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Abstract

This thesis employs multi-sectoral modelling techniques to analyse the potential im-

pact of Fiscal Devolution for Scotland. A Social Accounting Matrix (SAM) is con-

structed, which captures the flows of funds in Scotland for 2009.

The SAM is then disaggregated to identify the three government sectors operating

in Scotland, namely the UK Government, the Scottish Government and the Local Gov-

ernment. Also, the tax account is disaggregated to identify three tax accounts, each

corresponding to one of the three government sectors. Moreover, the unified house-

hold sector in the SAM is disaggregated to identify seven household sectors by type.

The disaggregated government and household accounts are then combined into one

SAM.

Next, the Type II Input-Output multiplier model and the SAM multiplier model are

tested and analysed. Three variants of the Type II output multiplier are tested against

the SAM multiplier as a baseline. The results here establish that the SAM multiplier

captures the flows of funds in the Scottish economy in the most accurate and compre-

hensive way.

The standard SAM model is then extended to endogenise part of the Government

sector in Scotland, the Scottish Government and the Local Government. This en-

ables the model to capture the effects of an exogenous demand shock under different

degrees of fiscal devolution for Scotland. The results indicate that a more fiscally

autonomous Scotland is subject to higher sensitivities to shocks.

Finally, this thesis employs a Computable General Equilibrium model (AMOS) for

Scotland. The model is extended to capture the three Government accounts in the

SAM. The model is used to simulate a balanced budget fiscal expansion, where the

increase in tax revenue funds a rise in government consumption. The results suggest

that a positive valuation of the increase in public amenity provision and a full reflection

of that in the wage bargaining process are crucial for a net growth outcome.
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Chapter 1

Thesis Prelude

1.1 Introduction

An increasing range of fiscal powers are devolved to Scotland through recent legis-

lation and this is likely to be extended further in coming years (The UK Parliament,

1998, 2012, 2015). These powers enable the Scottish Government to pursue a fiscal

policy that is significantly different to that of the rest of the UK. Therefore, it is vital for

policy-makers and economic researchers to have detailed data and modelling tools

which can assess the potential impacts of the devolved fiscal powers for Scotland.

Multi-sectoral modelling tools can help assess the potential macro-economic im-

pact of shocks to the Scottish economy. The level of detail that these models can

capture is dependent on the underlying data and in particular, the aggregation level of

the SAM.

Input-Output (IO), Social Accounting Matrix (SAM) and Computable General Equi-

librium (CGE) models are well established multi-sectoral models, which are based

around national accounts data. These models can be employed for policy analysis,

such as shocks to a sector’s output as well as fiscal policy shocks (CGE model specif-

ically for the latter). The models allow for a flexible degree of sectoral aggregation.

They capture the key agents in the Scottish economy, with the Household, the Corpo-

rate and the Government sector.

SAM and CGE models are particularly useful for the analysis of the Scottish fiscal

framework, since they capture the flow of funds to a more complete degree than IO
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models. Furthermore, CGE models extend the analysis by incorporating elements of

agents’ behavioural responses to shocks.

Traditionally, Scottish SAMs have treated the Household sector as unified and the

Government sector as unified. However, this treatment limits the analysis with respect

to both the impact of fiscal devolution for Scotland as well as the distributional impacts

that devolved fiscal powers might have.

This thesis builds a SAM based around the 2009 IO tables for Scotland, which is

then disaggregated by both Households and Government. The disaggregated SAM

identifies seven Household types, three Government sectors as well as three Tax ac-

counts assigned to a corresponding Government.

Furthermore, this thesis develops a data and modelling framework, which can anal-

yse the potential impacts of the different degrees of fiscal autonomy for Scotland as

well as the effect of fiscal policy shocks on the Scottish economy. This is done through

a SAM model with a partially endogenous Government sector and an extended variant

of the AMOS CGE model, respectively.

This work is particularly timely with further devolution of fiscal powers to Scotland

likely to come in the next few years. Furthermore, the Scottish Rate of Income Tax is

about to come into effect in Scotland and, as this thesis shows, utilising this policy tool

could have a wide ranging economic impact for Scotland (The UK Parliament, 2015;

Scottish Parliament, 2015).

1.2 Chapter Overview

This section gives an overview for all chapters.

Chapter 2: 2009 Social Accounting Matrix for Scotland

Chapter 2 constructs a Social Accounting Matrix (SAM) for Scotland. The 2009 SAM

for Scotland details the flows of income and expenditure through the Scottish economy.
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These data are essential for both SAM-based and Computable General Equilibrium

models, which can simulate the responses of the economy to shocks.

SAMs for Scotland have been produced on a semi-regular basis over the past

decades. However, thus far no consistent method for building a SAM for Scotland had

been produced. This chapter develops a method, which is based around the 2009

Input-Output (IO) tables for Scotland and other UK national statistics.

A key component for building the SAM is the construction of the Income and Ex-

penditure accounts, which are largely based on data that is not available in IO tables.

Each of these entries are discussed in detail. Chapter 2 is the building block for the

following Chapters and the method developed here enables the disaggregation of in-

dividual accounts in the SAMs.

Chapter 3: Government and Tax Account Disaggregation in the 2009 Scottish

SAM

Chapter 3 disaggregates the unified Government and the Tax accounts given in the

SAM from chapter 2. The Government account now identifies three separate Govern-

ment sectors operating in Scotland, namely, the UK Government, the Scottish Gov-

ernment and the Local Government. Furthermore, the Tax account is disaggregated

to capture the flows of devolved taxation, which is assigned to one of the three Gov-

ernment sectors in Scotland.

The method developed in this chapter retains the flow of funds from the 2009 SAM

for Scotland (from chapter 2). However, it also captures the inter-governmental trans-

fer payments, such as the annual ‘block grant’ that the UK Government pays the Scot-

tish Government. The SAM constructed in chapter 3 can be employed to represent

different degrees of fiscal autonomy for Scotland.

Chapter 4: Household Sector Disaggregation in the 2009 Scottish SAM

Chapter 4 disaggregates the Household account in the SAM by seven Household

types. The method developed for the disaggregation of the Household account re-
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tains the flow of funds of the 2009 SAM for Scotland from chapter 2. Furthermore, it

identifies a disaggregated Household sector with a full industry classification of 104

industries in Scotland. Disaggregating the Household account provides, inter alia, the

basis for capturing distributional effects in the CGE model.

Next, chapter 4 links the disaggregated Government account from chapter 3 with

the disaggregated Household account. This creates a SAM for Scotland with three

Government and three Tax accounts as well as seven Household accounts. The ‘Dis-

aggregated SAM’ allows for a more detailed tracking of the flow of funds to and from

the Government-and Household sector, such as through taxes and benefit payments.

Also, it provides the data framework for the analysis of fiscal devolution in Scotland

through multi-sectoral modelling techniques.

Chapter 5: Type II Multiplier Analysis

Chapter 5 compares methods for calculating Input-Output (IO) Type II multipliers.

These are formulations of the standard Leontief IO model which endogenise elements

of household consumption. An analytical comparison of the two basic IO Type II mul-

tiplier methods with the Social Accounting Matrix (SAM) multiplier approach identifies

the treatment of non-wage income generated in production as a central problem.

The multiplier values for each of the IO and SAM methods are calculated using

Scottish data for 2009. These results can be used to choose which Type II IO multi-

plier to adopt where SAM multiplier values are unavailable. Additionally, these results

confirm that the IO Type II method employed by the Scottish Government gives the

‘best fit’.

Chapter 6: Degrees of Fiscal Devolution - A SAM Modelling Approach

Chapter 6 employs the ‘Disaggregated SAM’ from chapter 4 to model different stages

of fiscal devolution for Scotland with a SAM multiplier model. These stages are the

fiscal framework for Scotland under: the Scotland Act 1998, the Scotland Act 2012,

the Scotland Bill 2015-16 and Fiscal Devolution. This chapter extends the standard
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SAM multiplier (discussed in chapter 5) to endogenise part of the Government sector,

here the Scottish Government and the Local Government.

The SAM model is then shocked with an increase in exogenous demand of £500m.

The shock is performed on four models, calibrated on the four SAMs reflecting different

stages of fiscal devolution for Scotland. Also, two sectors are shocked separately. The

model results provide evidence on the sectoral linkages in the Scottish economy and

more importantly on the changes in sensitivity to shocks of the Scottish economy under

more autonomous fiscal frameworks.

Chapter 7: AMOS

Chapter 7 outlines the basic CGE modelling framework and the standard forward-

looking AMOS model. This model variant has the household sector disaggregated,

but this feature has not been utilised until now due to a lack in data. Next, the unified

Government sector in the model is disaggregated to identify three separate Govern-

ment accounts, as in the SAM. Due to the disaggregation of the Government account,

the model is able to be calibrated with the Household and Government account disag-

gregated SAM.

Chapter 8: Scottish Fiscal Policy: Towards a Scandinavian Model?

Chapter 8 employs the extended AMOS model to examine a potential tax directive that

the Scottish Government could pursue with its given fiscal powers. Specifically, the

question on how the Scottish economy might fare under income tax levels reflecting

Scandinavian rates is explored.

Three models impose an 8 percentage point hike on the average rate of income

tax in Scotland in a balanced budget scenario. These models capture different wage

bargaining and public amenity valuation of workers and potential migrants. The results

show that the values for these parameters are critical for the overall response of the

economy to the shock. Also, the results suggest that this type of fiscal policy shock,

and specifically of that size, is likely to result in an economic contraction.
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Chapter 9: Conclusion

Chapter 9 summarises each of the chapters and highlights their contribution to the

thesis. Also, this chapter identifies areas for future work.
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Chapter 2

2009 Social Accounting Matrix for
Scotland

2.1 Introduction

This chapter outlines the method used to construct the 2009 Social Accounting Matrix

(SAM) for Scotland. A SAM is a set of accounts which identify the flow of goods,

services and factor inputs, and the corresponding flow of funds between agents in an

economic system for a given time period (Hosoe et al., 2010). Essentially, the SAM

extends the Scottish Input-Output (IO) tables by incorporating Income and Expenditure

(IncExp) Accounts.

Thus, the IncExp accounts contain information on institutional accounts that are

not recorded within the IO tables. Therefore the SAM can be used to analyse the

economy and the impact of social and economic policy in a more comprehensive way.

The structure of a SAM and the main benefits of adopting this accounting framework

are outlined in section 2.2. Next, the computed IncExp accounts and the 2009 Scottish

IO tables are combined to complete the 2009 SAM for Scotland (section 2.3). In the

section 2.4 the IncExp accounts and the methods used to compute these Accounts

are described in detail.
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2.2 Social Accounting Matrices

The SAM can be considered as an extended IO table which not only records macro

economic aggregates and their sectoral disaggregation but also the distribution and

redistribution of income. The focus of a SAM therefore lies in recording interrelation-

ships at the meso-level with emphasis on distributive aspects (Keuning & de Ruuter,

1988). It is concerned with the systematic organisation of information about the eco-

nomic and social structure of a country, region, or city, in a particular time period -

usually a year (King, 1981).

In contrast to IO tables, the SAM records flows from producing sectors to factors

of production and then on to institutional accounts and finally back to the demand for

goods (Adelman & Robinson, 1986). That is, IO tables show payments to factors of

production (wages and OVA) but do not show subsequent flows to institutions. As

such, a SAM is different from an IO table in that it contains complete information on in-

stitutional accounts (i.e. households, government and corporations), instead of solely

tracing income and expenditure flows associated with the production of commodities

(Breisinger et al., 2010). The main features of a SAM can be divided into three sec-

tions (Round, 2003).

First, the row sums in the SAM show the total receipts and the column sums show

the total payments of funds in individual accounts. Importantly, each row sum must

equal its corresponding column total. That is, the total revenue must equal total ex-

penditure in each account (Hosoe et al., 2010). Each cell in the SAM represents a

flow of funds from a column account to a row account, thereby documenting the inter-

connections between these accounts in an explicit way.

Second, the SAM is considered to be comprehensive as it shows economic activ-

ity in terms of consumption, production, accumulation and distribution (although not

necessarily in equivalent detail).

Third, the SAM is considered to be flexible in the degree of disaggregation, whilst

at the same time following a basic accounting framework (Breisinger et al., 2010). The
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degree of disaggregation generally depends on the motivation behind the construc-

tion of the SAM (e.g. depending on the location of the initial shock and the outcome

variables) and more restrictively, the availability of data (Round, 2003).

There are many benefits from constructing a SAM. The additional information con-

tained in the SAM, compared to IO tables, can be used to extend and improve the

multiplier modelling capacity to include the behaviour of the non-production part of the

economy. In particular, the more explicit link between activity and household income

should improve the Type II multiplier.
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Thus, a key benefit of extending the IO table to a SAM stems from the added

ability of modelling households in more detail. When examining the income effects of

an external policy shock on households, IO models allow for analysing different effects

on household income. SAM-based multiplier models, however, can additionally detail

distributional effects on households (Round, 2003).

Moreover, the SAM can incorporate a highly disaggregated social breakdown. This

is particularly important as a large number of economic interactions happen within

the household sector. That is, the household account can be further disaggregated

to record income and expenditure flows of households determined by, for example,

income and age-groups. This in turn allows for more accurate analysis of distributional

effects of policy (Stuttard & Frogner, 2003b).

An important side-effect of the SAM compilation process is that data gaps and

inconsistencies can be identified. This information can be used to improve and ex-

tend survey methods, definitions, classifications and the overall compatibility of data

sources (Keuning & de Ruuter, 1988).

The main utility, however, of a SAM is that it provides a comprehensive and con-

sistent record of the interrelationships of an economy at the level of individual produc-

tion sectors, factors and institutions. Thereby, the SAM makes available an internally

consistent statistical foundation, or benchmark, for the creation of plausible economic

models (e.g. Computable General Equilibrium models) which simulate changes to the

economy (Reinert & Roland-Holst, 1997).
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2.3 Social Accounting Matrix for Scotland

The main components of the Scottish SAM are the latest IO tables for Scotland (Scottish

Government, 2013a) and the IncExp accounts. This is the 2009 Industry by Industry

(IxI) basic-price table for Scotland. It is a symmetric IxI IO table with 104 industries

defined using the SIC07 classification. The IxI table presentation allows the interde-

pendence of industries to be formally examined as each industry is shown as inter-

mediate purchasers of their own and other industries output. A detailed description

of the methods and data sources used for the construction of the Scottish Govern-

ment Supply and Use Tables and Analytical Input-Output tables can be found in the

‘Input-Output Methodology Guide’ from the Scottish Government (2011a).

Table 2.3.1 is an aggregate version of the 2009 IxI table for Scotland. Focusing on

the first row and column, the row gives the expenditure on Scottish goods/services,

whilst the column details the cost breakdown of the Scottish production sectors. The

IO tables define the production cost entries in the column as: intermediates, labour

costs, Other Value Added (OVA), Government and Imports from RUK and ROW. The

production income entries are defined as: Capital, Household expenditure on Scottish

goods/services, Government, and exports to the RUK and ROW.

The first row total of £210,920m in the aggregated IxI table 2.3.1 gives the total

turnover of all production and service activity in the Scottish economy (total aggregate

demand of gross outputs). It is labelled as ‘Activities’. This includes private, public and

voluntary sector production activity. This total is broken down to show these interac-

tions in more detail. That is, the largest flow of funds within Activities take place within

sales and purchases of Scottish goods/services (intermediate demand) at £63,607m.

This is followed by combined exports at £54,045m (with exports to the RUK com-

prising 68% of total exports), Household consumption expenditure on goods/services

at £49,802m, Government payments (or grants) to Activities (such as Universities and

public services) at £29,486m, and lastly Investment expenditure at £13,981m. The

disaggregate version of the IxI table details these interactions at full 104 industry level.

11



The first column in the IO table can be read as expenditures made by productive

Activities £210,920m. It can also be interpreted as the full cost of generating these

activities. These expenditures are again further broken down into expenditures to

‘factors of production’ (labour and Other Value Added - including capital and land),

Government and imports. Payments to factors of production comprise 48 percent of

total expenditures (costs) to Activities. The remaining payments go to to Government

and imports. Also note that, 75 percent of total imports to Activities stem from the

RUK.

The IxI table 2.3.1 shows the destination of industry output, for example primary

manufacturing products. The columns of the IxI table show purchases made by indus-

tries and final demand from each Scottish industry’s output arising from both principal

production and intermediate demand. Conversely, the rows provide a breakdown of

industry receipts by origin.

This data on industry linkages can be used in conventional multiplier analysis to

estimate knock-on effects throughout the Scottish economy of a change in final de-

mand. Note that the sum of all final demands across all sectors is equal to the sum of

all value added (Scottish Government, 2011a).

It must be noted, that the economic activity arising from resource extraction occur-

ring in the North Sea is not directly included in these Scottish accounts. The Scottish

2009 IO tables therefore only include mainland activity. However, onshore activity ser-

vicing the extractive activities are identified in the Scottish IO tables as exports to the

RUK.
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Table 2.3.1: Aggregate Industry by Industry Table, 2009 basic prices (£million)
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1. Activities 63,607 - 13,981 - 49,802 29,486 36,879 17,166 210,920

2. Labour 63,561 - - - - - - - 63,561

3. Capital - - - - - - - - -

4. OVA 38,441 - - - - - - - 38,441

5. Households - - - - - - - - -

6. Government 4,779 - 1,495 - 6,568 - 193 129 13,165

7. RUK 30,274 - 3,358 - 13,875 - 4,362 2,890 54,759

8. ROW 10,258 - 1,097 - 4,424 - 3,057 161 18,997

Total 210,920 - 19,930 - 74,669 29,486 44,491 20,346

Source: Scottish Government (2013a)

The aggregate IxI table 2.3.1 shows that Total Final Demand equals Total output

at basic prices within the Activities account. That is, all expenditures are balanced

by receipts within the Activities account (£210,920m - £210,920m = 0). IO tables,

however, do not attempt to link the elements of Value Added (Wages and OVA) with

the elements of Final Demand (Consumers, Government and Investment).

This is in contrast to a SAM where the “missing" data on transfers between these

accounts is recorded. Recoding these flows is done by compiling IncExp accounts and

linking these together with the IxI table to generate a fully balanced square matrix. It

must also be noted, that in order to record transfers between accounts a ‘Corporations’

account is added which does not feature in the IxI table. The Corporations account is

outlined in detail in Appendix 2.

Table 2.3.2 depicts an aggregate version of the SAM that is derived by combining

the IxI table and the IncExp accounts. For illustrative purposes disaggregation within

accounts has been suppressed, as in Table 2.3.1. For example, the 104 industries

contained in the SAM are aggregated to one industry (Activities).

However, it must be emphasised that for modelling purposes a much more detailed
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SAM is used. The aggregated 2009 SAM for Scotland is a square matrix with 9 column

and 9 corresponding row accounts. This aggregated SAM contains the following main

accounts: Activities, Labour, Capital, Other Value Added OVA (Profits), Households,

Corporations, Government, Rest of UK (RUK), and Rest of the World (ROW).

The row and column entries in the SAM are considered to be receipts and expen-

ditures receptively. The rows in the SAM show income sources for each Account in

detail. For example, the Household account shows that total Household income is

£107,877m, of which £63,561m (58 percent) comes from Labour income. Conversely,

the columns in the SAM depict the expenditures of each account in detail. Again, total

Household expenditure is £107,877m, of which £49,802m (46 percent) are payments

to productive Activities i.e. Household consumption on goods/services produced in

Scotland.

The first row and the first column of the SAM include all the aggregated informa-

tion from the IxI IO tables, and thus balance. That is the £210,920m from the IxI table

(see Table 2.3.1) are fully incorporated. Thus, IO tables provide key macroeconomic

variables (GDP and total wage income) as well a breakdown of flows between Scot-

tish industries. Yet, the SAM links up these accounts and thereby presents a more

comprehensive and consistent overview of economic activity. For instance, the Gov-

ernment account in the IO table (see Table 2.3.1) identifies only five sources of total

Government income and only one source of its expenditures. Thus, in contrast to the

SAM, only 17 percent (£13,165m/£76,694m) of total Government income is recorded

in the IO table.

Similarly, only 38 percent (£29,486m/£76,694m) of total Government expenditure

is recorded in the IO table. It must be noted that imports from RUK and ROW include

‘Non-resident household expenditure in Scotland’. If this was not the case, imports to

Government from RUK and ROW would be zero.

The additional information contained in the SAM is vital in improving the multiplier

modelling capacity. As mentioned in section 2.2, the additional information contained
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in the SAM, compared to the IO Tables, can be used to extend and improve the mul-

tiplier modelling capacity to include the behaviour of the non-production part of the

economy as well. In particular, the more explicit link between activity and household

income should improve the Type II multiplier.

The IxI table 2.3.1 gives a breakdown of total Household (£74,669m) consumption

on Activities (domestic goods/services), Government and Imports. However, the IxI

table does not detail other sources of expenditure, and more importantly, no explicit

sources of Household income. In contrast, the SAM in Table 2.3.2 provides a more

detailed breakdown of Household expenditure on savings, Corporations, Taxes, and

Imports. Total Household expenditure is thereby estimated to be £107,877m.

Thus, in comparison to the SAM, the IxI table only captures 69 percent of total

Household expenditure. The SAM also presents a detailed breakdown of Household

income by Labour, OVA, Corporations, Government and Exports. The SAM thereby

provides additional sources of Household income that are not captured in the IxI table.

The mode detailed information within the Household account should improve the Type

II multiplier.

The entries that were added to the IO Tables to compute the more detailed SAM

are derived from the balanced IncExp accounts. This approach assures that every

expenditure total and its corresponding receipt total balance and therefore retain the

integrity of the IO accounts when constructing the SAM. The SAM thereby incorpo-

rates the information of sales and purchases of Scottish goods and services at 104

industry level, at both intermediate and final demand; and also income and transfers

among the transactors.

Thus, the SAM is meant to link together existing IO tables and other national statis-

tics. Data necessary for the construction of the SAM that are not contained within

the IO table are derived by computing the IncExp accounts. These accounts record

income and expenditure of households, corporations, government, capital and the ex-

ternal sector in detail.
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2.4 The Income and Expenditure Accounts for 2009

The IncExp accounts provide a detailed picture of flows of funds for the main local

transactors (Households, Corporations and Government), as well as for the Capital

and External sectors in Scotland. The IncExp accounts are compiled by using publicly

available data, sourced from both the UK and the Scottish Government, including the

2009 IO Tables for Scotland (Scottish Government, 2013a).

Section 2.3 outlined the role that the IncExp accounts have in extending the 2009

IO Tables into the 2009 Scottish SAM. This section provides an overview of the IncExp

accounts and how these accounts are constructed. This includes a discussion of the

data sources, an illustration of the layout and an overview of the calculations and the

internal balancing of the Accounts. Appendix 2 provides a detailed description of how

each of the entries in the Accounts is calculated.

2.4.1 Data

The data used in the construction of the IncExp accounts are derived from either

UK or Scottish Government sources and are all publicly available. The information

presented in the Accounts is for the calendar year 2009. This is the format used for

the IO Tables, which is carried forward to the SAM. However, some data, for example

those from the Government Expenditure and Revenue Scotland (GERS) publication

(Scottish Government, 2013b), are given for financial years.

This format is specified as starting from the beginning of April in one year to the end

of March in the next year. Therefore the financial year 2008/09 covers the period from

01.04.08 to 31.03.09. In order to transform these data to the calendar year format for

2009, a one-quarter share of the data entry for the financial year 2008-09 is combined

with a three-quarter share of the data entry for the financial year 2009-10.

The main data sources used for the construction of the Accounts are identified in

Figure 2.4.1. This figure gives an indication of the proportion of the required data that
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is taken from the main sources. The shares are calculated by de-constructing each

entry in the Accounts and is calculated identifying the source of each component.

Note that individual data entries taken from external sources are only counted once

for the calculation of the volume of sources in Figure 2.4.1. This is done as some en-

tries from external sources are used a number of times in the calculation of the IncExp

accounts1. Included in the calculation of Figure 2.4.1 are the sources of the shares

(see Equations 2.6.80 to 2.6.86), which are used to transform UK data to Scottish

data2.

1See section 2.4.3 for a more detailed discussion of this.
2see the Subsection “Shares” below for a full discussion on deriving Scottish data from UK sources.
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Data in financial year format is counted as one entry after it has been annualised,

following the process outlined above. The total of the individual entries used for the

derivation of the IncExp accounts is then used to calculate the share of where the data

for the Accounts originating in different sources (see Figure 2.4.1).

For example, the SAM entry showing payments from Households to Government at

£21,379m given in Table 2.3.2 is a direct entry from the IncExp accounts3. This entry is

calculated by summing up the tax payments from Households to Government, which

are Income Tax, Capital Gains Tax, Inheritance Tax, Stamp Duties, Half Insurance

Premium Tax and Social Security Contributions.

The figures for these tax payments are derived from GERS (Scottish Government,

2013b), which presents entries in the financial year format. Therefore the figures are

annualised following the above-mentioned process. Each annualised tax payment is

counted as one entry for the derivation of the volume of sources in Figure 2.4.1. This

cell in the IncExp accounts thus attributes seven entries to the GERS source(Scottish

Government, 2013b).

Figure 2.4.1: Shares of data sources in Income and Expenditure Accounts
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Figure 2.4.1 shows that the largest source of data for the IncExp accounts origi-
3This entry corresponds to (Cell 13) in the IncExp accounts. The cell reference method for the

Accounts is presented in section 2.4.2
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nates from the 2009 IO Tables for Scotland with 29% (Scottish Government, 2013c).

The other two major data sources are depicted as GERS with 24% (Scottish Govern-

ment, 2013b) and the ONS Blue Book, i.e. the UK National Accounts, with 24% (ONS,

2013b). Figure 2.4.1 also highlights that the majority of data used in the compilation

of the IncExp accounts originates from Scottish data.

Summing up the shares of 2009 IO Tables, GERS and other Scottish Government

sources shows that approximately 56% of data is of Scottish origin. The total amount

based on UK data sources is calculated at 35%, which is the sum of the shares of the

ONS Blue Book, Other UK Government and Public Expenditure Statistical Analysis

(PESA) (Treasury, 2012)4.

4The shares are 24%, 6% and 5% respectively.
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Figure 2.4.1 shows furthermore that Balancing Items account for 8% of total indi-

vidual entries in the Accounts. Essentially, these are elements which are determined

through the requirement that the expenditures and receipts in each account must bal-

ance. Note that a full discussion on Balancing Items can be found in section 2.4.3.

Data consistency of the IncExp accounts is ensured since only a small number of

data-consistent official sources are used (see Figure 2.4.1).

Data Sources

The largest data source for the calculation of the IncExp accounts are the 2009 IxI (IO)

Tables. The 2009 Tables are the latest IO Tables released by the Scottish Government

at the time of this publication and henceforth they determine the year for which the

Scottish SAM is built. The IO Tables furthermore determine the accounting period of

the IncExp accounts and the SAM, which is the calendar year format. The Scottish IO

Tables and thus the Scottish SAM represent the Scottish onshore economy only, and

do not include revenue from North Sea oil and gas operations.

It has to be noted that other data sources used in the compilation of the IncExp

accounts, for example the ONS Blue Book (ONS, 2013b), include revenue from North

Sea operations. This directly affects the Scottish GDP as a share of total UK GDP

(see Equation 2.6.80), which is derived by figures from the IO Tables and the ONS

Blue Book respectively (Scottish Government, 2013c; ONS, 2013b). The Scottish

GDP is underestimated in this instance in relation to the UK GDP figure.

The second largest source for data used in the IncExp accounts is Government

Expenditure and Revenue Scotland (GERS), which is an annual publication by the

Scottish Government. GERS uses both UK and Scottish Government finance statistics

in order to capture all public sector expenditures and receipts in Scotland. This source

provides, inter alia, household and corporate tax payments as well as total public

spending control totals for the IncExp accounts5. The data in GERS are presented

in financial year format and have to be transformed to the calendar year format (as

discussed above) for the IncExp accounts (Scottish Government, 2013b).
5This corresponds to (Cell 43)
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The third largest data source used here is the ONS Blue Book, i.e. the UK Na-

tional Accounts, which is an annual UK National Statistics Publication. The Blue Book

is constructed using governmental financial statistics, both from the UK- as well as

international government sources. It provides a detailed sectoral breakdown of the UK

economy as well as its economic activities with the rest of the world (ROW). The Blue

Book data are used for a wide variety of entries in the Accounts, for example, public

and private dividend payments to household. The data is in the calendar year format

and do not require transformation (ONS, 2013b).

The fourth largest single source for the IncExp accounts is the data from the annual

HM Treasury Public Expenditure Statistical Analysis (PESA) publication. Here Local

and Central Government spending is detailed, including the budgets of UK government

department.

PESA is a major source for the GERS publication by the Scottish Government

(Scottish Government, 2013b). The data used in the IncExp accounts originating from

PESA are public sector identifiable, non-identifiable and total spending. The data are

presented in financial year format and have to be transformed to the calendar year

format for the IncExp accounts (Treasury, 2012).

Finally, there are other UK and Scottish Government sources. These include, for

example, figures used for the derivation of Scottish households as a share of total UK

households (see Equation 2.6.82) (Scottish Government, 2012; ONS, 2012).

Shares

As mentioned above, several shares are used in order to transform UK data for the

Scottish IncExp accounts. These shares are essential as some data are only available

on the UK level. For example, the Total Managed Public Sector Expenditure in PESA

(Treasury, 2012), which is used to estimate the total public expenditure in Scotland6.

The various shares are used throughout the derivations of the individual cells of the

IncExp accounts. The three shares used for the majority of UK data transformation are
6This is the Total Government Expenditure Balancing Total (Cell 43) in the IncExp accounts
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given below. These are the GDP share at 8.22% (see Equation 2.6.80), the Population

share at 8.41% (see Equation 2.6.81) and the Households share at 9% (see Equation

2.6.82). Other shares, such as the Scottish share of Total UK Other Value Added at

8.31% (see Equation 2.6.85) are also used in the calculations (see Appendix 2 for fur-

ther details). These shares are all close in value. However, theoretical considerations

favour different shares for specific UK data as outlined below.

First, the GDP share is applied when UK data is transformed for the Scottish juris-

diction. For example, Governmental and Corporate transfers payments (ONS, 2013b)

are multiplied by the GDP share following the framework set out by Hermannsson et al.

(2010). Second, the Population share is used for public sector spending, which is allo-

cated to the different jurisdictions within the UK through size estimates of the relevant

region. This is in line with the methodology applied in GERS (Scottish Government,

2013b) for transforming PESA (Treasury, 2012) data for Scotland. Third, the House-

hold share is applied to transform UK Dividend Payments to a Scottish figure, which

follows UK calculations in transforming total dividend payments to the household level

(ONS, 2013b).

The majority of data used in the IncExp accounts is derived from Scottish sources

as outlined above. Nevertheless, many statistics are only available on the UK level

and the Scottish figure has to be inferred as a share of that. Increasing the volume

of entries calculated from direct Scottish data would result in more accurate IncExp

accounts.
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2.4.2 Layout

The IncExp accounts (see Table 2.4.1) are divided into five sectors (Households, Cor-

porations, Government, Capital and External) as well as the Scottish Trade and Exter-

nal balance with both the RUK and the ROW. Each of those sectors is divided further

into an income and an expenditure section (left-hand side and right-hand side respec-

tively), hence the name for these Accounts.

Each numerical entry in the IncExp accounts (see Table 2.4.1) is referred to as a

cell and is identified for convenience through the number code given to each entry.

For example, (Cell 19) refers to the Profit Income (OVA) of the Corporations’ Income

Account.

Every account has a Total Income and a Total Expenditure figure, which is a sum-

mation of the entries in each section (highlighted in bold). The total expenditure and

the total income for each of the main transactors as well as for the Capital account are

equal to each other. This is essential for the balancing of the SAM and is discussed in

more detail in section 2.4.3 under “Balancing Items”.

In addition to the totals derived by summing up the individual entries in each of the

main transactors’ accounts, the Household and Government sector have additional

Control Totals from external sources. For the Household Sector this is (Cell 1), which is

the Total Household Income from the GDHI figures (ONS, 2011c). For the Government

sector the Control Total is (Cell 43), which is the total public sector expenditure in

Scotland derived from GERS and the PESA accounts (Scottish Government, 2013b;

Treasury, 2012).

The main transactors (Households, Corporations and Government) have a similar

cell breakdown. The largest share of entries in these accounts are Income from-

and payments to the other main transactors as well as flow of funds to and from the

External account. Note that due to the accounting identity used in the IncExp accounts,

the receipt that, for example, sector A receives form sector B is equal to the payment
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made by sector B to sector A. This is discussed in more detail in section 2.4.3 under

“Corresponding Figures”.

The External payments are comprised of goods & services payments and receipts

to and from Scotland to both RUK and ROW. Additionally, they show the sums of the

transfers to and from RUK and ROW by the main transactors. For example, (Cell 53)

are the Transfers that Scotland pays to RUK, which is the sum of (Cells 14, 27 and 41).

Furthermore, all main transactors have a Profit Income (OVA) entry and a Payments

to Capital7 entry on the Income and on the Expenditure side, respectively.

7These are equal to savings made by the individual sector and the Payments to Capital of each sector
are used to derive the Capital account.
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Table 2.4.1: Income-Expenditure Accounts for Scotland (in £million)

HOUSEHOLDS

1. Income 107877 10. Expenditure 107877
2. Income from Employment 63561 11. IO Expenditure 74669
3. Profit Income (OVA) 5289 12. Payments to Corporations 6401 *
4. Income from Corporations 15103 13. Payments to Government 21379
5. Income from Government 19835 14. Transfers to RUK 238
6. Transfers from RUK 1853 15. Transfers to ROW 119
7. Transfers from ROW 2237 16. Payments to Capital (Savings) 5070
9. Total Household Income 107877 17. Total Expenditure 107877 **

CORPORATIONS

18. Income 53507 24. Expenditure 53507
19. Profit Income (OVA) 29456 25. Payments to Households 15103 **
20. Income from Households 6401 ** 26. Payments to Government 5248
21. Income from Government 5722 ** 27. Transfers to RUK 3768
22. Income from RUK 5964 28. Transfers to ROW 4560
23. Income from ROW 5964 29. Payments to Capital (Savings) 24828 *

GOVERNMENT

30. Income 63530 37. Expenditure 63530
31. Profit Income (OVA) 3697 38. IO Expenditure 29486
32. Net Commodity Taxes 13165 39. Payments to Corporations 5722 *
33. Income from Households 21379 ** 40. Payments to Households 19835 **
34. Income from Corporations 5248 ** 41. Transfers to RUK 8368
35. Income from RUK 20041 * 42. Payments to Capital (Savings) 119
36. Total Gov Inc Balancing Total 63530 ** 43. Total Gov Exp Balancing Total 63530

CAPITAL

44. Income 19930 49. Expenditure 19930
45. Households 5070 ** 50. IO Expenditure 19930
46. Corporations 24828 **
47. Government 119 **
48. RUK/ROW -10087 **

EXTERNAL

51. RUK Income from Scotland 67133 58. RUK Expenditure in Scotland 70597
52. Goods & Services from RUK 54759 59. Goods & Services to RUK 42739
53. Transfers to RUK 12374 60. Transfers from RUK 27858
54. ROW Income from Scotland 23676 61. ROW Expenditure in Scotland 27378
55. Goods & Services from ROW 18997 62. Goods & Services to ROW 19178
56. Transfers to ROW 4679 63. Transfers from ROW 8201

64. Tourist Expenditure in Scotland 2921
57. Total Income 90808 65. Total Expenditure 100896

66. Surplus/Deficit -10087

G&S TRADE BALANCE TOTAL BALANCE OF PAYMENTS

67. RUK -12020 69. RUK 5217
68. ROW 181 70. ROW 4871

71. Total Balance of Payments 10087

EXTERNAL BALANCE

72. Income from Employment -3464
73. Profit Income (OVA) -3703
74. Income from Corporations -2921
75. Income from Government -10087

Balancing Item: * Row Entries (Element determines Column)

Corresponding Figure: ** Row Entries (Element determines Column)
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Appendix 2 provides a detailed description of how each of the entries in the Ac-

counts is calculated.

2.4.3 Calculation Overview and Internal Balancing

The structure used for compiling the IncExp accounts follows a framework set out by

Hermannsson et al. (2010), which also used data from both the Scottish IO Tables as

well as other external sources. As stated above, the largest share of data entries origi-

nates from the 2009 IO Tables for Scotland (Scottish Government, 2013c). The entries

in the IncExp accounts, which are calculated solely with data from the IO Tables, do

not have to be transformed in order to fit these into the SAM framework. For example,

(Cell 11) and (Cell 38) are summations of several IO entries.

Linking together the IncExp accounts (see Table 2.4.1) and the IxI table (see Table

2.3.1) is described in the following by the means of using the Government account

as an example. Table 2.4.2 depicts the Government account in an aggregate 2009

Scottish SAM. In the parenthesis of the SAM figures the location within the IncExpAc-

counts or IO table is detailed. For example, the £29,486m Government expenditures

on Activities stem from the IO table (Table 2.3.1). The £119m of Government expendi-

tures on Capital stem from the IncExp accounts and can be found in (Cell 49) in Table

2.4.1.

Due to the aggregation of the SAM (Table 2.4.2) it is necessary to combine IO and

IncExp data for several entries. For example, the £27,947m Government income from

Households is the sum of (Cell 33) ‘Payments to Households to Government’ and the

IO entry ‘Taxes on Expenditure’. Thus, it mus be stressed again, that this aggrega-

tion is for illustration purposes only and that the fully disaggregated table should be

consulted when evaluating the figures contained within the SAM.

Additional to the IO Tables and the other data sources discussed in the section

2.4.1, the IncExp accounts contain internally derived cells. These are notated with a

single star (*) for Balancing Items and with two stars (**) for Corresponding Figures

(see Table 2.4.1).
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Balancing Items

Balancing Items are used to balance the Total Income and the Total Expenditure of

the main transactors. The method used for allocating Balancing items to the various

accounts is as follows. The Household and Government accounts have control totals

and in order to balance total income with total expenditure for these accounts, manual

balancing is needed.

Thus, there is a Balancing Item on the income and on the expenditure side for each

one of these accounts. The Corporate Account does not have control totals, however.

Within the Corporate account, the income entries are more robust than the expenditure

ones. Therefore the balancing is imposed on the latter. Generally, Balancing Items are

imposed on those cells, for which data availability or quality is least robust.

Balancing Items are calculated by summing up all figures of one sector on the

relevant account side (apart from the cell used as a Balancing Item) and deducting the

Total figure by that calculated sum. For example, Corporations’ Payments to Capital

(Cell 29) is calculated through deducting the sum of (Cell 25) to (Cell 28) from the total

Expenditure (Cell 24).

Corresponding Figures

As outlined in the previous section, based on the accounting identity used for the

IncExp accounts, the income that sector A receives from sector B is equal to the

payment that sector B makes to sector A. Thus there is a correspondence between

payments of the main transactors to each other in the IncExp accounts. For example,

the Income from Corporations received by the Government (Cell 34) is equal to the

Payments to Government made by Corporations (Cell 26).

It must be noted that the sequence of the Accounts determines the use and pres-

ence of Corresponding Figures. The sequence of the IncExp accounts is set out to

be: 1.Households, 2.Corporations, 3.Government, 4.Capital to last 5.External. Corre-

sponding Figures between the main transactors occur only in the accounts that follow
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the Household account. The Household account’s Total Expenditure (Cell 17), is an

‘account internal Corresponding Figure’ referencing Total Household Income (Cell 9)

and thus not an entry corresponding to another main transactor.

The use of Corresponding Figures is only then problematic when it corresponds

to a cell that is calculated as a Balancing Item. For example, all income entries for

the Capital account are Corresponding Figures, as these are equal to the Payments

to Capital entries by each of the Primary sectors (Cells 16, 29 & 42) as well as the

net External balance (Cell 66). The entry that could cause a ‘compounded error’ due

to reusing a Balancing Item, here, is Capital Income from the Corporate account (Cell

46) which corresponds to the Corporations’ Payments to Capital (Cell 29), which is a

Balancing Item.
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Table 2.4.3 provides details of the cells of the IncExp accounts, which highlights,

inter alia, whether cells are derived through external sources or through internal cal-

culation. Cells noted as “Regular” are simply cells in the IncExp accounts, which are

marked as neither Balancing Items nor Corresponding Figures (see Table 2.4.1). The

slight majority of the “Regular ” cells is derived through internal calculations (with 29

internally calculated cells versus 28 externally calculated cells).

For example, Total Household Income (Cell 9), which is the total of all cells in

the Households’ income account, is internally calculated. The cells noted as being

externally calculated are those, which were derived through figures external to the

IncExp accounts. For instance, the Households’ Payments to Government (Cell 13) is

calculated through figures taken solely from GERS (Scottish Government, 2013b).

The second row of Table 2.4.3 shows that there are a total of 5 Balancing Items in

the IncExp accounts. These are all internally derived, following the method outlined

above. Note that three of those Balancing Items are used within the Accounts as

Corresponding Figures and could thereby be the source of a ‘compounding error’8.

Cells noted as Corresponding Figures in the IncExp accounts are detailed in row

three of Table 2.4.3. Four of these cells are denoted as being derived from internally

calculated cells. Three of those are the above-mentioned Balancing Items, which are

also used as Corresponding Figures. The fourth internally derived Corresponding

Figure is the Household sector’s Total Expenditure (Cell 17). This cell is equal to Total

Household Income (Cell 9), which is a summation of all income of the Household

sector. All other Corresponding Figures are equal to externally calculated cells.

For example, Government’s Payments to Households (Cell 40) is equal to House-

hold’s Income from Government (Cell 5), which are derived through figures from both

both GERS and the ONS Blue Book (Scottish Government, 2013a; ONS, 2013b). Note

that although thirteen cells are identified as Corresponding Figures in the Accounts, in

effect 26 cells have corresponding entries to other cells.

8Where Corresponding Figures refer to a cell that is calculated as a Balancing Item, it is marked as
such in the detailed breakdown in Appendix 2
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If the ordering of the Accounts were different, for example the Household account

would follow the Government account, then Household’s Income from Government

(Cell 5) would be a Corresponding Figure of Government’s Payments to Households

(Cell 40). Thus (Cell 5) would be noted as a Corresponding Figure and (Cell 40) would

not be.

Table 2.4.3 highlights that in total 38 cells are calculated through external sources,

whilst 37 cells in the Accounts are derived through internal calculation. The entries of

the main transactors are mainly obtained through external sources whilst the majority

of entries from the Capital account and below (see Table 2.4.1) are derived through

internal calculations.
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Table 2.4.3: Income and Expenditure Cell Details

Internal External Total

1. Regular 29 28 57

2. Balancing Item 5 - 5

3. Corresp. Figure 4 9 13

Total 38 37 75

Concerning future work on the IncExp accounts, the reliance on Balancing Items

could be looked into further. As Figure 2.4.1 shows, these cells account for 8% of

the total individual entries for the IncExp accounts. Currently, the cells for which there

are the least robust data are chosen in order to balance the accounts of the main

transactors. If robust estimates for these entries could also be obtained, then the

balancing of the account could be distributed across a number of cells in an account.

However, determining the balancing share of each entry might prove difficult and could

result in a number of robust estimates to be skewed.
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2.5 Conclusion

This chapter developed a method for the construction of Scottish SAMs that is replica-

ble and utilises data that is publicly available. The way that the 2009 Scottish SAM is

constructed allows for any of the raw data, that is used to compute the entries, to be

easily updated. That is to say that the work presented in this chapter results in SAMs

based on other base years, for example, to be built in a very short span of time.

Also, the 2009 Scottish SAM provides the framework for several more highly dis-

aggregated variants. For example, with the unified Government sector disaggregated

(see chapter 3) or the unified Household sector disaggregated (see chapter 4).
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Chapter 3

Government and Tax Account
Disaggregation in the 2009
Scottish SAM

3.1 Introduction

The public sector has traditionally been treated as a single account in Scottish SAMs

(Lecca, McGregor, Swales, & Yin, 2014; Emonts-Holley, Ross, & Swales, 2014). How-

ever, three distinct Government sectors are operating in Scotland: the UK Govern-

ment, the Scottish Government and the Local Government. All three Government

sectors operate separately from each other as well as interdependently in the Scottish

economy. For example, each of the Governments purchases Scottish industry output

for its own consumption, whilst also being recipients of inter-governmental transfers.

In addition to the three Government sectors, there are also three separate Tax ac-

counts operating in Scotland. There are the UK Tax, the Scottish Tax and the Local Tax

account. Again, these have been historically treated as a unified account in Scottish

SAMs (Lecca et al., 2014). However, the increasing level of fiscal autonomy for Scot-

land, under the Scotland Act 2012 and the current Scotland Bill (The UK Parliament,

2012, 2015), necessitates a more detailed modelling of the flow of taxes in Scotland.

Disaggregating the 2009 SAM for Scotland by both the Government and the Tax

account is a key component in this thesis’ aim of providing a more detailed SAM

database for Scotland. The disaggregation of the public sector produces a more de-

tailed picture of the flow of funds in Scotland for 2009 (The UK Parliament, 1998).
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Additionally, the disaggregated SAM can be transformed to capture different stages of

fiscal devolution, like the tax and inter-governmental transfer changes in the Scotland

Act 2012 (The UK Parliament, 2012).

This chapter is structured as follows. Section 3.2 discusses the Government and

the Tax account in the aggregated SAM and details how Government and Taxes are

treated in the Industry-by-Industry (IxI) table, which underlies the SAM. Next, the Gov-

ernment sector in the Income and Expenditure (IncExp) accounts is outlined. Sec-

tion 3.3 outlines the method of disaggregating the three Government sectors in the

SAM. This is split into the disaggregation of the Governments’ consumption expen-

diture stemming from the IxI table and the disaggregation of the IncExp accounts.

Section 3.4 discusses the data used for the disaggregation. Section 3.5 details the

disaggregation and section 3.6 analyses the disaggregated Government SAM. Lastly,

section 3.7 concludes.

36



3.2 The Government and the Tax Account in the 2009 Scot-

tish SAM

This section outlines the Government account in the 2009 SAM for Scotland (hence-

forth also referred to as the ‘base SAM’). This includes a brief analysis of the two

databases that provide the data for the SAM, the IxI table and the IncExp accounts.

Table 3.2.1 is an aggregated 2009 SAM for Scotland. It shows that the Government

sector’s income and expenditure balance and the total is £63,530m. Note that the full

SAM is discussed in Chapter 2, and that Appendix 2 provides a full breakdown of the

calculation for all entries outlined here.

The expenditure column shows the Government sector’s purchases of Scottish

industries’ output, which is aggregated to the “Activities” sector in Table 3.2.1. The

Government’s consumption expenditure total is £29,486m, which is taken straight from

the IxI table. The payments to “Capital” of £119m is also taken from the IxI table (see

Appendix 2, Equation 42 for a detailed breakdown).

The Government makes transfer payments to “Households” of £19,835m, for ex-

ample in form of benefit payments or housing support. Furthermore, “Corporations”

also receive funding from the Government of £5,722m. Note that this figure is a bal-

ancing item (as defined in Section 2.4.3). The last entry in the Government column

is spending on the “External” sector of £8,368m. This is ‘non-identifiable spending’,

which is a population-based share of expenditures undertaken by the UK Government

on behalf of Scotland, like defence spending, but not necessarily in Scotland (see

Table 9.4.3).

The Government receives income, as identified in the “Government” row in Table

3.2.1. Other Value Added (OVA) provides £3,697m of income, which is the ‘Gross

Operating Surplus’ of government-owned industries, such as ‘Public Administration’,

taken from the IxI table. “Households” pay taxes to the Government, which are: In-

come Tax, Capital Gains Tax, Inheritance Tax, Council Tax and Social Security Con-

tributions, of £21,379m. “Corporations” also pay taxes to the Government of £5,248m
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and these are: Corporation Tax, Non-Domestic Rate, Other Taxes and Royalties as

well as Interest and Dividends.

There are other taxes, both direct and indirect, which are captured under the “Taxes

on Expenditure” account, see below for details. These taxes flow back to the Govern-

ment under “Net Commodity Taxes” at a total of £13,165m. All of these figures come

from the IxI table, which are given as ‘Taxes less subsidies on products’ and as ‘Taxes

less subsidies on production’. The biggest single tax captured here is Value Added

Tax (VAT) alongside some other direct and indirect taxes1.

The Tax account’s income stems from the following sectors. The “Activities” sector

reports a tax payment of £4,779m, the “Captial” account pays £1,495m, “Households”

pay £6,568m and the “External” sector pays £322m. Note that the “External” sector

aggregation here includes ‘Tourist expenditure’, which also pays VAT for purchases

made in Scotland, for example (Scottish Government, 2013a).

The last entry is the payment from the “External” sector of £20,041m. This is a

balancing item, but is close in value to the funding gap between taxes collected in

Scotland and public sector total spending. Total current revenue in Scotland for 2009

is £42,124m with Total Expenditure at £61,275m. Hence, the shortfall is £19,152m.

This can be treated as a transfer from the RUK to Scotland, or here, the Government

sector in Scotland (Scottish Government, 2013b).

3.2.1 The Government and the Tax Account in the IxI table

The IxI table provides the framework for the SAM and most of the data in the SAM

stems from the IxI table. In order to disaggregate both the Government and the Tax

account in the 2009 SAM for Scotland, the data covering the public sector coming from

the IxI table needs to be disaggregated first. Hence, the data contained in the IxI table

is outlined below.

1These taxes are: Aggregates levy; Agriculture levies; Air passenger duty; Alcohol duties; Betting,
gaming and lottery duties; Channel 4 funding; Climate change levy; Fossil fuel levy; Gas levy; Hydro
benefit tax; Hydrocarbon oils duty; Insurance premium tax; Landfill tax; Lottery fund; Protective duty on
imports; Renewable obligation certificates; Stamp duties; Strategic Rail Authority rail franchise premia;
Sugar levy; Tobacco duty (Scottish Government, 2011a)
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The Government sector in the 2009 Scottish IxI table is split between Central Gov-

ernment and Local Government. The former comprises both the UK Government in

Scotland and the Scottish Government whilst the latter is the Local Government, i.e.

Scottish Local Authorities. Note that the UK Government in Scotland is referred to as

the UK Government only from here onwards.

Table 3.2.2 shows an aggregated version of the 2009 Scottish IxI table. Please

refer to Chapter 2 for a full discussion on this, as the emphasis here is on the Gov-

ernment and the Tax account only. The IxI table identifies the Government sectors’

spending on “Activities” as the only public sector expenditure. The Central Govern-

ment spends £19,296m and the Local Government £10,190m. The IxI table does not

record any Government sector income. It does however, capture some tax income,

under “Taxes on Expenditure” of £13,165m. Recall that this is mainly VAT income as

well as some other direct and indirect taxes, as outlined in the section above.

Table 3.2.2: Aggregate Industry by Industry Table, 2009 basic prices (£million)
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1. Activities 63,607 - 13,981 - 49,802 19,296 10,190 54,045 210,920

2. Labour 63,561 - - - - - - - 63,561

3. Capital - - - - - - - -

4. Other Value Added 38,441 - - - - - - - 38,441

5. Households - - - - - - - - -

6. Central Government - - - - - - - - -

7. Local Government - - - - - - - - -

8. Taxes on Expenditure 4,779 - 1,495 - 6,568 - - 322 13,165

9. External 40,532 - 4,455 - 18,299 - - 10,470 73,755

Total 210,920 - 19,930 - 74,669 19,296 10,190 64,837

Source: Scottish Government (2013a)

There are two broad categories of data that flow from the IxI table (see Table 3.2.2)
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to the SAM (see Table 3.2.1). First, the Government sector’s expenditure on industry

products and the income from “Taxes on Expenditure”. These two items from the IxI

table have to be disaggregated to identify the three Government and Tax accounts

in the disaggregated SAM. Note that the IxI table does not identify a column vector

for the Tax account, as this is captured in the Government account column. All other

information stem from the IncExp accounts, which are discussed below.

3.2.2 The Government and the Tax Account in the Income and Expendi-

ture Account

Table 3.2.3 shows the Government account in the (aggregated) IncExp accounts from

the 2009 SAM for Scotland from Chapter 2. The Government IncExp account identi-

fies all aggregate entries for the Government and the Tax account in the SAM. This

includes the Government’s tax income from “Net Commodity Taxes” (cell 32) as well

as direct tax payments from Households and Corporations (Cells 33 & 34).

The Government sector in Table 3.2.3 includes the UK, Scottish and Local Gov-

ernments. Hence, the income and expenditure entries are aggregated totals. These

entries are also the control totals for the disaggregated IncExp accounts. Note that the

disaggregated account includes additional data, however, which inflates the combined

total of the Government’s account.

Table 3.2.3 does not capture inter-governmental transfers, such as the ‘block grant’

that the Scottish Government receives from the UK Government (The UK Parliament,

1998). It does show, however, the expenditure support that the Government sector

in Scotland receives, since total tax income is smaller than public sector expenditure

(Scottish Government, 2013b). This entry is the “Income from RUK” of £20,041m.

Also, Table 3.2.3 captures expenditure that the UK Government does on behalf of

Scotland. This includes public sector debt payments and is the “Transfers to RUK” of

£8,368m.
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Table 3.2.3: Government in the 2009 IncExp accounts for Scotland (in £million)

GOVERNMENT

30. Income 63,530 37. Expenditure 63,530
31. Profit Income (OVA) 3,697 38. IO Expenditure 29,486
32. Net Commodity Taxes 13,165 39. Payments to Corporations 5,722
33. Income from Households 21,379 40. Payments to Households 19,835
34. Income from Corporations 5,248 41. Transfers to RUK 8,368
35. Income from RUK 20,041 42. Payments to Capital (Savings) 119

The Government sector in the IncExp accounts captures all flows of funds that

are either received by the Government or flow from it to other sectors. For exam-

ple, “Payments to Households” (Cell 40) is equal to the Household sector’s “Income

from Government”. Therefore it is sufficient to disaggregate the entries shown in Table

3.2.3, in order to disaggregate the Government in the IncExp and in the SAM. Re-

call that by balancing the IncExp accounts, the SAM balances automatically, since all

entries flow through the IncExp accounts.

3.3 Method

The disaggregation of the Government and Tax Account is split into two distinct parts.

First, the Government’s consumption expenditure stemming from the IxI table is disag-

gregated. Second, the IncExp accounts are disaggregated by splitting the Government

account (see Table 3.2.3) into a UK Government, Scottish Government and Local Gov-

ernment account. This section outlines the method employed for the disaggregation

and section 3.5 details the disaggregation.

3.3.1 Disaggregation of the Government Consumption Expenditure

All three Government sectors purchase goods & services from Scottish industries

(Scottish Government, 2013b). The Government consumption expenditure in the SAM

stems from the IxI table. This is shown as the expenditure of the Government account

in Table 3.2.1 on the “Activities” sector of £29,486m.
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The IxI table already identifies two Government accounts, the Central and the Local

Government (see Table 3.2.2). The Central Government spending by industry in the

IxI table is a 104 × 1 vector that includes both the UK and the Scottish Government.

Hence only the Central Government vector needs to split between the UK Government

and the Scottish Government in order to obtain all three Government’s consumption

expenditure vectors.

That is to say that the Central Government 104 × 1 vector is disaggregated into a

104 × 2 matrix (UK and Scottish Government). Combined with the Local Government

vector, 104× 1, the disaggregated Government consumption expenditure is a 104× 3

matrix. This matrix identifies the UK Government, the Scottish Government and the

Local Government purchases of Scottish output, by 104 industries.

Figure 3.3.1 illustrates how the Central Government consumption expenditure vec-

tor from the IxI table is disaggregated. First, data identifying both UK Government

and Scottish Government spending on Scottish industry output are obtained. These

data stem from the Government Expenditure and Revenue Scotland (GERS) publi-

cation (Scottish Government, 2013b). Note that section 3.4 details the data sources

employed in this Chapter.

Figure 3.3.1: Central Government Consumption Expenditure Vector Disaggregation

UK &
Scot Gov
Spending

Data

UK &
Scottish

Government
Shares

Control total

Disaggreg.
Consumption
Expenditure

compute multiplied

Next, the ‘UK & Scottish Government Spending Data’ are transformed to identify

shares for the UK Government and the Scottish Government, respectively. This step

is the ‘computing’ of “UK and Scottish Government Shares” in Figure 3.3.1. Note that

shares for nine industries (out of 104) are computed, which identify UK versus Scottish
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Government consumption expenditure. These nine industries account for 99.96% of

all Central Government expenditure in the IxI table2. The remaining industries are

disaggregated by using the share of UK versus Scottish Government ‘total identifiable

spending’ (Scottish Government, 2013b).

The last step in disaggregating the 104 × 1 Central Government consumption ex-

penditure vector is to multiply the UK and Scottish Government Shares with the control

total. The control total here is the Central Government consumption expenditure vector

from the IxI table (see Central Government purchases of the Activities sector in Table

3.2.2; £19,296m). This produces a 104× 2 matrix which identifies the spending of the

UK Government and the Scottish Government (separately) on Scottish output classi-

fied by 104 industries. Adding the 104 × 1 Local Government vector to this produces

the final 104× 3 matrix, as outlined above.

3.3.2 Disaggregation of the Income and Expenditure Account

The second step in disaggregating the Government account in the 2009 SAM for Scot-

land is the disaggregation of the IncExp accounts. Recall that the IncExp accounts

capture the Household, Corporate, Government, Capital and External accounts. The

disaggregated IncExp accounts identify three Government accounts, the UK, Scottish

and Local Government, and the flows between the disaggregated Government and

the other sectors.

Therefore, the other sectors in the IncExp accounts expand as well in order to

capture the disaggregated Government flows. For example, the Household sector

now needs to identify the flows to and from each of the three Government accounts.

It is sufficient to identify the three Government accounts only in the disaggregated

IncExp accounts as these capture the additional flows to the other sectors. That is

to say by disaggregating, for example, welfare payments to Households from each of

the Government accounts, Household income from the three Government sectors is

identified simultaneously3.
2The GERS data identify spending by sectors, not industries. However, these correspond well to the

SIC07 industry classification of the IxI table. Section 3.4 discusses this in more detail.
3These flows are called “Corresponding Figures” as detailed in chapter 2, section 2.4.3
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The IncExp accounts are disaggregated by splitting the entries from the aggre-

gated IncExp accounts shown in Table 3.2.3. Some of the data used to compute the

entries in the aggregated IncExp accounts identify the three different Government sec-

tors already. That is to say that the data was aggregated for the IncExp accounts of

the base SAM. Hence, some entries are disaggregated by simply utilising the data that

identify different Government sectors already.

For example, direct Household taxation is calculated by adding up the different

Household tax liabilities in the IncExp accounts. In the disaggregated IncExp the de-

volved tax liabilities (see The UK Parliament (1998) and The UK Parliament (2012))

are then assigned to the corresponding (disaggregated) Government sectors.

Other entries from the aggregated IncExp accounts are disaggregated by com-

puting shares for the different Government sectors, which are then multiplied by the

appropriate control total. Note that the control totals are the corresponding entries in

the aggregated IncExp accounts. Overall, the disaggregated entries from Table 3.2.3

match up with the aggregated IncExp accounts. That is to say that collapsing each of

the disaggregated entries to one entry again, reproduces the same values as shown

in Table 3.2.3.

The disaggregated IncExp accounts introduce two unique changes to the structure

of the accounts. First, inter-governmental transfers are now captured and second,

taxes are treated differently. The purpose of disaggregating the Government account

in the SAM is to be able to capture the public sector more accurately and subsequently,

to model shocks to the Scottish economy in more detail. The inter-governmental trans-

fers, i.e. the block grant paid from the UK Government to the Scottish Government as

well as the grants paid from the Scottish Government to the Local Government, are

key to the structure of public finances in Scotland.

With the disaggregation of the Government account, the Tax account needs dis-

aggregating, too. In order to provide a clearer breakdown of which of the three Gov-

ernment accounts receives taxes, the disaggregated IncExp introduces a ‘UK Tax’, a

‘Scottish Tax’ and a ‘Local Tax’ account. This change in the treatment of the tax ac-
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count also sets the Government SAM up to capture different fiscal arrangements for

Scotland, such as under the Scotland Act 2012 (The UK Parliament, 2012). Chapter 6

models degrees of fiscal devolution using a number of appropriately modified SAMs.

Table 3.3.1 is a stylised Government account in the aggregated versus the disag-

gregated IncExp accounts. The left-hand-side shows the “Unified Government”, which

is the same as the Government sector in Table 3.2.3. The right-hand-side is a repre-

sentative Government account of the “Disaggregated Government” sectors, here the

Scottish Government.

Table 3.3.1: A Representative Government Account in the Aggregated versus the Dis-
aggregated IncExp Accounts for Scotland

Unified Government Disaggregated Government

Income Expenditure Income Expenditure
Profit Income (OVA) IO Expenditure Profit income (OVA) IO Expenditure
Net Commodity Taxes Payments to Corporations Scottish Taxes Payments to Corporations
Income from Households Payments to Households Payments to Households
Income from Corporations Transfers to RUK Transfers to RUK

Transfers from UK Gov Transfers to ROW
Transfers from Local Gov Transfers to UK Gov

Income from RUK Income from RUK Transfers to Local Gov
Payments to Capital Payments to Capital

The three notable differences in the structure between the two IncExp accounts are

the treatment of taxes, the inter-governmental transfers and also the disaggregation of

the transfers to the External sector flows. As stated above, the disaggregated IncExp

accounts, and therefore the disaggregated SAM, identify regional taxes, here “Scottish

Taxes”. The “Net Commodity Taxes”, “Income from Households” and “Income from

Corporations” are aggregated to the corresponding regional Tax account. That is to

say that the Household and Corporate account now show expenditures on the “UK

Tax”, “Scottish Tax” and the “Local Tax” account , as discussed below.

Additionally, the “Disaggregated Government” account captures the inter-governmental

flows. Here, these are the transfers from the UK Government and from the Local Gov-

ernment as well as transfers to these Government accounts (see Table 3.5.1 for the
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actual figures for the Government sectors in the disaggregated IncExp accounts). Note

that these are not captured in the aggregated IncExp accounts, but that the transfer

payments in the disaggregated IncExp net out when compared with the aggregated

IncExp accounts.

As mentioned above, the last difference between the two IncExp accounts in Ta-

ble 3.3.1 is that the disaggregated Government account captures transfer payments

to ROW and RUK. The aggregated account identified RUK transfers only. During the

disaggregation process, this Chapter identified that some of the ‘non-identifiable’ pay-

ments captured under the “Transfers to RUK” are actually “Transfers to ROW”. This

entry is detailed further in section 3.5.2. This change is motivated by the aim of pro-

viding a more detailed public sector in the Scottish SAM framework.

Most entries that are on both the income and expenditure side under the “Unified

Government” and under the “Disaggregated Government” (see Table 3.3.1) match up

on aggregate. These entries are for the income side: Profit Income, Income from

Households and Income from Corporations. For the expenditure side: IO Expenditure,

Payments to Corporations, Payments to Households and Payments to Capital. That

is to say that the combined entries for the disaggregated entries are equal to the

aggregated ones from Table 3.2.3.

As noted above, the disaggregated IncExp accounts incorporate inter-governmental

transfers. As a result of these changes, the combined total of the Government account

increases. Hence, the totals of the aggregated IncExp accounts do not match those of

the disaggregated one. Note that collapsing the disaggregated IncExp accounts again

to one Government sector would result in the same totals as in the aggregated IncExp

accounts, since the inter-governmental transfers would simply net out.

The additional information contained in the disaggregated IncExp accounts result

in changes to the SAM framework. Table 3.3.2 is a stylised aggregated SAM for Scot-

land with one Domestic sector4, one Government sector, one Tax account and one

4The Domestic Sector captures, inter alia, all industries, Households, Corporations and the Capital.
Essentially all sectors, apart from the Government, Tax and External (RUK + ROW) sectors.
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external sector. This is the aggregated SAM structure representing the “Unified Gov-

ernment” in the IncExp accounts from Table 3.3.1, hence this is a stylised version of

the SAM in Table 3.2.1.

The ‘x’s in Table 3.3.2 mark the SAM entries that flow into the SAM from the Gov-

ernment sector in the aggregated IncExp accounts. These entries are the Government

transfers to the Domestic and to the External sector as well as tax payments by the

Domestic and the External sector to the Government and to the Tax account. Also, the

transfer of tax income to the Government account is identified here. See section 3.2

for a detailed breakdown of these flows.

Table 3.3.2: Stylised Aggregated SAM for Scotland
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Domestic Sector - x - -

Government x - x x

Taxes on Expenditure x - - x

External Sector - x - -

Table 3.3.3 is a stylised disaggregated SAM for Scotland, which contains one do-

mestic and one external sector as in the SAM in Table 3.3.2. But here, the additional

and amended public sector flows of funds from the disaggregated IncExp accounts

are also identified in the SAM. Table 3.3.2 shows the UK Government, Scottish Gov-

ernment and Local Government as well as the UK Tax, Scottish Tax and Local Tax

account.
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Table 3.3.3: Stylised Disaggregated SAM for Scotland
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Domestic Sector - x x x - - - -

UK Government - - - - X - - x

Scottish Government - X - - - X - -

Local Government - - X - - - X -

UK Tax X - - - - - - X

Scottish Tax X - - - - - - X

Local Tax X - - - - - - X

External Sector - x - - - - - -

The stylised disaggregated SAM contains the information of the disaggregated

Government sector. Note that Table 3.3.3 captures the flows from the disaggregated

IncExp accounts for all Government sectors. That is the transfers from the “Disag-

gregated Government” IncExp accounts in Table 3.3.1, but for the UK Government,

Scottish Government and Local Government (Table 3.3.1 only showed the Scottish

Government for illustrative purposes).

The lower case ‘x’s in Table 3.3.3 identify flows of funds that are also captured (on

aggregate) in Table 3.3.2. The capital ‘X’s mark flows of funds that differ to those in

the aggregated SAM. All entries are described below.

Table 3.3.2 identifies payments from the Government to the Domestic sector and

these are also captured in the disaggregated SAM, but split between the three Govern-

ment. Next, the Domestic sector makes payments to the Government in Table 3.3.2.

These are mainly direct tax payments from Households and Corporations. Table 3.3.3

captures these tax payments differently, in that they are combined with the Domestic

sector’s payments to the “Taxes on Expenditure” account.

In Table 3.3.3, the Domestic sector makes payments to the three different Tax ac-
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counts (UK Tax, Scottish Tax and Local Tax) and this captures both direct and indirect

tax payments. Similarly, Table 3.3.2 identified tax payments from the External sector

to the “Taxes on Expenditure” account. These are disaggregated by the three Tax

accounts in Table 3.3.3.

Note that the External sector’s payments to Government are a transfer payment,

i.e. not a tax payment, that covers the shortfall of public revenue receipts versus

public expenditure in Scotland. This is allocated as an External Sector transfer to the

UK Government in Table 3.3.3 and not disaggregated to the other Governments (see

section 3.5.2 for further details on this entry).

Table 3.3.2 identifies a payment from the Government to the External sector, which

is retained in Table 3.3.3 as a UK Government payment. This entry captures the ‘non-

identifiable’ spending component of public sector expenditure in Scotland. It is UK

Government spending that is done on behalf of Scotland, but not necessarily spent

in Scotland, as for example spending on international embassies and consulates (see

section 3.5.2 for further details on this entry).

Table 3.3.3 captures Government-to-Government transfers, which were not identi-

fied in Table 3.3.2. These are the block grant payment from the UK Government to the

Scottish Government and the grants payments from the Scottish Government to Local

Authorities (Local Government).

Finally, the “Net Commodity Taxes” sector transfer payment to the Government in

Table 3.3.2. This is simply the tax revenue that is ‘paid’ to the Government, which

Table 3.3.3 captures as the disaggregated Tax payments from the three Tax accounts

to the three Government accounts.

3.4 Data

The Government and Tax account disaggregated SAM (Government SAM) employs

the framework of the 2009 SAM for Scotland (base SAM) from chapter 2. Hence, the

disaggregated accounts employ the same data sources as the base SAM. However,
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the disaggregation of some entries requires additional data to compute shares. These

shares are computed using data from GERS and are then multiplied with the control

totals from the base SAM. Additionally, the inter-governmental transfers are based on

external sources.

3.4.1 GERS

The Government Expenditure and Revenue Scotland (GERS) publication is produced

annually by the Scottish Government. It provides estimated national accounts for Scot-

land, which are based on the official National Accounts for the UK. GERS is the proxy

for Scottish national accounts, since there are no official inter-regional fiscal accounts

for the UK (Scottish Government, 2013b).

GERS data are largely based upon the Country and Regional Analysis (CRA),

which is part of the Public Expenditure Statistical Analysis (PESA). These are pub-

lished by the HM Treasury on an annual basis. CRA/PESA do identify some data on

a regional basis, including for Scotland, but other variables are only available at the

UK-level (Treasury, 2012; Scottish Government, 2013b).

Where data for Scotland have to be computed, GERS aims at providing robust

estimates, which match the UK National Accounts. Hence, the accounting standards

employed by GERS are the same as used by the UK Government, the European

System of Accounts 1995 (Scottish Government, 2013b).

GERS provides data for three broad categories. First, it identifies tax revenue

raised, second, it estimates total expenditure on public services for Scotland and third,

it calculates the balance between revenues raised in Scotland and public expenditure.

GERS captures the categories above both in totals as well as by UK versus Scottish

revenue & expenditure. Note that the ‘Scottish’ level is a combination of both Scottish

Government and Local Authorities in Scotland, i.e. Scottish and Local Government

(Scottish Government, 2013b).

Revenue figures, i.e. taxes, are estimates of the financial burden imposed on either

residents or businesses in Scotland. Expenditure figures, on the other hand, are esti-
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mated through identifying the benefit for Scotland. That is to say that the beneficiaries

(people, businesses or organisations) of the payments from the UK, Scottish or Local

Government have to be based in Scotland (Scottish Government, 2013b).

The Government SAM uses GERS specifically to compute the shares for the disag-

gregation of the Central Government consumption expenditure vector in section 3.5.1

(Scottish Government, 2013b).

3.4.2 Other Data Sources

The inter-governmental transfers are computed through data from two additional sources.

First, the ‘block grant’ which the UK Government pays to the Scottish Government is

from the Scotland Office (Scotland Office, 2012). This is a letter detailing the annual

payments and was provided in response to a ‘Freedom of Information’ request. The

source of the data is the Scotland Office.

Second, the total grant payment from the Scottish Government to the Local Gov-

ernment comes from the ‘Scottish Local Government Financial Statistics 2009-10’

publication (Scottish Government, 2011c). These are the official Scottish Government

data for the Scottish Local Authorities, i.e. Local Government accounts. They are pub-

lished annually and detail the different grants that the Scottish Government transfers

to the Local Government to fund its operations.

Note that the grant payments from the two sources above are estimated since they

are published in financial year format. The Government SAM is based on the 2009

calendar year, however. Thus the data are transformed by summing up a quarter

share of 2008-09 data with a three quarter share of 2009-10 data. This method is

employed throughout the SAM construction and disaggregation in this thesis.

3.5 Disaggregation of the Government Sector in the SAM

Section 3.3 outlined the method developed and employed in this chapter to disag-

gregate the Government and the Tax accounts in the 2009 SAM for Scotland. This
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section disaggregates the base SAM by Government and by Tax. First, the Govern-

ment Consumption Expenditure vector is disaggregated. Next, the IncExp accounts

are disaggregated to identify three Government accounts and three corresponding Tax

accounts.

3.5.1 Disaggregation of the Government Consumption Expenditure Vec-

tor

Table 3.2.1 shows the total Government consumption expenditure of £29,486m. This is

the 2009 figure for Government spending on Scottish industry output (104 industries),

here aggregated to the “Activities” sector. The Government consumption expenditure

is a 104 × 1 vector, which is the sum of the ‘Central Government’ and ‘Local Govern-

ment’ consumption vectors from the IxI table. Thus, the IxI table already identifies

the Local Government element of the Government consumption expenditure by 104

industries.

The Central Government vector captures both UK Government and Scottish Gov-

ernment spending. This needs to be disaggregated in order to identify spending by the

three Government accounts. Table 3.2.2 shows that Central Government spending on

Scottish industry output, here the “Activities” sector, is £19,926m for 2009.

Local Government spending on the “Activities” sector is £10,190m. Hence, the IxI

table identifies the Local Government share of the total Government consumption ex-

penditure vector for all 104 industries. The data provided by the IxI table is considered

fixed, which is an assumption made for all elements of SAM computations through-

out this thesis. That is to say that the Local Government share of the aggregated

Government spending from the IxI table is fixed.

The next step is to identify the split between the Scottish Government and the UK

Government for the ‘Central Government’ entry. Since, the IxI table does not pro-

vide details on which elements of Central Government spending are attributed to the

Scottish Government and which to the UK Government, external data are used to

disaggregate Central Government spending.
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There are limited data that identify a UK versus Scottish Government split for Gov-

ernment consumption expenditure. However, GERS distinguishes public sector ex-

penditure with a UK versus Scottish Government split on seven sectors5 which cor-

respond to the industry classification of the IxI table and the SAM. These seven sec-

tors/industries make up over 99.6% of total Government consumption expenditure in

the IxI table. The GERS data are employed to compute the seven industry specific

shares and a total ‘Identifiable Expenditure’ share is used to disaggregate the remain-

ing Central Government spending on Scottish industry output.

Note that the GERS data are utilised to compute the ratio of Scottish versus UK

Government spending, only. The sector totals in GERS do not match the industry to-

tals in the IxI table, which is why they cannot be used to compute the UK and Scottish

shares directly (Scottish Government, 2013c, 2013b). That is to say that, the UK Gov-

ernment share stemming from GERS and the Local Government share stemming from

the IxI table cannot be utilised without further transformations. Below is an example.

The total Government spending on the “Public Administration” sector’s output is

£11,050m in the IxI table and £10,623m in GERS. The IxI table identifies the Cen-

tral Government spending on this sector’s output of £8,548m and Local Government

spending of £2,503m. Note figures subject to rounding. GERS data identify combined

Scottish Government and Local Government spending on “Public Administration” of

£3,434m and UK Government spending of £7,193m.

Expressed in shares, the IxI table gives a Central Government share of 77.4%

and a Local Government share of 22.6% on “Public Administration” spending. GERS

data identify Scottish Government and Local Government spending at 32.3% of total

Government spending on “Public Administration” and UK Government spending on

this sector of 67.7%.

The IxI table and GERS therefore provide a share for the Local Government con-

sumption expenditure on “Public Administration” and a share for UK Government spend-

ing on that sector. The two shares are 22.6% and 67.7%, respectively. Using these
5These seven sectors are: Film, Video & TV; Broadcasting; Business Support Services; Public Ad-

ministration & Defence; Education; Health; Cultural Services (Scottish Government, 2013c, 2013b)
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shares, the remaining percentage of Government spending, i.e. Scottish Government

spending, would be 9.7%.

Applying these shares to the total of Government consumption expenditure on the

“Public Administration” sector (from the IxI table) gives: UK Government spending of

£7,480m, Scottish Government spending of £1,068m and Local Government spending

of £2,503m.

These figures do not correspond with the Local Government as well as the Scottish

Government budget figures. These show, that Local Government spending is around

£2.5bn, but that Scottish Government spending on the “Public Administration” sector

is larger than Local Government spending. The figure in the Scottish budget is around

£2.7bn (Scottish Government, 2008, 2011c). Therefore, the GERS data are utilised to

compute the ratio of UK Government versus Scottish Government spending only.

The disaggregation of the Central Government consumption expenditure vector

is detailed below. First, this is done by outlining the general method, second, by

disaggregating the Central Government spending on the “Public Administration” sector

as an actual example.

The first step in the disaggregation of the Central Government consumption ex-

penditure vector, is to identify the Government shares from the IxI table. The Local

Government share (Local Share) is calculated,

Local Share =
IxILocal

(IxILocal + IxICentral)
(3.5.1)

The Local Share is the ratio of the total spending of the Local Government (on a

particular industry) divided by the combined total spending of Local Government and

Central Government. The Local share is calculated through IxI data. Next, the Central

Share is derived,

Central Share = 1− Local Share (3.5.2)
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where the Central Share is the difference between the combined total spending

(Local Government and Central Government) minus the Local Share calculated in

Equation 3.5.1.

Next, the UK and Scottish shares need to be identified, in order to split the Central

Government consumption expenditure vector,

UK Share =
GERSUK

(GERSUK +GERSScotland)
× Central Share (3.5.3)

The UK Share is the ratio of UK versus combined (Scottish and UK) spending from

GERS, multiplied by the Central Share from Equation 3.5.2. Dividing the UK spending

by the combined spending on an industry from GERS, produces a ratio identifying

GERS spending only, which, as stated above, does not match the IxI figures. Hence,

this ratio is multiplied by the Central Share in order to transform it to match the total

IxI spending data. That is to say that the Local Share+ScottishShare+UK Share =

100%.

The Local Share and the UK Share are computed above, thus the ScottishShare

is,

ScottishShare = 1− UK Share− Local Share (3.5.4)

where the ScottishShare is the difference between total Government spending

minus the shares of UK and Local Government spending. Note that the Local Share

is considered as ‘given’ since it is computed from IxI table data. The UK Share is

transformed, as outlined above, as it did not come from the IxI table.

However, identifying the Government shares only does not suffice to split the Cen-

tral Government spending data from the IxI table. The last step is to compute the ratio
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of Scottish spending versus UK spending of the total Central Government spending.

That is to say, the Scottish and UK ratio combined need to identify 100% of Central

Government spending. The ScottishRatio then is,

ScottishRatio =
ScottishShare

(ScottishShare+ UK Share)
(3.5.5)

which is the ratio of the ScottishShare divided by the combined ScottishShare

and UK Share. The UK Ratio is the difference of the total minus the ScottishRatio,

UK Ratio = 1− ScottishRatio (3.5.6)

The ScottishRatio and the UK Ratio split all of Central Government spending.

These ratios are computed for each industry separately (see Table 9.4.2 for the ac-

tual values of each industry’s UK versus Scottish Government split). Note that the

UK Share, ScottishShare and Local Share, do identify all of Government spending

on one sector, but the ratios are computed to split the Central Government spending

only.

To help illustrate the above method, the “Public Administration” share/ratio is cal-

culated below.

The Local SharePA is,

22.65% =
2, 503

(2, 503 + 8, 548)
(3.5.7)

Hence the Central SharePA is,

77.35% = 1− 22.65% (3.5.8)
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Using the data from GERS, the UK SharePA is computed,

52.36% =
7, 193

(7, 193 + 3, 434)
× 77.35% (3.5.9)

Next, the ScottishSharePA simply is,

24.99% = 1− 52.36%− 22.65% (3.5.10)

Note that the UK Share and the ScottishShare are not sufficient to split the Cen-

tral Government spending. They account for a combined 77.35% (24.99% + 52.36%)

of all of Government spending on “Public Administration”. Hence, in order to split

the Central Government spending from the IxI table, the Scottish and UK ratios are

calculated. The Scottish ratio is,

0.32 =
24.99%

(24.99% + 52.36%)
(3.5.11)

and the UK ratio is,

0.68 = 1− 0.32 (3.5.12)

These ratios enable the disaggregation of the Central Government spending on

“Public Administration”. The figure from the IxI table is £8,548m, which becomes

£5,786m for the UK Government (ratio of 0.68 of Central Government spending) and
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£2,762m for the Scottish Government (ratio of 0.32 of Central Government spending).

The Local Government spends £2,503m on “Public Administration”. This equals the

combined £11,050m from the 2009 SAM for Scotland (see chapter 2). Note that all

figures are subject to rounding.

3.5.2 Disaggregation of the Income and Expenditure Account

Table 3.3.1 outlines the differences between the aggregated (2009 SAM for Scotland)

and the disaggregated (Government SAM) IncExp accounts. This section disaggre-

gates the “Unified Government” IncExp, which is done by disaggregating each entry

individually.

Table 3.2.3 gives the actual values of the aggregated IncExp accounts, which is

the “Unified Government” account from Table 3.3.1. The first entry on the income side

is the sum of the corresponding cells below, which is £63,530m in Table 3.2.3. This

figure is equal to the total Government expenditure, which is a control total derived

from GERS and PESA data (Scottish Government, 2013b; Treasury, 2012). Note

that the disaggregated Government total (across all three Governments) differs from

the £63,530m since inter-governmental transfers are included in the disaggregated

accounts.

Income

The “Profit Income” (Cell 31 in Table 3.2.3) is computed from the ‘Gross Operating

Surplus’ from industries which derive most of their revenue through Government con-

tracts6. For a detailed computation of each of the IncExp accounts entries, refer to

chapter 2 and Appendix 2. The focus here is on the disaggregation only.

Note that the disaggregation of both the “Profit Income” entry as well as the “Pay-

ments to Capital” entry is based on the data that is utilised for the computation of

both entries in the 2009 SAM for Scotland (see chapter 2). As a result, the disag-

gregated SAM captures, on aggregate, the same information as the aggregated SAM.
6These industries are: Water & Sewerage; Public Administration & Defence; Education; Health;

Residential Care; Social Work
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The derivation for the “Profit Income” entry as well as for the “Payments to Capital”

entry should be subject to review for future Scottish SAMs, however.

For the disaggregation of the “Profit Income” cell, a visual check of the Government

consumption expenditure (see section 3.5.1) reveals which industries are linked with

which Government accounts. For example, Industries 95) Residential Care and 96)

Social Work, provide goods & services to the Local Government only. Hence, the

‘profit’ or ‘Gross Operating Surplus’ from these industries are assigned solely to the

Local Government in the disaggregated IncExp accounts.

Some industries are linked to more than one Government account, however. These

are: Education, Health and Public Administration & Defence. In order to assign the

‘profit’ share to the multiple Government accounts that are linked with these industries,

shares are computed, which are multiplied by the corresponding industries’ ‘Gross

Operating Surplus’ from the IxI table. The IxI figure is the control total in these calcu-

lations.

The shares are derived through the relevant Government consumption expenditure

entries. For example, ‘Education’ industry’s output is purchased by all three Govern-

ments. According to the disaggregated Government consumption expenditure, the UK

Government spent £2.5m, the Scottish Government £683.1m and the Local Govern-

ment spent £3,588m on ‘Education’.

The share for each of the Governments’ is the ratio of their individual consumption

expenditure over the sum of all Government consumption expenditure on the industry,

here ‘Education’. The UK Government share for Education is,

UKEducation =
2.5

2.5 + 683.1 + 3, 588
= 0.06% (3.5.13)

The Scottish Government’s share for Education is,
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UKEducation =
683.1

2.5 + 683.1 + 3, 588
= 15.98% (3.5.14)

The Local Government’s share for Education is,

UKEducation =
3, 588

2.5 + 683.1 + 3, 588
= 83.96% (3.5.15)

These shares are multiplied with the control total from the IxI table, the ‘Gross Op-

erating Surplus’ of £462.7m. Therefore, the Profit/OVA income for the UK Government

is,

0.06%× 462.7 = 0.27 (3.5.16)

The Scottish Government’s OVA income share for Education is,

15.98%× 462.7 = 73.96 (3.5.17)

The Local Government’s OVA income share for Education is,

83.96%× 462.7 = 388.47 (3.5.18)

The method above is also applied to compute the OVA income for the Health and

Public Administration industries. The total OVA income of £3,697m (see Table 3.2.3)
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is disaggregated to: UK Government = £529m, Scottish Government = £1,780m and

Local Government = £1,388m.

The next entry in the IncExp accounts (see Table 3.2.3) is the “Net Commodity

Taxes”. This entry stems from data on taxes in the IxI table and includes various direct

and indirect taxes7. The next two entries in the IncExp accounts, “Income from House-

holds” and “Income from Corporations” capture direct tax payments from Households

and from Corporations8, respectively.

The disaggregated IncExp accounts (as well as the disaggregated SAM) change

the way that taxes are captured compared to the base SAM. All taxes flow into one

‘Tax account’ for each Government, i.e. there are the “UK Tax”, “Scottish Tax” and the

“Local Tax” account now. This simplifies the analysis, in particular, of different stages

of tax devolution as well as modelling the devolution of taxes to Scotland in a SAM

model approach (see chapter 6).

Each of the Tax accounts’ captures both direct and indirect taxes. This new system

still identifies the origin of the taxes, i.e. who pays taxes, in the SAM. However, it

distinguishes now more clearly which Government is assigned collection and revenue

of the tax payments from the private sectors in the SAM framework. Also, taxes are

still part of the corresponding Government’s income.

According to the IncExp accounts, the aggregate total of taxes paid in Scotland

in 2009 is £39,792m (see Table 3.2.3). The Government SAM captures the fiscal

arrangement between Scotland and the UK for 2009. Hence, there are only two taxes,

which are devolved to Scotland: the Council tax and the Non-Domestic rates. Both of

these taxes are collected by the Local Government.

The disaggregated IncExp accounts identify that £35,221m of taxes are “UK Taxes”,
7These taxes are: Aggregates levy; Agriculture levies; Air passenger duty; Alcohol duties; Betting,

gaming and lottery duties; Channel 4 funding; Climate change levy; Fossil fuel levy; Gas levy; Hydro
benefit tax; Hydrocarbon oils duty; Insurance premium tax; Landfill tax; Lottery fund; Protective duty on
imports; Renewable obligation certificates; Stamp duties; Strategic Rail Authority rail franchise premia;
Sugar levy; Tobacco duty (Scottish Government, 2011a)

8The Household taxes are: Income Tax; Capital Gains Tax; Inheritance Tax; Council Tax; Social
Security Contributions (NI). The Corporate taxes are: Corporation Tax; Non-Domestic Rates; Other Taxes
and Royalties; Interest and Dividends(Emonts-Holley et al., 2014)
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i.e. these taxes are collected by UK Government authorities and are also part of the UK

Government’s income. The Council tax (paid by Households) and the Non-Domestic

rates (paid by Corporations) generate a combined £3,761m, and these are “Local

Taxes” in the disaggregated IncExp accounts (The UK Parliament, 1998).

Note that the combined total of the UK and Local Tax account is £38,982m9. The

Scottish Government is not assigned any taxes here. However, further stages of fis-

cal devolution for Scotland, for example through the fiscal changes contained in the

Scotland Act 2012 (The UK Parliament, 2012) are modelled in chapter 6.

The disaggregation of taxes is straightforward, as it simply requires taxes to be as-

signed to the responsible Government’s corresponding Tax account. This allows both

for a clearer analysis of the state of tax devolution for 2009 and any future changes to

the fiscal arrangement for Scotland.

The last item on the income side of the IncExp accounts (Table 3.2.3) is the “In-

come from RUK” of £20,112m. This is the balancing item of the Government account.

That is to say that all other entries in the Government account are based on actual

figures, whereas the balancing item is used to ensure that total income matches total

expenditure.

Although the “Income from RUK” does not stem from an actual figure, it is close to

the revenue support that Scotland receives from the UK. GERS identifies total public

sector income from Scotland as well as total expenditure in or on behalf of Scotland.

It shows that there is a shortfall of £19,152m10, i.e. the public sector expenditure is

bigger than it’s income from Scotland (Scottish Government, 2013b). Recall that all IxI

and SAM figures used here exclude North Sea revenue, e.g. North Sea oil income is

excluded.

9The difference compared to the IncExp accounts from the 2009 SAM is due to the treatment of
the Stamp Duty. This was previously captured by both the “Net Commodity Tax” and the “Income from
Households” entries. Note that this adjustment to the Tax account results in the Household account’s
balancing item to increase by the same amount as the adjustment in the Tax account.

10The annualised total public sector income is £42,124m and the annualised expenditure figure is
£61,275m (Scottish Government, 2013b).
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The “Income from RUK” remains the balancing item for all three Government ac-

counts. This is therefore calculated as the last entry, after all other entries are com-

puted/disaggregated. The value for this entry in the disaggregated IncExp accounts is

discussed at the end of this section.

The above is the disaggregation of the income side from the IncExp accounts of

the 2009 SAM (see Table 3.2.3). The additional entries in the disaggregated IncExp

accounts (see the comparison in Table 3.3.1) are also discussed at the end of this

section when the disaggregated IncExp accounts are analysed.

Expenditure

As mentioned above, the total Expenditure (£63,530m in Table 3.2.3) is the sum of the

cells below. This figure is at the same time the control total for the sum of all Govern-

ment expenditure. The control total for all of Government expenditure increases in the

disaggregated IncExp, since inter-governmental transfers are now included. These

are discussed for each Government account below.

The “IO Expenditure” entry (cell 38 in Table 3.2.3 of £29,486m) is the Government

consumption expenditure. This entry is disaggregated above in section 3.5.1. The

“IO Expenditure” for the UK Government is £5,924m, for the Scottish Government is

£13,371m and for the Local Government is £10,190m.

The “Payments to Corporations” entry is the balancing item for the Government

expenditure side in the aggregated IncExp accounts. In the disaggregated IncExp,

the aggregate figure for this entry is held constant. However, it is split between the

UK Government and the Scottish Government only. This is because the “Payments

to Corporations” item corresponds to UK and Scottish Government expenditures on,

for example, ‘Business and Enterprise development’ (Scottish Government, 2013b;

Treasury, 2012). Note that the Local Government balancing item in the disaggregated

IncExp accounts is the “Income from RUK”, discussed below.

The next entry in the IncExp accounts to be disaggregated is the “Payments to

Households”. These are the welfare/benefit payments that the Government pays
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Households. Under the Scotland Act 1998 (The UK Parliament, 1998) some of these

welfare payments are devolved to Scotland, which are the responsibility of the Local

Government. The Scottish Government does not make welfare payments here.

The UK Government pays welfare items such as, state pensions, income support

and other social protection. The total for this is £13,519m in the disaggregated Inc-

Exp accounts. The Local Government is partly responsible for welfare payments to-

the elderly, children as well as housing support. The total for the Local Government’s

“Payments to Households” is 6,316m. These payments are disaggregated by sim-

ply assigning the welfare payments to the corresponding Government account. The

IncExp accounts of the 2009 SAM identify these payments in its calculation already.

Table 3.2.3 shows that the next entry on the expenditure side is the “Transfers

to RUK” of £8,368m. This item captures the “Non-Identifiable” services that the UK

Government provides on behalf of Scotland. This spending category includes sev-

eral areas of public sector expenditure, such as defence and public sector debt inter-

ests (Scottish Government, 2013b). The disaggregated IncExp still assigns all of this

spending to the UK Government.

The transfer payments to the External (RUK and ROW) sector are split further in

the disaggregated IncExp accounts, however. The “Non-Identifiable” spending item

does include payments that the UK Government does on behalf of Scotland, which

flow to the ROW. These are ‘International Services’, ‘Public Sector Debt Interest’ and

‘Defence’.

Hence, the “Transfers to RUK” are adjusted to £6,626m and the “Transfers to ROW”

make up the remaining £1,741m. The total transfer payments to the External sector

are held constant at £8,368m.

The last expenditure item is “Payments to Capital (Savings)”. It is the sum of “Gross

Fixed Capital Formation” (GFCF) of the sectors linked to the public sector from the IxI

table, as discussed for the OVA entry above. That is to say that the industries are the

same as for the OVA entry. The method is also the same, where visual inspection
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of the Government consumption expenditure confirms which Government account is

linked to each industry.

Where only one Government account purchases the output of one industry, the

GFCF is solely assigned to that Government sector. Where there are multiple Gov-

ernment accounts, a share is derived, which is multiplied by the control total, i.e. the

GFCF entry from the IxI table. The industries’ which are linked to the public sector

here, are the same as under the OVA.

Table 3.5.1 shows part of the disaggregated IncExp accounts; the UK Government,

Scottish Government and Local Government. The layout of the disaggregated IncExp

is equal to the right-hand side of Table 3.3.1, and is discussed in section 3.3.2.

As noted above, the combined Government total is larger in the disaggregated

IncExp/SAM, due to the inclusion of inter-governmental transfers. The UK Government

paid a block grant of £25,303m to the Scottish Government in 2009 (Scotland Office,

2012), which is recorded as both a payment in the UK Government’s account as well

as under the Scottish Government’s income side.

The Scottish Government paid a total of £10,644m as grant money to the Local

Government in 2009. Again, note that this is an expenditure of the Scottish Gov-

ernment and an income for the Local Government in Table 3.5.1. The combined

Government total is the sum of the UK Government total of £55,862m, the Scottish

Government total of £27,082m and the Local Government total of £16,531m. Hence,

the combined Government total is £99,475m in the disaggregated accounts.
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Table 3.5.1: Disaggregated Income-Expenditure Accounts for Scotland (in £million)

UK GOVERNMENT

35. Total Income 55,862 41. Total Expenditure 55,862
36. Profit income (OVA) 529 42. IO Expenditure 5,924
37. UK Taxes 35,221 43. Payments to Corporations 2,660

44. Payments to Households 13,519
45. Transfers to RUK 6,626

38. Transfers from Scottish Government - 46. Transfers to ROW 1,741
39. Transfers from Local Government - 47. Transfers to Scottish Government 25,303
40. Income from RUK 20,112 48. Transfers to Local Government -

49. Payments to Capital 89

SCOTTISH GOVERNMENT

50. Total Income 27,082 56. Total Expenditure 27,082
51. Profit income (OVA) 1,780 57. IO Expenditure 13,371
52. Scottish Taxes - 58. Payments to Corporations 3,062

59. Payments to Households -
60. Transfers to RUK -

53. Transfers from UK Government 25,303 61. Transfers to ROW -
54. Transfers from Local Government - 62. Transfers to UK Government -
55. Income from RUK - 63. Transfers to Local Government 10,644

64. Payments to Capital 5

LOCAL GOVERNMENT

65. Total Income 16,531 71. Total Expenditure 16,531
66. Profit income (OVA) 1,388 72. IO Expenditure 10,190
67. Local Taxes 3,761 73. Payments to Corporations -

74. Payments to Households 6,316
75. Transfers to RUK -

68. Transfers from UK Government - 76. Transfers to ROW -
69. Transfers from Scottish Government 10,644 77. Transfers to UK Government -
70. Income from RUK 738 78. Transfers to Scottish Government -

79. Payments to Capital 25

The disaggregated IncExp balances, i.e. each account’s total income is equal

to its total expenditure. Each of the items in Table 3.5.1 flows direct into the Gov-

ernment SAM. The SAM balances automatically, since the disaggregated accounts

balance. The disaggregated IncExp provide a more detailed snapshot of the public

sector in Scotland in 2009 and enable more accurate modelling of the Scottish econ-

omy through a SAM model and/or a CGE model.
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3.6 The Disaggregated Government Sector in the SAM

Table 3.6.1 is the Government and Tax account disaggregated 2009 SAM for Scot-

land. It captures the flow of funds of three Government accounts, the UK Government,

Scottish Government and the Local Government, as well as three corresponding Tax

accounts, UK Tax, Scottish Tax and Local Tax. The Government SAM classifies Scot-

tish output by 104 industries, which are aggregated as the “Activities” sector in Table

3.5.1.

The disaggregation of the Government and the Tax account produces a SAM,

which contains the same flows between the other sectors of the economy like the

2009 SAM for Scotland from chapter 2.

The disaggregated Government consumption expenditure as well as all entries

from the disaggregated IncExp accounts flow into the SAM in Table 3.5.1. The Gov-

ernment SAM shows that the Scottish Government is the largest purchaser of Scottish

industry output at £13,372m. The Local Government’s total consumption expenditure

is £10,190m the UK Government’s spending is £5,924m.

Table 3.5.1 identifies that the UK Government is the largest of the public sector’s

in Scotland with a total of £55,862m. Second to that is the Scottish Government

with a total of £27,082m and the Local Government is the smallest in terms of total

income/expenditure with £16,531.

The UK Government is also the largest contributor to welfare payments to House-

holds with £13,519m and the Local Government is responsible for another £6,316m.

The Government SAM captures inter-governmental transfers, which is new infor-

mation that Scottish SAMs traditionally did not include (Hermannsson, 2012). Table

3.5.1 identifies the transfer payments, i.e. the ‘block grant’, from the UK Government

to the Scottish Government at £25,303m. In turn, the Scottish Government pays a

total of £10,644m in grants to the Local Government.

As stated above, the inclusion of inter-governmental transfers inflates the com-

bined Government total when compared with the base SAM from chapter 2 (£99,475m
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compared to £63,530m). However, the inter-governmental transfer payments are an

important piece of information when analysing the Scottish economy’s public sector.

Especially in light of the (proposed) future changes to the Scottish budget, the bal-

ance between Scottish tax powers and block grant money is key. Including the transfer

payments here allows for the Government SAM to be adjusted to include “Scottish

Taxes”, such as the Scottish Rate of Income Tax (SRIT), and this to be balanced out

with a reduction in the block grant (The UK Parliament, 1998, 2012). Furthermore,

capturing these changes is allows SAM (and potentially CGE) modelling to evaluate

the benefits of a more devolved fiscal framework for Scotland.

The other significant change to the traditional Scottish SAM framework, is the dis-

aggregation of the Tax account in the Government SAM. The tax payments to the

“Taxes on Expenditure” row (see Table 3.2.1) are now captured under the “UK Tax”

row (see Table 3.5.1). This includes the £4,779m paid by the “Activities” sector as well

as £322m from the External sector.

Note that the new treatment of taxes combines the flow of taxes for some sectors.

For example, Households made payments to the “Taxes on Expenditure” sector as well

as direct payments to Government in Table 3.2.1. These payments are both captured

under Households paying £25,356m in taxes to the “UK Tax” account.

Additionally, the split of Tax accounts for each of the Governments operating in

Scotland (UK Tax, Scottish Tax and Local Tax) allows devolved taxes to be tracked

in the SAM framework now. For example, the payments from Households to Govern-

ment in Table 3.2.1 included taxes devolved to the Local Government. These are now

captured under the “Local Tax” account (of £1,961m) in Table 3.5.1.

The Government SAM also clearly identifies the total of regional taxes, with £35,221m

for the “UK Tax” account and £3,761m fior the “Local Tax” account. The total tax in-

come flows to the corresponding Government sector in the SAM as income.

In summary, the Government SAM provides greater detail on the public sector in

Scotland. The disaggregation of both the Government and the Tax account creates a
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clearer framework for adjusting the changing fiscal framework for Scotland. That is to

say that, the Government SAM can be adjusted to clearly show, for example, the tax

and block grant changes of both the Scotland Act 2012 as well as the current Scotland

Bill (The UK Parliament, 2012, 2015). This is done in chapter 6.

3.7 Conclusion

This chapter disaggregated the unified Government and Tax account of the 2009 SAM

for Scotland (chapter 2) to identify three Government accounts and three correspond-

ing tax accounts. The disaggregation introduced some changes to the SAM frame-

work, in particular the treatment of taxes differs in the Government SAM compared to

the base SAM of chapter 2. Overall, the Government SAM contains the same base

information, however.

The disaggregated Government account allows for more accurate analysis and

modelling of the Scottish public sector. The method developed for the disaggregation

in this chapter employs publicly available data and is therefore replicable for other

Scottish SAMs.

Furthermore, the disaggregation enhanced the accuracy of the traditional Scottish

SAM framework. This was done through a thorough analysis of each of the compo-

nents of the public sector’s flow of funds in the SAM, and where necessary, adjust-

ments were made to provide a more exact breakdown of the flow of funds for the

Government and Tax accounts.

The Government SAM is the first part of a more detailed SAM framework for Scot-

land developed in this thesis. Next, chapter 4 disaggregates the Household account

in the SAM. The disaggregated Government SAM and ‘Household SAM’ are subse-

quently linked to create a SAM for Scotland, which identifies both a disaggregated

Government account as well as a disaggregated Household account.
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Chapter 4

Household Account
Disaggregation in the 2009
Scottish SAM

4.1 Introduction

This chapter disaggregates the 2009 Scottish SAM by Household type. Additionally,

the disaggregated Government account from chapter 3 is combined with the disag-

gregated Household account from this chapter. This creates a Scottish SAM, which

is the base for a SAM model (chapter 6) capturing three Government and three Tax

accounts operating in Scotland as well as seven Household types.

Recall that the aim of this thesis is to provide the numerical and theoretical frame-

work to model tax policies for Scotland in more detail than previously possible. By

disaggregating the Household account in this chapter and combining the ‘Govern-

ment’ and ‘Household’ SAM, a more detailed tracking of the flow of funds to and from

the Government-and Household sector, such as through taxes and benefit payments,

is possible.

So far only a small number of attempts to disaggregate the Household account for

a Scottish SAM have been made e.g. De Fence and Turner (2010); Xu and Thomson

(2012). There is no agreed method to build on for this chapter. The method em-

ployed here is a novel approach for the Scottish Household account. It uses the 2009

SAM Household totals (for both income and expenditure figures) as control totals and

provides a full industry disaggregation (104 industries) in the SAM.
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Two possible ways to disaggregate the Household sector are either by Household

type, e.g. working families with children or pensioners, or by income group, e.g. quin-

tiles. This chapter disaggregates the Household account by type, as this matches the

intended study of and provision of a framework (for the Scottish Government) to anal-

yse current policy relevant questions. For example, the effect of income tax changes

on households with children as well as tackling wealth inequality across households

(Scottish Government, 2015c).

This chapter disaggregates the Household account by seven types. These are: 1)

Working without children, 2) Working with children, 3) Non-working without children,

4) Non-working with children, 5) Pensioners, 6) Multiple tax units without children and

7) Multiple tax units with children. All Types capture both single households as well

as couples living together. Note that the Scottish Government’s research objectives

informed the classification of the Household types.

A Household is ‘working’ if there is at least one adult in employment, including

self-employment. “Pensioners” refers to a household where all household members of

working age or above receive a pension as their main source of income. Types 6) and

7) identify households that are not captured by the former definitions. For example,

Households that have more than 2 working adults or a mix of pensioners and working

or non-working adults.

The Scottish IxI table used for the construction of the 2009 SAM (see chapter 2)

has one Household consumption sector, with data for the Household income account

stemming from additional sources (Scottish Government, 2013c). The sources used

for the construction of the (aggregated) 2009 SAM do not identify individual Household

types. Therefore, additional data are needed to disaggregate the SAM by Household

type.

This chapter uses three external sources to identify different Household types in

the SAM, the Living Cost and Food Survey (LCFS), the Household Final Consump-

tion Expenditure (HHFCE) from the 2009 UK Supply and Use Table and the Intra-

Governmental Tax and Benefit Model (IGOTM) of which the Scottish Government
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holds a variant (ONS, 2011b, 2014, 2015). The LCFS and IGOTM data are for Scot-

land, whereas the HHFCE data are UK based. These three sources contain sufficient

data in order to disaggregate both the part of the SAM based on the IxI table as well

as the additional part of the SAM constructed through the use of external data (see 2).

This chapter is structured as follows. Section 4.2 outlines the aggregated House-

hold account in the 2009 SAM and analyses how the account can be disaggregated

with reference to previous disaggregation methods. Section 4.3 outlines the method

employed for the disaggregation and section 4.4 describes the data used. Section 4.5

disaggregates the Household account. Section 4.6 links the disaggregated Household

and Government Accounts and section 4.7 provides more detail on the fully disaggre-

gated SAM through some summary statistics. Section 4.8 concludes.

4.2 The Household account in the SAM

The 2009 IxI table has one Household consumption account and the 2009 SAM has

one Household account capturing both consumption and income. The IxI table pro-

vides the framework and main data source for the SAM. However, the Household

account for the SAM requires a significant input from external data sources.

This section starts with a brief overview of how the Household account is computed

in the 2009 Scottish SAM as a means of review before the following sections detail the

Household disaggregation1. Next, a brief overview of recent papers disaggregating

the Household account in a UK and a Scottish SAM concludes this section.

Table 4.2.1 shows the aggregated 2009 IxI table. It shows that the Household sec-

tor in the Input-Output IxI table purchases goods & services from the Activities sector,

from the Rest Of the UK (RUK) and from the Rest of the World (ROW). Additionally,

Households make payments to the Government, which are indirect tax payments. e.g.

VAT. However, the IxI table does not identify any flows from any sector to Households,

e.g. wage income and Government benefit payments.

1Note that chapter 2 describes in detail how the SAM is built and how each entry for the Household
account is calculated.
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Table 4.2.1: Aggregate Industry-by-Industry IO Table, 2009 basic prices (£million)
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1. Activities 63,607 - 13,981 - 49,802 29,486 36,879 17,166 210,920

2. Labour 63,561 - - - - - - - 63,561

3. Capital - - - - - - - - -

4. OVA 38,441 - - - - - - - 38,441

5. Households - - - - - - - - -

6. Government 4,779 - 1,495 - 6,568 - 193 129 13,165

7. RUK 30,274 - 3,358 - 13,875 - 4,362 2,890 54,759

8. ROW 10,258 - 1,097 - 4,424 - 3,057 161 18,997

Total 210,920 - 19,930 - 74,669 29,486 44,491 20,346

Source: Scottish Government (2013a)

Table 4.2.2 is an aggregated version of the 2009 SAM with one “Activities” sector

and one Government sector2. The SAM expands on the IxI table and captures more

flows of funds from Households to the rest of the economy as well as identifying flows

of funds to Households. The SAM identifies additional Household expenditure (total

at £107,877m) compared to the IxI table (total at £74,669m). This increase is made

up of spending on sectors already associated with household consumption, such as

additional spending on the RUK and ROW sectors.

Also savings, which are captured by spending on the Capital sector of £5,070m,

as well as of additional tax payments to the Government sector (a rise from £6,568m

to £27,947m). For more details on the breakdown of each of those entries see chapter

2. Note, that the SAM identifies Household income (see the Household row), which is

not found in the IxI table. The additional data are calculated in the balanced Income

and Expenditure account (IncExp), see section 4.5.

2Recall that chapter 3 disaggregated the SAM by Government, but the Household account remained
aggregated.
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Table 4.2.2 shows the aggregated Household account cells, which need to be dis-

aggregated in order to identify different Household types. As noted above, all entries

in the Household row (income account) are created using external data sources (not

from the IxI table). The expenditure on “Activities” is the only entry in the Household

column that is solely derived from the IxI table. All other entries are computed using

both data given in the IxI table and external sources or just from external data. Re-

call that since the IxI table identifies only one Household sector, it cannot be used to

disaggregate this account.

The other main data sources used in the construction of the Household account,

mainly the Government Expenditure and Revenue Scotland (GERS) publication and

the ONS Blue Book (Scottish Government, 2013b; ONS, 2013b) which make up

around half of all IncExp account entries (see chapter 2, section 2.4.1), identify only

one Household account, too. The disaggregation of Households in the SAM thus

needs external data sources additional to those already used in constructing the ag-

gregate SAM.

However, the values calculated for all Household entries in the 2009 Scottish SAM

are taken as control totals, and this mirrors the method employed for the Government

account (see chapter 3). Therefore, the fully disaggregated SAM can be collapsed to a

single Household and/or Government sector, and the entries for each cell are identical

to that of the 2009 SAM.

The construction of UK and Scottish SAMs around IO Accounts is done on a regu-

lar basis in the updating of the standard AMOS model. However, as stated earlier, the

Household account has only been disaggregated a small number of times.

McNicoll and McLellan (2003) extend the 1999 Scottish IO tables by introducing

internal satellite accounts for different household income classes. Dewhurst (2006)

disaggregates the 2001 Scottish IO tables by age and also identifies single house-

holds, and households with children.

De Fence and Turner (2010) disaggregate the Household sector of a 2004 UK IO

Table and SAM by income groups. They used gross income for five household groups
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in order to divide the Household account into quintiles. De Fence and Turner (2010)

use an income share spent on the products of a sector in order to determine the total

expenditure of each quintile on the specific sector. It uses a six-sector aggregation of

all industries in the IO Table and the SAM. Thus the shares calculated in De Fence

and Turner (2010) cannot be applied in this case, which uses the full 104 IO sector

disaggregation.

Xu and Thomson (2012) disaggregate the Household account of a 2007 SAM for

Scotland by income quintiles and by urban-rural location. Their paper employs the

same methodology as De Fence and Turner (2010) but applies the disaggregation

to Scotland, instead of the UK, but for a SAM only. Note that it is not possible to

extract the disaggregated Household consumption account for the IO accounts from

this. Here, the economy is split into eleven industrial sectors, thus again producing a

dataset limited to the initial aggregation, which does not allow for a more disaggregated

industry structure. In summary, current attempts at disaggregating the Scottish or UK

Household sectors produce a limited dataset, which restricts wider applicability.

This chapter contributes to the current regional research employing disaggregated

IO and SAMs in three distinct ways. First, the Household account is disaggregated

by Household type. Second, Household consumption expenditure is disaggregated by

104 industries. Third, the method employed can be replicated easily in order to either

update the dataset or chose a different level or kind of household disaggregation, for

example by income group or different Household types than specified here. The next

section describes the method employed for the disaggregation by Household type.

4.3 Method

This section outlines how the Household account in the SAM is disaggregated. A

bottom-up approach is employed where the individual Household entries from the IxI

table and from the IncExp account are firstly estimated and subsequently matched to

the SAM control totals. That is to say, summing up all disaggregated Household entries
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match the aggregated Household entries of the 2009 SAM for Scotland computed in

chapter 2 (also see section 4.2).

This method used for the disaggregation of the Household account by type, offers

a full 104 industry disaggregation, as in the IxI table and in the SAM. Furthermore,

the method is replicable for Scottish SAMs based on different base years and with

flexible sectoral aggregation to match the intended research objective. Although the

data sources will be briefly touched upon here, the next section (4.4) discusses these

in full.

There are two distinct parts to the disaggregation of the Household account in the

SAM. The first part is the disaggregation of the consumption expenditure vector, which

stems from the IxI table. The second part is disaggregating the IncExp account, which

captures all the income and expenditure flows of all seven Household types. Sections

4.3.1 and 4.3.2 outline the approach taken to disaggregating each part, respectively.

These parts are outlined below and described in detail in section 4.5.

4.3.1 Method - Household Consumption Expenditure

For the first part, the Household consumption vector from the IxI table identifies a

unified Household sector that purchases goods & services from 104 industries, i.e.

this is a 104 × 1 vector. The goal for a full industry disaggregation (104 sectors) by

the seven Household types is to separate the Household consumption vector into a

104× 7 matrix. This matrix identifies each Household type’s consumption expenditure

by industries, where the aggregate consumption expenditure by industries equals the

initial, 104× 1, Household consumption vector from the IxI table.

Table 4.3.1 provides a detailed overview of the matrices and vectors employed for

the disaggregation of the Household consumption expenditure. The first column in

the table gives the name of the matrix/vector, which is followed by a description of the

data and its source, in the following columns. Furthermore, Table 4.3.1 identifies the

dimensions and units for each matrix/vector as well as additional ‘Comments’. Table

4.3.1 is aimed at providing a reference guide for the reader.
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The first step in obtaining the above-mentioned 104 × 7 Household consumption

expenditure matrix, is to obtain Household spending data disaggregated by Household

type. The Living Cost and Food Survey (LCFS) identifies Household consumption ex-

penditure by the seven Household types specified above (ONS, 2011b). However, the

data are classified in “Classification of Individual Consumption according to Purpose”

(COICOP), not in the Standard Industrial Classification (SIC07) like the IxI table, and

the data are given in 12 broad spending categories (see section 4.4 for details on the

classifications). Hence, the LCFS data are given as a 12 × 7 matrix, K, tracking the

flows of Household consumption expenditure between the 12 spending categories and

the 7 Household types.

The issue now is to link the 12 spending categories to the 104 industries. There

is no data source which can directly link and disaggregate the 12 COICOP spending

categories to the 104 SIC07 industries. Therefore, this chapter constructs a matrix

which can link these, henceforth referred to as the ‘bridge’-matrix. This matrix tracks

the flows between the 12 spending categories and the 104 industries, hence it is a

104× 12 matrix.

The ‘bridge’-matrix identifies the shares of these flows, where each entry is divided

by the corresponding column total, resulting in each column total of the ‘bridge’-matrix

summing up to one. That is to say that the ‘bridge’-matrix identifies the shares of the

basket of commodities (by industry) that is required in order to produce 1 unit of final

Household consumption expenditure demand by spending category.

Table 4.3.2 provides further reference for the reader. For example, it shows the

steps of how the HHFCE data is transformed into the ‘bridge’-matrix. Also, it captures

the steps of disaggregating the base information on Household type consumption con-

tained in the K matrix into the disaggregated Household type consumption expendi-

ture matrix by 104 industries. Table 4.3.2 captures each of the matrices or vectors

identified in Table 4.3.1, including their dimensions. This table is aimed at aiding the

reader in this section and in section 4.5 in particular. Note that the steps outlined in

Table 4.3.2 are discussed in detail in section 4.5.
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Table 4.3.2: Household Consumption Expenditure Disaggregation: Matrix Computa-
tion Overview

1) L × A1 = LA
106× 42 42× 12 106× 12

2) A2 × LA = M
104× 106 106× 12 104× 12

3) A3 × M = B
104× 104 104× 12 104× 12

4) B × Ki = hhi
104× 12 12× 1 104× 1

5)
∑7

i=1 hhi = hhT
104× 7

6) A4 × hhT = hhF
104× 104 104× 7 104× 7

7) IxIHH × hhF = HH
104× 104 104× 7 104× 7

The ‘bridge’-matrix is based on the Household Final Consumption Expenditure

(HHFCE) table from the 2009 UK Supply and Use table (ONS, 2014). This table tracks

Household consumption expenditure by products and industries and it is a 106 × 42

matrix, L. The rows of the HHFCE table are classified in the “Classification of Products

by Activity” (CPA) 2008 and the columns are in COICOP. There are two initial problems

with the HHFCE data that need to be addressed. First, the format of the matrix needs

to be transformed from a 106× 42 matrix, L, to a 104× 12 matrix, LA (see Table 4.3.2).

The L matrix is transformed into the LA matrix, where the 42 columns identifying
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industries are aggregated into 12 broad spending categories, which match those of the

LCFS data. This aggregation is done by multiplying the Lmatrix with the A1 (see Table

4.3.1). Note that the A1 is self-constructed, through manually matching industries to

spending categories.

Second, the row classification of the LA need to be transformed. The ‘bridge’-

matrix identifies industry by spending category flows, whereas the HHFCE matrix

tracks product by industry flows. This process is a standard conversion method also

employed by the ONS and produces a converted table which retains the information

from the raw data more accurately (ONS, 2011a). Matching the 106 products to 104

industries produces a new 104×12 matrix, M , which identifies Household consumption

expenditure industry by spending category.

The second equation in Table 4.3.2 shows that the 106 products are matched to

104 industries by pre-multiplying the LA matrix with the aggregation matrix A2 (see Ta-

ble 4.3.1 for reference). The A2 matrix is again self-constructed, by manually matching

products to industries, following the approach outlined by the ONS (ONS, 2011a). This

process is discussed in more detailed in section 4.5.

The M matrix now has the correct format for the ‘bridge’-matrix. Pre-multiplying

the M matrix by the A3 matrix (see Table 4.3.1 for reference) effectively divides each

entry in the M matrix by the corresponding column total. This produces the final

‘bridge’-matrix.

In order to disaggregate the Household consumption expenditure for each House-

hold type, the corresponding Household vector from the LCFS’s matrix, K is multiplied

by the ‘bridge’-matrix. This produces seven 104×1 matrices, hhi, which track the flows

between the individual Households, i, and the 104 industries.

The totals of each of the seven Household vectors are equal to the corresponding

Household total from the LCFS data. Combining these vectors produces a 104×7 ma-

trix, hhT , which identifies total Household consumption expenditure by industries and

Household type. The data from the LCFS, however, do not match total consumption

in the IxI table. Therefore, the hhT matrix identified above, needs to be transformed.
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Pre-multiplying the hhT matrix with the aggregation matrix A4 (see Tables 4.3.1

and 4.3.2) produces a new 104 × 7 matrix, hhF . This step effectively divides each

entry of the hhT matrix by the corresponding row total. Hence, the hhF matrix now

identifies the percentage of industry output by Household type. That is to say that the

rows in the hhF matrix sum up to one.

The final step is to pre-multiply the hhF matrix with the control totals from the IxI

table, IxIHH . This 104 × 104 matrix is a diagonal matrix, where each entry corre-

sponds to the the industry total of Household consumption expenditure from the IxI

table. The final matrix, HH, is a 104× 7 matrix, which is the disaggregated Household

consumption expenditure by seven Household types. That is to say that this matrix

can, as stated above, be aggregated up to the 104× 1 vector from the IxI table.

4.3.2 Method - Household Income and Expenditure Account

The second part of the disaggregation of the Household account in the SAM is identify-

ing seven Household types in the IncExp account. The IncExp captures all Household

income and expenditure that the SAM also identifies, which includes the Household

consumption expenditure discussed above. The full IncExp account also identifies the

income and expenditure of the Corporate, Government, Capital and External account.

Some entries are linked between these accounts as corresponding figures. For ex-

ample, Households make payments to the Government, which are also identified as

Government income from Households. Hence, disaggregating only the Household

account in the IncExp account is sufficient, as any corresponding flows between ac-

counts are captured simultaneously.

The IncExp account is disaggregated by first estimating each entry. This is done

through several data sources, which provide data on Household income and expen-

diture disaggregated by the seven Household types. Recall from chapter 2 section

2.4 that the IncExp account identifies six individual income sources and six individual

expenditure categories, which balance on aggregate and are equal to the Household

Total in the SAM. All of the Household income entries and one of the expenditure en-
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tries are estimated through data from the Scottish Government’s variant of the IGOTM

model.

Four expenditure entries are estimated from LCFS data (this includes the IxI disag-

gregation, which also flows through the IncExp account). The remaining expenditure

entry (“Transfers to RUK”) is disaggregated through imputing the entries, since there

are no matching data to estimate this entry. Note that the method of imputing this entry

mirrors the approach used in building the base IncExp account.

The estimated entries in the IncExp account do not match the control totals from

the 2009 SAM IncExp account. Therefore, the estimated IncExp is used to compute

shares which are subsequently multiplied by the control totals. That is to say that the

estimated IncExp accounts are transformed into shares, where each entry is divided

by the sum of the corresponding entries across Household types.

For example, total income for each Household is divided by the sum of all total

incomes across the seven Household accounts. The relevant share is then multi-

plied with the control total, which produces IncExp accounts that are disaggregated by

seven Household types. Thus all seven total income figures sum up to the control total

from the 2009 SAM.

This process is illustrated in Figure 4.3.1. The estimated IncExp account is used

to compute the shares, which are multiplied with the control total in order to produce

the disaggregated IncExp account.

Figure 4.3.1: Household Disaggregation of the IncExp Account

Estimate Shares Control total

Disaggreg.
IncExp

compute multiplied
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All data used for the disaggregation of the Household consumption expenditure

vector from the IxI table are for 2009 or centred around 2009 (see section 4.4 for de-

tails). The data from the Scottish Government’s variant of IGOTM are for 2013. The

data sources provide sufficient information to identify most of the income and expen-

diture entries for the disaggregated Household account, but not complete coverage.

Where there is a lack of data, as for some of the expenditure entries for the disag-

gregated Household accounts, the missing entries are imputed. However, this is done

in a manner consistent with the construction of the base SAM. For example, the esti-

mated figures do not provide information on the expenditure item “Transfers to RUK”

(see Table 4.5.1). Using the base SAM’s entry for this as a control total, the different

Household types are assumed to transfer the same share to the RUK as they do to

the ROW, for which data are available.

The method employed for the disaggregation of the Household account identifies

Household consumption expenditure by 104 industries as well as all entries of the

IncExp account for seven Household types. Data availability is of crucial importance

for an accurate estimate of each Household type account. The method employed here

is affected by the lack of information on some entries.

A key assumption of the disaggregation outlined above is that data presented in

different classifications can be matched to each other. This implies, for example,

that the ‘bridge’-matrix can match entries classified as products to industries (see

(ONS, 2011a) for details on the classifications). Overall, however, this method can

be replicated for Scottish SAMs using other base years as well as for SAMs for other

regions/nations. Section 4.4 discusses the data used for the disaggregation of the

Household account by type and section 4.5 discusses the disaggregation in detail.

4.4 Data

This section outlines the data used in the disaggregation of the Household account.

The data for the disaggregation come from additional external sources, since the orig-

inal sources for the construction of the (aggregated) SAM identify only one Household
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sector. The different Household types are disaggregated using the method outlined

above with data from the Living Cost and Food Survey (LCFS), the Household Final

Consumption Expenditure (HHFCE) from the 2009 UK Supply and Use Table and the

Intra-Governmental Tax and Benefit Model (IGOTM) of which the Scottish Government

holds a variant (ONS, 2011b, 2014, 2015).

Recall that the LCFS provides the disaggregation of seven Household types by

spending categories. The HHFCE identifies Household purchases at product-by-

industry level. And IGOTM provides the disaggregated Household income as well

as tax payments for the IncExp account. The remainder of this section outlines each

of the data sources in detail and critically analyses the data employed in the disaggre-

gation.

4.4.1 The Living Cost and Food Survey

The Living Cost and Food Survey (LCFS) is an annual survey, based on the European

standard “Classification of Individual Consumption by Purpose” (COICOP)3. The sur-

vey collects detailed information on household expenditure, including tax payments as

well as information on household income, including wage-and benefit income. Thus

the data do not provide individual income and expenditure details, but identifies these

on the household level.

The LCFS defines a household as “one person or a group of people who have the

accommodation as their only or main residence” (ONS, 2011b). The sample of the

survey is ‘a multi-stage stratified random sample with clustering’. Thus, it ensures that

all regions in Great Britain are accounted for, whilst randomly selecting households

from within that region. The LCFS dataset includes both the ‘raw variables’ as well as

the ‘derived variables’. This study uses the latter, as only these variables categorise

household income and expenditure by, for example, Household characteristics and

region (ONS, 2011b).
3COICOP is one of the functional classifications in the System of National Accounts 1993, adapted

for Europe as the European System of Accounts 1995. As well as being used for Household Final Con-
sumption Expenditure (HHFCE), as published in Consumer Trends, it is also used for household budget
surveys. These are adopted for the UK Living Costs and Food Survey, and international comparisons of
Gross Domestic Product (ONS, 2009).
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Data for the survey are collected through two channels. First, there are interviews

with household members and second, household members are asked to maintain

spending diaries for a fortnight. The interviews comprise two parts, a general “House-

hold Questionnaire”, which identifies the household’s characteristics, such as size, age

of members, employment status, etc.

The second part is the “Income Questionnaire” that follows straight on from the

first questionnaire and collects details on the sources and amount of household in-

come as well as which members of the household contribute to the total income. Both

questionnaires are usually answered by the Household Reference Person (HRP). The

HRP is defined in most instances as either the householder who “owns the household

accommodation, or is legally responsible for the rent of the accommodation”. When

there are joint householders, the person with the higher wage or alternatively the el-

dest householder is chosen to be the HRP. Note that the HRP replaces the “Head of

Household” concept (ONS, 2011b).

The spending diaries form the base of the information on household expenditure.

These diaries are kept by every spender in the household who is 16 or over. Each

household has, however, an assigned “Main Diary Keeper” (MDK). This is the person

in the household who “is normally responsible for most of the food shopping”. Thus

the biggest share of the expenditure data for each household is collected through the

information supplied by the MDK.

The expenditure data collected in the spending diaries are broadly limited to current

expenditure on goods and services. Hence, savings and investment expenditures

are excluded. Due to the nature of the questionnaires and the spending diaries, the

information on household income and expenditure is in retail prices. Also note that

the data collection process is done throughout the year to avoid any seasonal effects

(ONS, 2011b).

The LCFS categorises persons aged 16 and over as either ‘economically active’

or as ‘economically inactive’4. Furthermore the survey is disaggregated by regions in

4‘Economically active’ identifies persons who are: Employees at work, Employees temporarily away
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the UK, identifying Scotland as a single region (ONS, 2011b)

4.4.2 UK Supply and Use Table - Household Final Consumption Expen-

diture

The UK Supply and Use Tables are part of the input-output framework of the Euro-

pean System of Accounts and they provide the basic building blocks for the Symmet-

ric Input-Output Tables, such as the IxI table. The Supply and Use Table identify the

production, income and expenditure measures of GDP. Hence, when combined and

balanced, they provide a single measure of annual current price GDP, which integrates

the components of gross value added, inputs and outputs, and final demands.

The Supply Table provides estimates of the output of a large number of differenti-

ated products by each industry and the Use Table provides estimates of the inputs (of

products) used by each industry to produce their own output. The data are presented

in basic prices, which is a price unit that excludes any taxes but includes potential

subsidies received by the producer. Note that this is the same price as the IxI and the

SAM use. The tables cover the following aspects of the national accounts framework:

1. Goods and services account; 2. Production accounts by industry and sector; and 3.

Generation of Income Account by industry and sector (Scottish Government, 2015b;

Eurostat, 2008; ONS, 2006).

The Household Final Consumption Expenditure (HHFCE) is a key component of

the Supply and Use Table, as it is ‘the most important macroeconomic variable’ on the

expenditure side of the national accounts. The data for the HHFCE is mainly obtained

through consumer expenditure surveys, such as the LCFS detailed above, and the

HHFCE is also coded in the COICOP classification. The data are categorised into ten

main purposes, which correspond, on aggregate, to the twelve product groups in the

LCFS5.

from work, Government supported training schemes, Self-employed, Unemployed or Unpaid family work-
ers. ‘Economically inactive’ identifies persons who are: Retired or Unoccupied

5The ten main expenditure purposes are: 1. Food, beverages, and tobacco; 2. Clothing and footwear;
3. Housing, water, electricity, gas, and other fuels; 4. Furnishings, households equipment, and routine
maintenance of the house; 5. Health; 6. Transport; 7. Leisure, entertainment, and culture; 8. Education;
9. Hotels, cafes, pubs, and restaurants; 10. Miscellaneous goods and services.
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The construction of the HHFCE is structured as follows, first detailed data on

consumption expenditure are collated and categorised into the ten main expenditure

purposes, thus providing a ‘use’ breakdown. These data are subsequently matched

to both ‘commodity flows’ and that of retail trade sales. Thus the HHFCE bridges

household consumption expenditure data with data provided on a broader macroeco-

nomic/industrial level (Eurostat, 2008).

4.4.3 Intra-Governmental Tax and Benefit Model

The Intra-Governmental Tax and Benefit Model (IGOTM) is a microsimulation model

of the UK tax and benefit system, which is maintained by HM Treasury. The data used

in this chapter are provided by and stems from the Scottish Government’s variant of

the IGOTM model for Scotland. IGOTM is generally used to estimate the impact of tax

and benefit changes on household incomes. This chapter, however, uses the raw data

on income and expenditure variables of Scottish households, which can be extracted

by Household types or quintiles. For example, IGOTM captures most personal and

indirect taxes, tax credits and benefits which makes it essential for the disaggregation

of households as no other data source does this for Scotland (HMRC, 2012).

The input data for IGOTM comes from the Living Costs and Food Survey (see

above) (ONS, 2011b) and the Family Resource Survey, both of which provide informa-

tion on income, expenditure and important family characteristics (Department for Work

and Pensions, 2015b). Note that static microsimulation models such as IGOTM lack

the behavioural responses that a Computable General Equilibrium (CGE) model cap-

tures. For example, changes in the level of benefits of households does not change

labour supply, whereas a change in this variable is typically modelled in a CGE model,

such as AMOS. Nevertheless, the input data to IGOTM, which is what is used here, en-

ables the disaggregation of the Household account in the SAM in a manner consistent

with the data work on the 2009 SAM for Scotland (ONS, 2015).
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4.4.4 Critical Analysis of the Data

First, a note on the type of Input-Output Table used here. There are two types of

IO table, product-by-product (PxP) and industry-by-industry (IxI). The former provides

details on the technological relations between products and homogeneous units of

production. On an intermediate level, it gives the volume of products used to create

the final product. Thus, it assumes the production of goods of a certain industry are

made up of the same mix of intermediate inputs (Eurostat, 2008).

In contrast, IxI IO table details the interdependencies of industries for the produc-

tion of their goods & services. These tables are closer to statistical sources and actual

observations. Both tables have their use in economic analysis and it depends on the

type of study, whether PxP or IxI is more suited. Generally, the latter are deemed bet-

ter for the study of tax reforms and other fiscal interventions (Eurostat, 2008). Since

the aim of this thesis is to provide an analysis of changes to the fiscal framework for

Scotland as well as income tax simulations, the IxI table provides the more suitable

database.

The bridging of the household consumption expenditure data (LCFS) to the spend-

ing on industry level (IxI) is based on several assumptions of data compatibility and

accuracy of the survey data used here. The LCFS data are largely dependent on the

input of the Household Reference Person, which might be a source of inaccuracy in

failing to capture all income and expenditure flows to and from the household. Also,

the diary process of noting down every expenditure for a fortnight is subject to the

accuracy of the diary holder and thus might not capture all expenditures fully and ac-

curately.

Furthermore, the sample size of the LCFS for the Scottish subset is small, but

sufficient. Given the total of 11,482 households who participated in Great Britain, the

Scottish household response rate is approximately 965 households for 2009 (this is

calculated using the Scottish population share of 8.41% as used in the 2009 Scottish

SAM.). Since this chapter splits these responses into sub-groups, i.e. seven House-

hold types, 2008, 2009 and 2010 survey data are combined. This provides a bigger
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sample size around the base year (2009) and ensures more robust estimates for the

highly disaggregated household data.

The HHFCE dataset provides a good estimate for converting the LCFS data to

a more disaggregated product level. However, this does not match accurately with

the industry-level data given in the IxI table, to which it is converted here. As stated

above, the PxP and IxI Tables identify the interdependencies in an economy in distinct

manners, which are not consistent with each other. Lastly, the data obtained through

IGOTM are again based on a small sample size. Further, this chapter uses raw data

from a 2013 calibrated model, as no other data are available. Therefore, the approach

employed with the LCFS, that is building up the sample size through the use of data

around the base year, is not possible here.

Additionally, the data in IGOTM are provided through several datasets and then

converted for Scotland, which limits its accuracy in capturing actual income and ex-

penditure data by Scottish households. Finally, the external data sources used for the

disaggregation of the Household account are coded in COICOP, which is different to

the SIC07 used in the IxI table and thus in the SAM. Therefore any data extracted from

IGOTM and the LCFS needs to be mapped to the classification used in the SAM.

This section has detailed the data sources used in the disaggregation of the House-

hold account by type in the 2009 Scottish SAM. There is no single data source, which

enables this disaggregation and, as discussed above, there are apparent shortfalls in

matching the data from the LCFS to the HHFCE and from IGOTM to the IxI table and

the IncExp account.

The data sources and method employed here, however, match the different house-

hold consumption expenditure breakdowns as accurately as possible. The step from

broad spending categories to the 104 industries in the SAM is done using shares, thus

avoiding any inconsistencies in the totals of the various household accounts as well

as national accounts data, hence using quality data sources.
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4.5 Disaggregation

Section 4.3 outlined the disaggregation of the Household account in the SAM in broad

terms. This section details the disaggregation. There are two distinct parts to disag-

gregating the Household account in the SAM. The first is disaggregating the House-

hold consumption expenditure vector from the IxI table by 104 industries in Scotland.

The second is disaggregating the Income and Expenditure (IncExp) account to identify

seven individual Household accounts.

Recall that Table 4.3.1 and 4.3.2 provide references for the matrices/vectors and

the various matrix computations detailed above. Table 4.3.1 lists key information for

each of the matrices/vectors, for example, the source of the data and the units that the

data are in. Table 4.3.2 details the matrix transformations that result in the disaggre-

gation of the Household consumption expenditure.

4.5.1 Household Disaggregation of the Household consumption vector

The Household consumption vector in the SAM stems from the Scottish IxI IO table.

It identifies a unified Household account for Scotland, which purchases goods & ser-

vices classified by 104 industries. The goal for the disaggregation of the Household

consumption expenditure vector, IxIHH , which is 104 × 1, is to identify spending on

Scottish industry output by Household type. The disaggregated vector is then trans-

formed through matrix multiplication into a 104 × 7 matrix, which tracks the flows be-

tween 104 industries and 7 Household types.

The first part of the disaggregation is to obtain data that identify Household con-

sumption spending by Household type. The LCFS identifies twelve spending cate-

gories from which Households purchase goods & services in a given year. These

are: Food & non-alcoholic drinks; Alcoholic drink, Tobacco & narcotics; Clothing &

footwear; Housing, fuel & power; Household goods & services; Health; Transport;

Communication; Recreation & Culture; Education; Restaurants & Hotels; Other Goods

& Services (ONS, 2011b). The survey provides a total for the annual expenditure by
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the seven Household types, specified above, on each of the 12 spending categories.

Representing the data in matrix form,

K =


k1,1 · · · k1,7

...
. . .

...

k12,1 · · · k12,7

 (4.5.1)

whereK is a 12×7 matrix. The jth row identifies one of the 12 spending categories

and the ith column identifies one of the 7 Household types. Summing up all elements

in a row, j gives the total spending on one category across all households. Conversely,

the sum of all elements in a column, i, is equal to total spending by the corresponding

Household type. Thus, the K matrix provides individual Household type consumption

expenditure categorised by spending category. Table 9.5.1 gives the actual values for

theK matrix in £million. It shows that Household Type 1 and 2 have the highest current

expenditure on goods & services and that total Household expenditure is largest on

‘Transport’ and ‘Recreation and Culture’.

The information contained in theK matrix identifies expenditure on 12 broad spend-

ing categories by Household type. These data are the first part in disaggregating the

Household consumption vector from the IxI table. However, the 12 spending cate-

gories need to be matched to 104 industries in order to (fully) disaggregate the House-

hold consumption vector. For this, a ‘bridge’-matrix needs to be computed, as outlined

in Section 4.3. The ‘bridge’-matrix captures Industry-by-Spending Category flows,

where each entry identifies the share of the basket of commodities (by industries) re-

quired to produce one unit of final demand by spending category. That is to say that

the all columns (spending categories) sum up to one.

The HHFCE provides the data for the ‘bridge’-matrix, but the data need to be trans-

formed. The HHFCE is a 106 × 42 matrix identifying Household consumption expen-

diture by 106 product and 42 industries. Recall that the ‘bridge’-matrix is a 104 × 12

matrix capturing the flows between industries and spending categories. Note that
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there is no Supply and Use table or HHFCE table for Scotland, thus this Section uses

the UK Table.

As stated above, the ‘bridge’-matrix identifies shares and not prices, i.e. £million.

The data are not transformed for Scotland, due to the assumption that UK data capture

the spending characteristic of Scottish Households as well. The HHFCE data are

presented in a Product-by-Industry matrix,

L =


l1,1 · · · l1,42
...

. . .
...

l106,1 · · · k106,42

 (4.5.2)

where L is a 106 × 42 matrix. The jth row identifies the product type and the ith

column the industry (see Table 9.5.2 for the 42 industry categories). Summing up all

elements in a row identifies the total spending on a product by all Households and

summing up all elements in a column gives the total spending by industry. As stated

above, the aim is to create a 104×12 matrix, which identifies the 104 industries from the

IxI table and the 12 spending categories from the LCFS. Hence, the data contained in

the L matrix need to be transformed to capture Industry-by-Spending Category flows.

It is possible to match either the rows or the columns of the L matrix to the 104

industries from the IxI table. Disaggregating the 42 to 104 industries would require an

exogenous data source, which would dilute the accuracy of the data. Matching the

106 product categories from the HHFCE to the 104 industry sectors from the IO is

therefore more accurate and is what is done in this chapter. Transforming products to

industry in an IO setting or vice versa is a commonly employed method, including by

the official statistic authorities (see ONS (2011a) for example). Hence the 106 rows

from the L matrix are aggregated to 104 rows.

The second part is to aggregate the 42 columns from the L matrix to 12, that is

matching 42 industries to 12 spending categories. Although this is not an exact fit, it
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has the advantage of retaining the information contained in the 42 industry classifica-

tion but in an aggregated way, without having to use additional exogenous data for the

transformation.

Aggregating the 42 columns of the L matrix to 12 columns is done by multiplying

the L matrix with the ‘Aggregation matrix 1’, A1. This matrix is a self-constructed,

binary matrix at 42× 12 (see Table 4.3.1),

A1 =


a11,1 · · · a11,12

...
. . .

...

a142,1 · · · a142,12

 (4.5.3)

The product of multiplying the L matrix with the A1 matrix is,

LA =


la1,1 · · · la1,12

...
. . .

...

la106,1 · · · la106,12

 (4.5.4)

where LA is a 106 × 12 matrix. The rows remain the same as in the L matrix, i.e.

the rows track the income by product type, but the columns are now aggregated from

42 industries to match the 12 industries. These 12 industries now match the spending

categories identified in the rows of the K matrix and are labelled accordingly.

Table 9.5.3 shows the basket of commodities, classified in ‘products,’ required, to

meet total Household final consumption expenditure by 12 spending categories. Dis-

playing the matrix in a shortened version aims at giving the reader simply an overview

of the method. Note that the last row is identified as product category 97 and not 106,

which is due to some product categories being subdivided and hence some numbers

are used multiple times. For example, category 10 is subdivided eight times (see Table

9.5.3), but the total row count is 106.
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Table 9.5.3 shows the first and the last 15 rows of the actual values used in the

disaggregation of the LA matrix. For example, purchases from the first spending cat-

egory, ‘Food and non-alcoholic drinks’, require a basket of commodities from product

categories 1, 3, 8, 9, 10, 11, 12, 13 and 146 in order to produce the final products of

that spending category. The total for the first spending category is £53,515m, which

is the total for the UK. Conversely, all of the sales for product category 2, ‘Products of

forestry, logging and related services’ go to spending category 4, ‘ Housing, fuel and

power’, and 9, ‘Recreation and Culture’, for £24m and £138m.

As stated above, the 106 products from the LA matrix are matched to a 104 indus-

try classification from the IxI table. The conversion from products to industries does

not offer a complete fit, but as noted above, it is a method regularly employed and the

products generally match the industries well. When matching a product to an industry

classification, all of the flows between a product and spending categories from the LA

matrix are retained and transferred to the transformed industry-by-spending category

matrix.

For this transformation, the LA matrix is pre-multiplied with the A2 matrix (see

Table 4.3.1), which is 104 × 106. The A2 matrix is self-constructed and matches the

106 products to 104 industries.

A2 =


a21,1 · · · a21,106

...
. . .

...

a2104,1 · · · a2104,106

 (4.5.5)

Following the conversion, the LA matrix becomes,

6These categories are: 1. Products of agriculture, hunting and related services; 3. Fish and other
fishing and aquaculture products, others; 8. Preserved meat and meat products; 9. Processed and
preserved fish, fruit and vegetables 10.Vegetable and animal oils and fats; 11. Dairy products; 12.
Grain mill products, starches and starch products; 13. Bakery and farinaceous products; 14. Other food
products
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M =


m1,1 · · · m1,12

...
. . .

...

m104,1 · · · m104,12

 (4.5.6)

where M is a 104× 12 matrix and tracks the Household consumption expenditure

flows by the 104 industries (as in the IxI) and by 12 spending categories. That is, the

rows of the M matrix, j, identify industry income flowing from Households’ purchases

of goods & services, grouped into 12 spending categories. The columns, i, show

the basket of commodities needed, classified in 104 industries, in order to produce

the total Household demand by spending category. Note that the column totals are

held constant when transforming the LA matrix to the M matrix, since the column

classification does not change in this step.

Table 9.5.4 presents an excerpt of the full M matrix in £million. Comparing Ta-

bles 9.5.3 and 9.5.4 reveals that the product categories from the LA matrix generally

match up well with the industries in the M matrix. For example, the HHFCE identi-

fies “Products of agriculture, hunting and related services” and these are matched to

“Agriculture” from the IxI classification, SIC07 (Scottish Government, 2013c), both at

£9,324m total.

However, in some instances there are either more products (LA matrix) than match-

ing industries (M matrix) or less products (LA matrix) than matching industries (M

matrix). There are a total of 18 industries, which are not directly matched with one

product. Conversely, 83% of industries match one product directly. In the first case,

the products are simply aggregated up to the relevant industry, which matches the

products most closely.

There are four industries, which are matched with two products and three indus-

tries are matched with three products. For example, the two products “Vegetable and

animal oils and fats” (10.4) and “Dairy products” (10.5) (see Table 9.5.3) are aggre-

gated into the the industry “Dairy products, oils & fats processing” (see Table 9.5.4).
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The totals of the two products (of £757m and £7,392m) are unchanged when convert-

ing to the one industry (combined total of £8,149m), and the intermediate consumption

is still captured by Spending Category 1 only, ‘ Food & non-alcoholic drinks’. That is to

say that, although the row classifications have changed, the information on the basket

of commodities required to produce the total output by spending category is retained.

When there are fewer products than industries, the product entries are disaggre-

gated and matched to the relevant industries. There are eleven industries, which have

less than one matching industry and these are computed as outlined below. These

shares are computed by dividing the total final demand of each industry by the com-

bined total final demand from the relevant industries, as given in the IxI table.

The largest element of the IxI table is a square 104 × 104 matrix tracking the flow

of funds between all industries in Scotland,

IxI =


x1,1 · · · x1,104

...
. . .

...

x104,1 · · · x104,104

 (4.5.7)

where the sum of a row identifies the total income of an industry,j, derived from

selling its goods & services to all industries, i, as intermediate inputs. Conversely,

the columns, i, identify the expenditure of the ith industry on products purchased

from other industries, j, as intermediate inputs for the production of the ith industry’s

products. As stated above, in some cases there are fewer products in the LA matrix

than matching industries in the M matrix, i.e. the IxI table.

For example, the product “Alcoholic beverages” (11.01-6) in the LA matrix (see

Table 9.5.3) does not have a single corresponding industry. The IxI table and thus the

M matrix identify both the “Spirits & wines” (17) and the “Beer & malt” (18) industries,

however. In this instance, two shares, σ1,i and σ2,i are computed. Note that the number

of shares is flexible depending on how many corresponding industries there are. Using

the example above, the share for the “Spirits & wines” industry, σ1,i, is,
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σ1,i =

104∑
i=1

x1,i

104∑
i=1

x1,i +
104∑
i=1

x2,i

(4.5.8)

where x is the final demand entry of the relevant industry. Here x1,i refers to the

final demand of the “Spirits & wines” industry and x2,i captures the final demand of the

“Beer & malt” industry. This means that where expenditure on an alcoholic beverage

change by ∆A this is translated in the IO analysis into a σ,∆A on “Spirits & wines”

and (1 − σ)∆A on beer. The share for the “Beer & malt” industry here, σ2,i, simply is

then,

σ2,i = 1− σ1,i (4.5.9)

The corresponding row entries in the LA matrix, θ, are then multiplied by the shares

for the two industries, σ1,i and σ2,i,

θj,i × σ1,i = κ1,i (4.5.10)

θj,i × σ2,i = κ2,i (4.5.11)

where κ is a 1 × 12 vector, which identifies the total output of the jth industry by

the ith Spending Category in the LA matrix.

Looking at the data for the above example in Table 9.5.3, the “Alcoholic beverages”

product has one entry under Spending Category 2, ‘Alcoholic drink, tobacco & nar-

cotics’ of £8,706m. Hence, this is also the total for this product. The disaggregated
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product entries are then transferred to the matching M matrix row entries. That is

the initial entries for one product are now matched to the corresponding two industry

entries. Recall that both the LA matrix as well as the M matrix have the same column

identifiers and thus only the row entries need to be disaggregated. For the example

above, the shares are calculated as follows,

σ1,i =

[
3, 189

3, 189 + 178

]
= 0.95 (4.5.12)

where σ1,i is the share for the “Spirits & wines” industry and the share for the “Beer

& malt” industry, σ2,i is,

σ2,i = 1− 0.95 = 0.05 (4.5.13)

Following the method outlined above, the row entry for the “Spirits & wines” industry

in the M matrix is,

8, 706× 0.95 = 8, 246 (4.5.14)

hence the row entry for the “Beer & malt” industry is,

8, 706× 0.05 = 460 (4.5.15)

The M matrix has the format needed for the ‘bridge’-matrix (104 × 12), but the

entries are in £million rather than shares. Thus, the M matrix needs to be converted
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into a matrix identifying Household expenditure by shares. Recall that the ‘bridge’-

matrix has to be multiplied with the individual columns of the K matrix, which identify

Household type spending on 12 spending categories. In order to disaggregate this

information to Household spending by 104 industries, the ‘bridge’ matrix needs to

capture the shares of Household consumption expenditure by Spending category, i.e.

column totals equal 1.

For this, the M matrix is pre-multiplied with the A3 matrix (see Table 4.3.1), which

is a self-constructed 104 × 104 matrix. The A3 matrix is a diagonal matrix, where the

elements are the inverse of the corresponding row totals from the M matrix,

A3 =


a31,1 · · · a31,104

...
. . .

...

a3104,1 · · · a3104,104

 (4.5.16)

This matrix multiplication effectively divides each individual column entry of the M

by the corresponding column sum and yields,

B =


b1,1 · · · b1,12

...
. . .

...

b104,1 · · · b104,12

 (4.5.17)

where B is a 104×12 matrix. The rows identify the 104 industries from the IxI table

and the columns identify the 12 spending categories. Each scalar in the B matrix

captures the shares of the jth industry’s basket of commodities for the production of

the ith spending category’s goods & services. Note that the columns of the B matrix

sum up to 1.

A visual inspection of the ‘bridge’-matrix shows that the basket of commodities

needed to produce a unit of final output per industry is the same as in the IxI table.

For example, Household purchases from the “Alcoholic drink, tobacco & narcotics”
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Spending Category (the second column in the B matrix) are made up of commodities

from the following industries: “Spirits & wines”, “Beer & malt”, “Tobacco” and “Pharma-

ceuticals” (these are industries 17, 18, 20 and 32 in Table 9.5.5).

In order to identify Household type spending by the 104 industries from the IxI

table, each of the column vectors of the K matrix is multiplied with the B matrix. For

the first Household type this is,

Kj,1 ×Bj,i =


k1,1

...

k12,1

×

b1,1 · · · b1,12

...
. . .

...

b104,1 · · · b104,12

 (4.5.18)

which produces,

hh1 =


hh11,1

...

hh1104,1

 (4.5.19)

where hh1 is a 104 × 1 vector that tracks the Household consumption expenditure

by Household type 1 across 104 industries. This matrix computation is performed for

all Household types, i.e. there are seven hhi vectors at 104×1. Note that the values of

the hhi vectors are in £m but on a UK level. This is because the data in the K matrix

is real expenditure data for the UK.

Summing up all seven hhi vectors produces,

7∑
i=1

hhi = hhT (4.5.20)

where hhT is a 104× 7 matrix. The rows correspond to the 104 industries from the

IxI table and the columns identify the seven Household types. Each entry gives the jth
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industry’s share of intermediate inputs required to meet the ith Household’s demand

for current goods & services. Table 9.5.6 presents the first and the last 15 industries’

actual data for the hh matrix. The hhT contains the same data as the K matrix, but

the 12 spending categories are disaggregated to 104 industries here. This is captured

in equations 4 and 5 in Table 4.3.2.

As stated above, the values in the hhT matrix are the disaggregated data from the

K matrix and hence these are UK level. Although the hhT matrix does provide disag-

gregated Household information by 104 industries, these figures do not match the IxI

table Household consumption expenditure. Therefore, the disaggregated Household

information in the hhT needs to be matched to the control totals from the IxI table.

The hhT needs to be transformed to capture each Household type’s share of con-

sumption by industry. That is to say that total industry consumption (of 100%) is divided

between the seven Household types in the transformed hhT matrix.

The A4 matrix is a self-constructed 104 × 104 matrix (see Table 4.3.1). The A4

matrix is a diagonal matrix, where the elements are the inverse of the corresponding

row totals from the hhT matrix,

A4 =


a41,1 · · · a41,104

...
. . .

...

a4104,1 · · · a4104,104

 (4.5.21)

Pre-multiplying the hhT by the A4 matrix effectively divides each entry in the hhT

by the corresponding row total. This produces,

hhF =


hhF1,1 · · · hhF1,12

...
. . .

...

hhF104,1 · · · hhF104,12

 (4.5.22)
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where hhF is a 104 × 7 matrix. The jth row identifies each Household type’s

share of the total Household consumption expenditure of the jth industry. The total of

each row j is 1. The ith column is the share of each Household type’s consumption

expenditure by industries.

Table 9.5.7 shows the actual values for the hhF matrix. The bottom row shows the

average share for Household consumption expenditure by Household type. It shows

that the two ‘working’ Households (1 and 2) are responsible for more than half of the

total Household consumption (31% and 24%, respectively).

Note that there are some rows in Table 9.5.7, which have initially no entry. For

example, industries 7. Oil & gas extraction, metal ores and 9. Mining Support. Missing

row vectors are imputed by using the average of all row vectors, touched upon above,

hhi =
1

104

104∑
j=1

hhj,i (4.5.23)

The last step in the disaggregation of the Household consumption vector is to

multiply the control total with the hhF matrix. The Household consumption vector is

transformed into a 104 × 104 for matrix algebra purposes, which is a diagonal matrix.

Each entry is the corresponding row entry from the control vector. In matrix form this

is,

IxIHH =


IxI1,1 · · · IxI1,104

...
. . .

...

IxI104,1 · · · IxI104,104

 (4.5.24)

Multiplying the IxIHH matrix with the hhF matrix produces,
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HH =


hh1,1 · · · hh1,7

...
. . .

...

hh104,1 · · · hh104,7

 (4.5.25)

where the HH matrix is the final 104× 7 matrix. It is the disaggregated Household

consumption expenditure, which is consistent with the IxI control total. This disag-

gregates the Household account in the IxI by Household type, which is also captured

under “IO Expenditure” in the IncExp account.

Table 9.5.8 is the disaggregated Household Account in the IxI table by 104 indus-

tries. The last column, “Total” is the Household account’s “Total Final Consumption

Expenditure” from the IxI table. The corresponding rows give the computed ‘Total Fi-

nal Consumption Expenditure’ by Household type. Summing up the row entries from

all seven Households gives the corresponding total. Thus, the method applied here

results in a disaggregated Household account in the IxI table and consequently in the

SAM that is consistent with the aggregated account.

4.5.2 Household Disaggregation of the Income and Expenditure Account

The second part in disaggregating the Household account in the SAM is through iden-

tifying the seven separate IncExp Household accounts. Table 4.5.1 shows the House-

hold account in the IncExp account from the (aggregated) 2009 SAM for Scotland

(see chapter 2). Each of these entries is used as a control total after the individual

households are calculated. The IncExp account is disaggregated by, first estimating

the IncExp account for each Household type. These are then transformed into shares,

where each entry across Household accounts sums up to 1. For example, summing

up the total income figure for all Household accounts (cell 1 for each Household in Ta-

ble 9.5.11) equals 1. These shares are then multiplied by the control total from Table

4.5.1, in order to produce the disaggregated IncExp account.
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Table 4.5.1: Households in the Income-Expenditure Accounts for Scotland (in £million)

HOUSEHOLDS

1. Income 107,877 10. Expenditure 107,877
2. Income from Employment 63,561 11. IO Expenditure 74,669
3. Profit Income (OVA) 5,289 12. Payments to Corporations 6,401
4. Income from Corporations 15,103 13. Payments to Government 21,379
5. Income from Government 19,835 14. Transfers to RUK 238
6. Transfers from RUK 1,853 15. Transfers to ROW 119
7. Transfers from ROW 2,237 16. Payments to Capital (Savings) 5,070

The data for the disaggregation of the IncExp account for Households come from

two (Scottish) sources, the Scottish Government’s variant of the Intra-Governmental

Tax and Benefit Model (IGOTM) and from the Living Cost and Food Survey (LCFS)

(ONS, 2015, 2011b). This chapter benefited from restricted access to the Scottish

Government’s IGOTM data, which was provided in a way consistent with the entries

shown in Table 4.5.1. All of the Income data, that is cells 2 to 7 are provided by this

dataset for all seven Household types. Note that the total income (cell 1) is simply the

sum of cells 2 to 7. Furthermore, the IGOTM data also disaggregate “Payments to

Government” (cell 13 in Table 4.5.1) from the expenditure side.

The remaining expenditure side entries are disaggregated as follows. The “IO

Expenditure” entry (cell 11) is disaggregated using the method discussed in Section

4.5.1, with cell 11 in in Table 9.5.11 capturing each Household’s total only. Next, “Pay-

ments to Corporations”, “Transfers to ROW” and “Payments to Capital” (cells 12, 15

and 16) are disaggregated using data extracted from the LCFS. The survey contains

variables, which match these expenditure items by the seven Household types.

The survey does not provide an estimate for “Transfers to RUK” (cell 14), however,

which is to be expected since the LCFS is a UK-wide survey with a regional identifier to

extract Scottish data from it, i.e. it is not a Scottish survey. This entry is disaggregated

using the assumptions that the shares for “Transfers to ROW” provide a sufficient es-

timate to identify each Household type’s expenditure share on flows to the ROW as

well. Note that this mirrors the assumption in the original construction of the IncExp
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accounts (see chapter 2). Finally, the “Expenditure” entry (cell 10) is the sum of all the

other expenditure entries, these are cells 11-16.

Table 9.5.9 presents the estimated (/disaggregated) IncExp account by House-

holds. Recall that the seven Household types are: 1) Working without children, 2)

Working with children, 3) Non-working without children, 4) Non-working with children,

5) Pensioners, 6) Multiple tax units without children and 7) Multiple tax units with chil-

dren. The disaggregated Household sector in the IncExp account (see Table 9.5.9)

mirrors the layout of the aggregated IncExp account. Note that the full IncExp ac-

count identifies the income and expenditure flows for other SAM accounts as well, for

example the Government, Corporate, Capital and External account.

The data in Table 9.5.9 are sufficient to disaggregate the Household account in the

IncExp account, however, as it also captures the entries flowing between the other ac-

counts in the full IncExp account. For example, Households receive income from the

Government (“Income from Government”), which is recorded as “Payments to House-

holds” under the Government’s IncExp account (see chapter 2 section 2.4 for a de-

tailed analysis of the full IncExp accounts in the 2009 Scottish SAM).

The Household total income figures in Table 9.5.9 show that there is variation in

the income and expenditure level between the Household types. This difference can

be explained through, first, the Household type characteristics. and second, by looking

at the size of the population in each Household type. First, Households 1 and 2 have

higher income levels than Households 3 and 4, since the former two are ‘working’ and

the latter two are ‘non-working’. Also, the data used here show that Households in

aggregate without children (1,3 and 6) earn more than Households with (children 2,4

and 7).

Secondly, there are likely to be variations in the population size of the different

Household types. These are not accounted for here as just actual values are reported.

Hence, one Household with similar ‘characteristics’ might have only half the number

of Households in it and thus the figures are skewed.
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Generally, the estimated IncExp account (Table 9.5.9), provides better estimates

for the income side than for expenditures. The sources of Household income seem,

on aggregate, appropriate for the various Household types. Households 1, 2, 6 and

7 receive the majority of their income from wages, whilst pensioners (5) fund their

consumption expenditure through income flows from the Government and Corporate

accounts. Note that “Income from Corporations” (cell 4) includes private pension pay-

ments.

Household 3 and 4 are ‘non-working’ and consequently, Household 3 receives

around 96% of its income from the Government and Corporate account (the latter in-

cludes redundancy payments). Household 4, however, receives 63% of its income

from wage income and only 34% from the Government. This seems counter-intuitive,

but could be due to the head of household being unemployed, i.e. ‘non-working’ and

wage income from other Household members flowing to the Household. Household

type 4 is a Household with children, which might necessitate the extra income genera-

tion, but the estimated income results for this Household have to viewed with caution.

The estimates for the expenditure entries in Table 9.5.9, do not provide full cov-

erage. The “IO Expenditure” (cell 11) is wholly disaggregated, i.e. summing up all

entries across Households yields the control total of £74,669m from the base SAM

(this was disaggregated in section 4.5.2). The estimated “Payments to Government”

also provide sufficient detail, but the remaining entries do not. Overall, the data pre-

sented in Table 9.5.9 provide the base for the disaggregation of the Household sector

in the IncExp Accounts. But, the estimated IncExp account does not match the IncExp

account from the 2009 SAM.

Table 9.5.10 gives a comparison between the ‘SAM Household Account Total’ and

the ‘Estimated Household Account Total’, i.e. the one discussed above. Note that

“Payments to Corporations” are a balancing item in the original IncExp account. Also,

the data sources used here, do not capture savings and investments, which are cap-

tured by “Payments to Capital” (see section 4.4 for details on the data sources).

Although the estimated IncExp account does not fully match the control totals of
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the IncExp account from the base SAM, most sources of income (apart from OVA

income) and some expenditure items match up well. The percentages shown next

to the figures in £million are the share of the entry of the respective total (that is of

£107,877m for the SAM and £93,063m for the Estimate). For both, the SAM and

the estimated/disaggregated Household account, wage income is the biggest share of

total income (at 59% and 64%).

The second and third largest shares are “Income from Government”(at 14% and

11%) and “Income from Corporations”(at 18% and 20%), respectively. On the expen-

diture side, “IO Expenditure” is the same on aggregate (see section above), but the

percentages differ (69 % for the SAM compared to 80%for the Estimated account) due

to the variation in the total. “Payments to Government” make up the second highest

share at 20% for both.

Table 9.5.10 further illustrates the ‘Variation’ between the SAM and the Estimated

account (these are the estimated entries subtracted from the control totals). It shows

that the income side is underestimated. In particular, “Profit Income (OVA)” and lesser

so “Income from Corporations” show significant variations when comparing the esti-

mated figures to the SAM control figures (£-4,760m and £-5,254m from a total ‘Vari-

ation’ of £-14,814m) . As noted above, “Payments to Corporations” and “Payments

to Capital” are not captured by the estimated account and hence these entries are

missing in comparison to the SAM entries. Furthermore, the estimates for “Transfers

to RUK” and “Transfers to ROW” do not provide enough ‘detail’ to be used for the

disaggregation and therefore have to be imputed.

Individual Household type shares are produced for the disaggregated IncExp, in

order to match the information from the estimated Household IncExp account with the

aggregated totals. Table 9.5.11 shows the computed shares, which are derived by

dividing each Household Type’s estimated income, µy,kj and expenditure µe,kj entry by

the corresponding total, MY
j and ME

j respectively, for all Households. Note that the µy

entries correspond to the income and the µe entries to the expenditure figures for the

individual Households in Table 9.5.9. The MY
j and ME

j values are the relevant totals
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shown in the previous section in Table 9.5.9. The shares for the income side hence

are,

ηy,kj =
µy,kj

MY
j

(4.5.26)

and for expenditures,

ηe,kj =
µe,kj

ME
j

(4.5.27)

where etaj is a scalar identifying the share of a Household’s total income (y) or

share of total expenditure (e). M is a scalar identifying the total income or expenditure

across households and k identifies the Household type, for example Household 1

(‘Working without kids’). These shares are produced for each entry per Household

type and combined yield,

H1 =


ηy,11 ηe,11

...
...

ηy,17 ηe,17

 (4.5.28)

where H1 is a 7 × 2 matrix, which identifies the Household Type 1’s shares of

the disaggregated IncExp account (for that Household). A Hk matrix is produced for

each Household type and the combined matrices are the ‘Shares Income-Expenditure

Accounts’ in Table 9.5.11).

The shares for each Household are then multiplied by the relevant control total, i.e.

the corresponding IncExp entry from the 2009 SAM for Scotland (Table 4.5.1). This

produces the final disaggregated Household IncExp account, see Table 9.5.12. The

individual entries shares of the corresponding Households total broadly match those

of the ‘Estimated IncExp Account’ in Table 9.5.9. However, there are some variations,

as some entries are either inflated in the final accounts, due to the estimated figures

being too low (see income side). Also, some entries had to be imputed by using the
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share data from Table 9.5.11 and multiplying it with the control totals (Table 4.5.1), for

example “Payments to Capital” as discussed above.

Collapsing the disaggregated Household account to one, yields the same entries

as the original IncExp account,

Λ =
7∑
i=1

hi × Λ (4.5.29)

where:
7∑
i=1

hi = 1. Thus, multiplying the cell entry with each of the Household

shares; hi and summing these up produces the original IncExp account entry, Λ. For

example, summing up all the “Income from Employment” entries for all seven House-

hold accounts in Table 9.5.12 yields the total £63,561m, which is equal to the control

total from Table 4.5.1 (and the figure in the base SAM).

4.5.3 Household Disaggregated SAM for Scotland

Table 4.5.2 is the Household type disaggregated 2009 SAM for Scotland (Household

SAM). It contains all the information and entries as in Table 4.2.2, but with seven

Household sectors. That is to say that the Household SAM tracks the same flows

between Households and the other sectors in the SAM, as the base SAM from chapter

2. The disaggregated IxI entries from section 4.5.1 are identified as totals for each

Household in the Household consumption expenditure on the “Activities” sector. The

remaining Household entries (both rows and columns) flow into the SAM from the

disaggregated IncExp account from section 4.5.2.

The Household SAM allows for a more detailed analysis of both the income as well

as the expenditure flows. For example, Household saving, which are the expenditure

flows to the “Capital” sector, as well as details on wage income, which is the Household

income from “Labour”. Note that Household expenditure on the “Corporations” sector

remains the balancing item, with the total matching the (aggregate) control total of the

base SAM, however.
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As stated above, the disaggregated SAM uses the Household entries as control

totals. Hence, summing up all Households’ expenditure on the “Activities” sector pro-

duces the same value as in the base SAM (£15,567m + £11,986m + £6,897m + £810m

+ £6,267m + £6,267m + £2,007m = £49,802m). An example from the Household in-

come side is summing up all of the income from “Labour”, which again produces the

base SAM total, i.e. matches the control total (£26,643m + £21,026m + £7m + £947m

+ £1,009m + £10,280m + £3,648m = £63,561m). The Household disaggregated SAM

tracks the flows of both income to and expenditures from Households in more detail

and therefore enables more accurate analysis as well as (SAM) simulations of possible

shocks to the Scottish economy.

The Household SAM is of itself a major contribution to the existing SAM-based

modelling approach for Scotland. Furthermore, it is a useful tool, specifically for a

more detailed analysis of the flow of funds in the Scottish economy than is possible

with the (aggregated) 2009 SAM. The Household SAM can also be used as the basis

for a Household disaggregated SAM model. This is partly what is done in chapter 6,

however with a combined Household and Government account disaggregated SAM.

Additionally, the disaggregation of the Household consumption expenditure vector in

section 4.5.1 disaggregates the Scottish IO Tables by Household type. This could be

employed for more detailed IO modelling by itself. Note that section 4.7 details the

Combined SAM.

This section discussed the method employed to disaggregate the Household ac-

count in the SAM. There are two distinctive parts to the disaggregation and both are

successfully disaggregated using a bottom-up approach. Using the Household entries

from the aggregated SAM as control totals ensures consistency across the different

stages of Household disaggregation.

The method discussed above allows for a detailed disaggregation of the House-

hold account whilst remaining statistically robust. As such, this method improves on

previous attempts to disaggregated the Household account, and in particular disag-

gregating by Type has not been done in recent years. The next section combines
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the disaggregated Household account produced in this chapter with the Government

disaggregated SAM from chapter 3.

4.6 Linking the Disaggregated Household and Government

Accounts

The 2009 SAM for Scotland (base SAM) is disaggregated by Households above (see

section 4.5). It is also, separately, disaggregated by Government in chapter 3. This

section combines the two disaggregated SAMs and produces a SAM, which captures

three Government, three Tax account and seven Household (type) accounts (this SAM

is henceforth referred to as the ‘Combined SAM’). This extended database provides

the framework for more detailed SAM modelling (see chapter 6) and more detailed

CGE modelling (see chapters 7 and 8).

Linking the two disaggregated SAMs together does not require additional exoge-

nous data, but some re-calibration of some entries in the Household account. This

is due to the Government disaggregated SAM (Government SAM) treating the Gov-

ernment and the Tax accounts differently than the Household disaggregated SAM

(Household SAM) does. Recall that the Household SAM from section 4.5 treats the

public sector as a unified Government and a unified Tax account, like the base SAM

constructed in chapter 2.

First, this section provides an overview of the Government disaggregated SAM

from chapter 3 as a means of recollection for the reader. This highlights, in particular,

the different treatment of the Government and the Tax account in contrast to how the

Household SAM treats these sectors. For a detailed discussion on the Government

SAM refer to chapter 3. Second, the method of linking the two disaggregated SAMs is

described. Third, the Combined SAM is computed and analysed.
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4.6.1 The Government Disaggregated SAM

Table 4.6.1 is the Government SAM from chapter 3. The Government and Tax ac-

counts are disaggregated to capture all three Governments operating in Scotland.

These are the UK Government, the Scottish Government and the Local Government,

as well as the corresponding Tax accounts. Note that the Household account is unified

here. The “Total” of the Government SAM is larger (at £723,502m) than the House-

hold SAM (at £661,739m), because it captures inter-governmental transfers. Most

other entries are the same as in the in the Household SAM. Where this is not the

case, the difference is discussed below.

The Government SAM identifies public sector income and expenditure by the three

Government sectors operating in Scotland. Public sector expenditures on “Activities”,

“Capital”, “Households”, “Corporations” and the “External” sector are, on aggregate,

equal to the Household SAM. Table 4.6.1 shows that the UK Government pays a ‘block

grant’ to the Scottish Government of £25,303m and the Scottish Government pays the

Local Government, i.e. Local Authorities, £10,644m. Including these transfer pay-

ments inflates the total Government account from the initial £63,530m in the House-

hold SAM to £99,476m.

The total income flows from the “OVA” and from the “External” sector to the Govern-

ment remain the same, on aggregate, as in the Household SAM. The aforementioned

inter-governmental transfers are also recorded on the income side. That is to say that,

for example, the ‘block grant’ from the UK Government to Scotland is recorded as

both an expenditure for the UK Government, but also as an income for the Scottish

Government.

The tax flows are captured differently here. In the Household SAM some tax pay-

ments from both the Household and from the Corporate sector are captured as direct

payments from the respective sector to the Government sector. The remaining direct

and indirect taxes, such as VAT and Aggregates Levy are captured as payments to the

Tax account in the Household SAM.
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The Government SAM, however, records the flows of all taxes directly to the rele-

vant Tax account. That is to say, taxes are paid to the Tax account of the Government,

which is assigned the collection of the taxes. For example, VAT and income tax are

paid by the respective sectors to the UK Tax account. These changes to the treatment

of taxes, allow for devolved taxes to be captured in the Government SAM, which is not

possible in the Household SAM.

For example, Council Tax and the Non-Domestic Rate are devolved to the Local

Government under the Scotland Act 1998 (The UK Parliament, 1998). As reported in

Table 4.6.1 with Households paying £1,961m to the “Local Tax” account and Corpora-

tions paying £1,801m to the “Local Tax” account. The income from each Tax account

then flows back as income to the corresponding Government sector. Therefore, the

income side of the Government account includes now all appropriate taxes as one, for

example, £3,761m of Local Tax to the Local Government.

The Tax accounts now capture both direct tax payments, which flow straight to the

Government sector in the Household SAM as well as indirect tax payments. These are

captured under “Taxes on Expenditure” in the Household SAM. The expenditures of

the tax accounts are the payments of the collected taxes to the relevant Government

account. For example, the UK Tax account receives £35,221m as total income, which

it then transfers to the UK Government (see Table 4.6.1).

Capturing the inter-governmental transfer payments and modifying the treatment

of taxes, enables more detailed modelling of potential changes to the fiscal framework

in Scotland. For example, the devolution of taxes under the Scotland Act 2012 or the

current Scotland Bill (The UK Parliament, 2012, 2015). These changes to the Scottish

fiscal framework are incorporated into the combined Household and Government SAM

model in chapter 6.

4.6.2 Method

The Combined SAM identifies three Government and three Tax accounts as well as

seven Household (type) accounts. The first step is to determine whether the Gov-
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ernment or the Household SAM provides the framework for the Combined SAM. The

Government SAM is used as the control total for the Combined SAM. This is because,

as outlined above, the Government SAM alters the treatment of the Government and

the Tax accounts significantly from how they are treated in the Household SAM.

Adding the additional data contained in the Household SAM to the Government

SAM is straightforward and requires only some combined entries to be re-calibrated.

Most of the disaggregated Household accounts’ entries are simply added to the Gov-

ernment SAM, by adding the corresponding rows and columns. However, the entries

which capture the flow of funds between Households and the Government and Tax

accounts need to be computed. There are three distinct parts to combining the two

SAMs.

First, the flow of funds from Households to Corporations is the balancing item in all

versions of the SAM. In the Household SAM, the value for this is calculated at £6,401m.

In the Government SAM, however, it rises to £7,031m, as explained in Section 3.5.2.

Note that this re-balancing of the Household account results in altering the individual

Household accounts’ totals (in comparison to the Household SAM), whilst holding the

combined Household total constant at £107,877m.

Second, both direct and indirect tax payments from Households to the Tax ac-

counts are disaggregated by Households. This is done by using the same shares

that are employed to disaggregate tax payments in the Household SAM. The data

for this are from IGOTM. Recall that these tax payments are captured both as direct

payments from Households to the Government as well as payments to the “Taxes on

Expenditure” account in the Household SAM.

Table 4.6.1 shows that Household make payments of £25,356m to the UK Tax

account and of £1,961m to the Local Tax account (these are both direct and indirect

taxes). Note that these figures from the Government SAM are used as the control

totals for the Combined SAM. The IGOTM shares are then multiplied with the relevant

control total in order to compute tax payments disaggregated by both Tax account and

Households.
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Note that the Government SAM reflects the fiscal framework for Scotland under

the Scotland Act 1998. Here only the Council Tax is devolved to Scotland (The UK

Parliament, 1998). That tax is paid to the Local Authorities, hence this is captured as

flows of funds from Households to the Local Tax account (£1,961m in Table 4.6.1).

The remaining taxes, both direct and indirect, paid by Households all flow to the UK

Tax account (£25,356m in Table 4.6.1).

Third, payments from the Government to Households, i.e. welfare/benefit pay-

ments are disaggregated for the Combined SAM. The Government SAM identifies that

£13,519m of welfare payments flow from the UK Government to Households. A further

£6,316m flow from the Local Government to Households (see Table 4.6.1). The same

method as with tax payments above is employed in order to identify welfare payments

by both Government and Household.

The IGOTM data used in the Household SAM disaggregates welfare payments by

Household type. The Government SAM control totals for welfare spending are mul-

tiplied with the “Income from Government” shares from Table 9.5.11. This disaggre-

gates welfare spending by both the Household and Government account. Note that

the same shares are used for the UK Government payments and for the Local Gov-

ernment payments. The Scottish Government is not assigned any welfare payments

here, since this is not part of the devolution settlement under the Scotland Act 1998

(The UK Parliament, 1998).

The method outlined above uses the Government SAM as control totals. The corre-

sponding shares used in the construction of the Household SAM are multiplied with the

tax and welfare entries in the SAM. The method uses the same data that is employed

in building the Government and Household SAM, which ensures internal consistency

between the different stages of disaggregation.

4.7 Combined SAM Analysis

The Combined SAM provides great detail on the flow of funds between the private

and public sectors in the Scottish economy. It combines the income and expenditure
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flows by seven Household types from the Household SAM with the disaggregated

Government and Tax accounts from the Government SAM. Hence, the Combined SAM

inhibits the level of detail of both the Household and of the Government SAM in one

system. This is a unique level of detail for a Scottish SAM.

The Combined SAM fulfils the data requirements for this thesis to study both the

fiscal framework for Scotland under different stages of fiscal devolution (see chapter

6) as well as the impact of tax shocks across Households (see chapter 8).

Section 4.7.1 discusses the Combined SAM, which includes analysing the flow

of funds information contained in it. Section 4.7.2 looks at some of the underlying

statistics of the data employed in the SAM, with particular emphasis on the population

data of the Household types. The focus of this section is on the entries that combine

the information of the Household and of the Government SAM.

4.7.1 The Combined Household and Government Disaggregated SAM

Table 4.7.1 is the Combined Household and Government Disaggregated 2009 SAM

for Scotland. It expands on both the Household SAM and on the Government SAM.

It identifies income and expenditure flows for seven Household type accounts, three

Government accounts and three Tax accounts in one SAM framework. It is consistent,

on aggregate, with the Government SAM, which was used as a control total for linking

the Government and the Household SAM.

Furthermore, it is consistent with the methods employed to build the Household

SAM as well as with the methods used for the construction of the Government SAM.

That is to say, that although the Government SAM provides the control totals also for

the aggregated Household account, the way the Household account is disaggregated

is consistent with the method employed for the Household SAM.

The Combined SAM’s total is £723,502m, that is the the same as for the Govern-

ment SAM which was used as the control total (see Tables 4.6.1 and 4.7.1, respec-

tively). The individual account totals shown in Table 4.7.1 are also equal to those in
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the Government SAM. The aggregated Household account total at £107,877m is the

same as in both the Government and the Household SAM.

Table 4.7.1 identifies the flows from Government to Households and from House-

holds to the Tax account in greater detail than any previous SAM for Scotland. The

Combined SAM captures the Government disaggregated welfare flows from the public

sector to Households. These flows are disaggregated here by Government and the

seven Households.

The total amount of transfer payments by the UK Government is £13,519m and the

Local Government makes transfer payments to Households of £6,316m. The Scottish

Government does not make any welfare payments here. However, different stages of

fiscal devolution are modelled in chapter 6, including welfare payments from Scotland.

Note that the total amount of transfer payments differs between the Government

accounts, but the proportions received by Households of the total welfare spending

are constant. That is to say that, for example Household 3 is the highest recipient of

welfare by all Government accounts and Household 4 receives the smallest amount of

transfer payments.

The figures in Table 4.7.1 show that, for example Household type 1 receives £832m

from the UK Government and Household 2 receives £2,131m. Recall that Household

1 and 2 are both ‘working’ Households, but Household 1 is ‘without children’ whereas

Household 2 is ‘with children’. Hence these figures indicate that Households with

children receive, as expected, a higher benefit package.

The transfers from the UK Government to Household 3 are £4,721m and to House-

hold 4 are £346m. Recall that Household 3 is ‘non-working without children’ and

Household type 4 is ‘non-working with children’. This might seem counter-intuitive

at first, since Households with children are subject to higher welfare benefits than

Households with the same broad characteristics but without children are (for exam-

ple through ‘child benefit’ (Department for Work and Pensions, 2015a)). However,

these differences might be due to the classifications of the Household types. This is

discussed in detail in section 4.7.2.
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The remaining UK Government to Households payments are for Household 5,

‘Pensioners’, and for Household 6 and 7, ‘Multiple Tax Units without children’ and

‘Multiple Tax Units with children’, respectively. Pensioners receive £3,949m, which is

the second highest welfare payment. This figure is made up predominantly of state

pension payments and other retirement benefits (Department for Work and Pensions,

2011a). Household 6 receives £1,140m and Household 7 £401m. The latter House-

hold types include a wide variety of Households with different characteristics. Hence,

it is difficult to analyse the exact benefit framework that is underlying these payments.

The Local Government also makes welfare payments to Households as noted

above. These are not discussed in detail here, since, although smaller in total vol-

ume, the Local Government payments are equal in proportion to those made by the

UK Government to Households. Hence the underlying data characteristics mentioned

above, i.e. Household type classifications, also affect the numbers here.

Additional to the more detailed flows from Government to Households, the Com-

bined SAM also captures tax payments at a disaggregated level. Table 4.7.1 identifies

both direct and indirect tax payments by seven Household types to three Tax accounts

(UK, Scottish and Local). Since the Combined SAM reflects the fiscal arrangements

for Scotland of 2009, Households are paying most of their taxes to the UK Government

and some to the Local Government.

Table 4.6.1 shows the total of taxes flowing from Households to the UK Government

at £25,356m and to the Local Government at £1,961m. The latter is Council Tax,

which is collected by Local Authorities in Scotland (The UK Parliament, 1998). All

remaining taxes paid by Households flow to the UK Government through the UK Tax

account in Table 4.6.1. Note that the Scottish Government does not receive any taxes

here. However, the Scottish Government does receive Household tax payments under

further stages of fiscal devolution, for example, under the Scotland Act 2012 (The UK

Parliament, 2012) . This is modelled in chapter 6.

Households 1 and 2 pay the highest amount of taxes to the UK Government with

£8,316m and £8,087m, respectively. Recall that these are the two ‘working’ House-
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holds and hence income tax payments as well as national insurance payments will be

highest for these Household types. In contrast, Households 3 and 4 pay £530m and

£296m each. These are the ‘non-working’ Households, hence the difference in the tax

payments is well founded (see ONS (2012) for further details).

Household 5, ‘Pensioners’, pay £2,513m in taxes to the UK Tax account. House-

hold 6 and 7 pay £4,081m and £1,532m, respectively. The latter two Household types

are the ‘multiple tax units’, which are difficult to classify based on Household char-

acteristics. However, these Household accounts include ‘working’ Households, which

are subject to the same tax liabilities as Households 1 and 2, for example. The total

volume of tax payments by Household type in the Combined SAM are also subject to

the impact of the classification for each Household account. This will be discussed in

section 4.7.2.

As noted above, Households also pay the Local Taxes, which is the Council tax

only here. Although smaller in total, the distribution across Households is the same as

for the UK Tax payments. Therefore, these payments are not discussed in detail here.

The Combined SAM offers a unique level of detail for the flow of funds in Scot-

land. The SAM has ‘full’ industry disaggregation with 104 sectors, seven Household

accounts (by type), three Government accounts and three Tax accounts. The Com-

bined SAM identifies welfare and tax payments, in particular, at a highly disaggregate

level, as discussed above. These data enable researchers to model changes to the

fiscal framework in greater and more accurate detail (see chapter 6). Furthermore,

the SAM is the building block for a more disaggregate CGE model, which incorporates

both a disaggregated Household account and a disaggregated Government account

(see chapter 8).

4.7.2 Tax and Welfare Flows Analysis for the Combined SAM

As noted above, the transfers between the Household and the public sector in the

Combined SAM are affected by underlying data characteristics such as the classifica-

tion of Household types. This section discusses the entries between Households and
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the Government and Tax accounts in detail through the use of some summary statis-

tics. Understanding the flow of funds between these sectors is vital for interpreting the

results in any modelling work, for example the SAM modelling in chapter 6.

Recall that there are three groupings of Household types: 1 & 2 are ‘working’, 3 & 4

are ‘non-working’ and 6 & 7 are ‘multiple tax units’. Note Household type 5 captures all

Households classified as ‘Pensioners’, hence there is no comparative type. Highlight-

ing the difference between Households with similar characteristics, e.g. the groupings

above or whether Households are with or without children, aides the reader’s under-

standing of the accuracy of the Household type classifications, discussed below.

Table 4.7.2 reports the totals of tax payments and of welfare receipts by Household

type. The second line under ‘Total Tax Payments’ as well as under ‘Total Welfare

Receipts’ is the proportion of each Household’s tax expenditure/ welfare income of the

total. These data illustrate that Households 1 and 2 (‘working’) have the highest tax

liabilities with around 65% of the total. In contrast, Households 3 and 4’s tax payments

make up a combined 3% of the total.

Household 5’s tax liability is around 10% of the total and Households 6 and 7’s is of

a combined 22%. Overall, the data show that Households with children (Households

2, 4 and 7) pay less tax than those in the same ‘grouping’ but without children (House-

holds 1, 3 and 6). The differences between the two ‘working’ and the two ‘non-working’

Households is at just 1 percentage point, whereas Household 6 pays 10 percentage

points more tax than Household 7.

Table 4.7.2 also reports figures for tax payments that are ‘Final Demand Weighted’.

These figures are computed by multiplying each Household’s tax payment with the

corresponding ‘Final Demand Share’ for each Household These shares are reported

in the last row in Table 4.7.2.

Weighing the tax payments by the Final Demand Share produces figures that re-

flect the tax liability by Households’ purchasing power. This method aides in comparing

the tax liability across the different Household groupings. Note that Households are
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Table 4.7.2: Households and Public Sector Transfers, 2009 basic prices (£million)

HH 1 HH 2 HH 3 HH 4 HH 5 HH 6 HH 7 Total

Total Tax Payments 8,970 8,747 554 323 2,676 4,387 1,658 27,317

33% 32% 2% 1% 10% 16% 6%

Final Demand Weighted 8,539 6,575 3,783 444 3,437 3,437 1,101

Variation 432 2,173 - 3,229 - 121 - 761 950 557

Total Welfare Receipts 1,220 3,126 6,926 507 5,794 1,673 589 19,835

6% 16% 35% 3% 29% 8% 3%

Final Demand Total 15,567 11,986 6,897 810 6,267 6,267 2,007

Final Demand Share 31% 24% 14% 2% 13% 13% 4%

subject to different tax liabilities and benefit receipts if, for example, children are part

of the Household. This is not taken into account when applying the Final Demand

weight.

Table 4.7.2 identifies, for example, that Households 1 and 2 have very similar tax

liabilities of £8,970m and £8,747m, respectively. In contrast, their Final Demand Totals

are £15,567m for Household 1 and £11,986m for Household 2. Applying the Final

Demand weight to the tax payments produces a figure for Household 1 of £8,539m

and for Household 2 of £6,575m. Hence, the Final Demand Weighted tax payments

are both adjusted downwards by £432m for Household 1 and £2,173m for Household

2 (these figures are reported under ‘Variation’ in Table 4.7.2).

These figures suggest that Household’s 2 actual tax burden is proportionally higher

than Household 1’s. In particular, if taking into consideration that Household 2 is the

‘working’ Household with children. The actual tax payment figures and the Final De-

mand weighted figures are reproduced in Figure 4.7.1. In general, the ‘working’ and

‘non-working’ Households’ actual tax liabilities are close in terms of value.

127



Figure 4.7.1: Household Tax Payments Comparison

Figure 4.7.1 shows that there are some significant variations when the weight-

ing is applied, in particularly for Households 2 and 3. It illustrates that the weighting

of the figures results in a more even distribution of tax liabilities overall. This sug-

gests that Household tax payments are not reflective of some Households’ purchasing

power. Note that the Household types are grouped by characteristics and not by pop-

ulation size. That is to say that the different Household groups can differ significantly

in how many individual Households are included in each type. Due to the various data

sources used in disaggregating the Household account, there is no accurate popula-

tion estimate for each type, however.

Table 4.7.2 also reports the Total Welfare Receipts by Households and their re-

spective shares. Note that no weighting for the Final Demand Total is applied to these

figures. Across the different Household groupings, the two ‘non-working’ Households

(3 and 4) receive the highest share of welfare receipts with a combined total of 38%.

Next, ‘Pensioners’ (Household 5) receive 29%. The two ‘working’ Households (1 and

2) receive 22% in total and Households 6 and 7 receive a combined 11%.
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The general distribution of welfare receipts seems sensible. However the welfare

payments to Household 4 seem counter-intuitive. Households 3 and 4 are both ‘non-

working’, and Household 4 is ‘with children’. Household 3 receives 35% of all benefits,

whereas Household 4 receives only 3%. However, the actual tax and welfare figures

are not weighted for the population size of each Household type. That is to say that

Household type 3 might include a larger share of the total population than Household

4.

Overall, the data in Table 4.7.2 aligns with the tax and welfare flows in Scotland

observed in other official publications Department for Work and Pensions (2011a,

2015b). In general, working Households pay most of Household tax and those who

are not working, pay the smallest amount. Also, non-working and pensioner House-

holds receive the highest amount of welfare. As highlighted above, the actual figures

do not take account of population size.

4.8 Conclusion

This chapter disaggregated the 2009 SAM for Scotland by seven Household types.

The method of disaggregation employs, where possible, publicly available data and is

replicable for other years and potentially other regions/countries. The disaggregation

offers a ‘full’ industry breakdown (104 industries).

Furthermore, this chapter combined the Government and the Household SAM to

produce a SAM, which is disaggregated by seven Household types and three Govern-

ment and three Tax accounts. This is a unique level of disaggregation, which enables

more detailed and accurate studies of the flow of funds in Scotland.

The Combined SAM provides the framework for a more detailed SAM model. For

example, the impact of an exogenous demand shock under different stages of fiscal

devolution (see chapter 6). Furthermore, the Combined SAM can be employed for

a disaggregated CGE model that simulates the distributional impact of fiscal policies,

such as a hike in income taxes (see chapter 8).
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Chapter 5

Type II Multiplier Analysis

5.1 Introduction

Input-Output (IO) multiplier are widely used in order to simulate the impact of exoge-

nous shocks to an economy. Most commonly demand shocks are modelled using IO

Type I and Type II multipliers. Type I multipliers capture the linkage effects between in-

dustries with the household sector being treated as an exogenous expenditure sector.

Type II multiplier aim at incorporating the impact on household consumption following

the initial demand shock.

This chapter compares methods for calculating IO Type II multipliers. These are

formulations of the standard Leontief demand-driven IO model which attempt to en-

dogenise at least a part of household consumption. This is done essentially through

a two-step process. First, a link is made between income generated in production

and household income. Second, the endogenous change in household income then

stimulates corresponding changes in household consumption.

There are two basic IO Type II multiplier methods that are available in the literature.

This difference does not appear to be explicitly acknowledged or understood in the cur-

rent literature. The choice of the Type II method has a marked effect on the multiplier

value. This lack of homogeneity in deriving the Type II multiplier is also problematic

when multiplier values are compared across different economies. The discussion of

these different methods also raises methodological issues such as the treatment of

non-wage income.
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In this discussion the standard IO assumptions that hold in production are assumed

to be extended to the generation of household income and expenditure. These as-

sumptions are that there are no supply constraints and that there are fixed coefficients

in the linear production and consumption functions. This implies that all responses to

changes in demand occur through changes in output, with no changes in prices, and

that these responses are linear, with average and marginal values being identical.

This chapter sets out to contrast the two principle methods for deriving Type II mul-

tipliers and to highlight the difference in computation and interpretation between them.

Section 5.2 summarises the underlying issues when endogenising household expen-

diture for the Type II multipliers, section 5.3 outlines the different Type II multipliers in

detail and section 5.4 provides an introduction to Social Accounting Matrix multiplier.

Section 5.5 analytically compares the Multiplier Values, section 5.6 outlines the data

used, 5.7 details the calculations and 5.8 analyses the results. Section 5.9 discusses

the implications of the findings and concludes.

5.2 Endogenising Households in Type II Multipliers

Input-Output (IO) multipliers are widely used in order to simulate the impact of exoge-

nous shocks to an economy, see for example Allan et al. (2007); P. McGregor et al.

(2008); Wiedmann et al. (2007). Most commonly demand shocks are modelled using

IO Type I and Type II multipliers, for example Fraser of Allander Institute (2014).

For an increase in final demand, in one sector, the Type I multiplier incorporate two

distinct output effects. The direct effect is the increase in production required in that

sector to satisfy the change in final demand. The Type I multiplier also incorporates

the expansionary effect on the output of intermediate sectors, and how these sectors

will in turn increase their demand for their own intermediate inputs, and so on. The

activity that is generated by the sum of these demands for intermediate inputs is the in-

direct effect. The indirect effect thereby identifies the interdependencies of the various

sectors to satisfy a final demand increase in one sector (Miller & Blair, 2009).
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These multiplier effects occur because sectors buy / sell intermediate inputs to

one another. Therefore an increase in sales in one sector increases output in others,

generating a linear relationship between final demand and output. IO analysis demon-

strates that all output can be attributed to final demand, since all intermediate demand

is endogenised, and that multipliers show how a change in final demand results in

the change in vector of outputs. The sum of these changes gives the value of the

respective output multiplier (Miller & Blair, 2009).

Type I multiplier treat household consumption as an exogenously determined final

demand category. Type II multiplier aim at also capturing the impact on household con-

sumption following the initial demand shock. This is done by endogenising household

expenditure in the model. That is to say, households are now treated as an income

sector.

By endogenising households, the Type II multiplier shows three levels of effect: the

direct- and indirect effect (as seen in the Type I multiplier) and the induced effect. This

effect shows induced changes in household consumption (Miller & Blair, 2009). This

change is due to the impact that the initial demand shock has on the income (wages

and other income sources) for households and their change in spending compared to

the base scenario. This approach is similar to that taken in the Keynesian multiplier

where changes in output lead to changes in household income which in turn changes

household expenditure (Raa, 2006).
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IO tables have GDP determined in production which in turn is a primary source

of household income. The Type II multiplier therefore attempts to link household con-

sumption to income generated in production. The different methods used to endo-

genise household expenditure in the Type II multiplier focus on wages but use different

methods to link wages to household expenditure. A secondary issue that must be

acknowledged is that there are other income sources to households, such as Other

Value Added (OVA).

A literature review reveals that Miller and Blair (1985) and Batey (1985) adopt alter-

native methods in calculating the Type II multiplier. These two methods are henceforth

referred to as Miller&Blair and Batey1 respectively. The aim of both methods is to

endogenise households by using information that is contained within the IO tables (the

data used to compute the multipliers).

The Type IIMiller&Blair uses the total of the “Compensation of Employee” (wages)

as the denominator for the technical coefficients of the household sector. Thereby this

method endogenises all of household consumption by linking it to wages. Yet, this

method does not acknowledge that there are income flows (such as OVA), and thereby

does not take into account expenditures driven by exogenous income. This method

thereby tends to inflate multipliers (Miller & Blair, 1985).

The benefit, however, of using this method is that the data required to compute

the Type II multipliers are available within the IO tables. This method would be correct

in situations where there are no additional flows of income to households other than

wages.

The Batey1 multiplier uses the total household expenditure as given in the IO table

as the denominator. This method tries to counter the shortcomings of Miller&Blair

by attempting to endogenise only that part of household consumption that is driven

by wages which are linked to production. Yet, this method does not explicitly link

transfers and other income sources generated in production to households. Thereby,

the multipliers derived by this method may be ‘too small’ (Batey, 1985). Again, the
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benefit from using this method is that the data required to compute the Type II multiplier

are available within the IO tables.

It is, however, anticipated that both Miller&Blair and Batey1 are not adequate

in endogenising household expenditure flows, as IO tables, by design, do not capture

all income and expenditure flows to households. Batey1 recognises this there are

no explicit links within the IO data to capture the implied flows of funds. Moreover, the

size of the multipliers is expected to vary significantly between these two models. Both

methods have a weakness in appropriately endogenising factors of income and in link

these to household consumption.

Given these shortcomings a third Type II model is used, which includes all known

income flows to households from a source external, but compatible, to the IO tables.

This method uses data from a Social Accounting Matrix (SAM) which captures all

household income and expenditure flows in a explicit way. That is to say, it identifies

‘all’ income flows between production and domestic institutions (including households).

The SAM is an extension to the IO tables and incorporates these fully. Thereby the

derived multipliers stem from comparable data. The third Type II model, henceforth

referred to as Batey2, uses the total expenditure of the household sector from the

SAM.

Batey2 is similar to Batey1 in that it does not treat all of household expenditure

as endogenous but it includes income flows in addition to wages. Thereby, Batey2 is

more inclusive in linking income to household expenditure. In order to measure which

model has the closest approximation, a SAM multiplier is also computed.

The SAM multiplier offers the most inclusive study of the multipliers. As well as en-

dogenising the household sector, the SAM multiplier also endogenises the corporate

sector. The advantages of the SAM are that it fully identifies the sources of house-

hold income. It therefore has more scope in completely identifying linkages between

production and income sources.
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The SAM multiplier is used as a benchmark as it automatically includes the Com-

pensation of Employees and household coefficients. The inter-industry flows and the

Income from Compensation of Employees entries are the same for the IO and the

SAM multiplier calculations. The variation of the multiplier values for the methods is

due in part to the different totals used for endogenising the household sector. Thus

the assumption is that the multipliers closest in value to the SAM multipliers are the

most inclusive Type II multipliers. The detailed derivation of the different multipliers is

given in the following section.

5.3 IO Multiplier

IO tables allow for the computation of various types of multipliers, including income,

employment and output multipliers. The focus here is on the latter. The output multi-

plier is the most basic multiplier. Other multipliers, such as the employment multiplier,

are built on the framework of the output multiplier. Therefore, both Type I and Type II

income and employment multiplier, for example, can be analysed following the same

procedure. Type II multipliers are extensions of Type I multiplier.

Section 5.3.1 outlines the derivation of the Type I multiplier. Section 5.3.2 derives

the generic Type II. Section 5.3.3 details the Miller&Blair model. Building upon this,

the following sections (5.3.4 and 5.3.5) outline Batey1 and Batey2.

5.3.1 Type I

The Type I multiplier quantifies the ‘knock-on’ effects throughout the economy of a

change in final demand. It incorporates the direct and the indirect effect associated

with the production for final demand (Miller & Blair, 2009). The data needed for the

computation of Type I multiplier are the inter-industry flows documented in the IO ta-

bles, the relevant column totals as well as the “Total Output” for each industry. The

derivation of the Type I multiplier is outlined below. A more detailed description of the

Type I multiplier is presented in Appendix 5. The Type I multiplier is the framework on
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which all other IO multipliers, including the Type II output multiplier in this chapter, are

based.

The Type I, as well as, the Type II multiplier in section 5.3.2 and the SAM multiplier

in section 5.4 are based on Leontief production functions (Miller & Blair, 2009). An

underlying assumption here is that quantities and thus technical input coefficients are

fixed.

Practically this translates into assuming fixed prices for multipliers derived from the

IO framework. That is prices for intermediate and final goods as well as the propor-

tions of inputs needed for production remain constant and do not change following an

exogenous shock to the IO or SAM system. This implies that only outputs of produc-

tion factors adjust to clear markets whilst prices remain fixed. Furthermore the supply

of non-produced inputs is assumed to be completely elastic at the existing price.

All IO multiplier are based on the Leontief Inverse (Leontief, 1986). Equation 5.3.1

details the first step in its derivation for an economy with n production sectors. The

column totals of which are the output multiplier for the respective industry. The A-

matrix is a n × n-matrix of the technical coefficients, derived by dividing each sector

column entry by its relevant column total. The x is a n× 1-matrix of the total output of

each sector i. f is a n × 1-matrix and this is the Final Demand total of each sector,

respectively.

Ax+ f = x (5.3.1)

Equation 5.3.2 shows the intermediate step in order to derive the equation for the

total output of each sector x. Subtracting Ax from both sides of 5.3.1 gives

f = [I −A]x (5.3.2)

136



Pre-multiplying both sides of 5.3.2 by [I −A]−1 produces the familiar:

[I −A]−1f = x (5.3.3)

The total output of each sector x is given by Equation 5.3.3, which also shows the

Leontief Inverse explicitly, [I −A]−1. Equation 5.3.3 means that a unit increase in final

demand for output i will generate increases in output in the jth industry that can be

found as the jth element of the ith column of the [I −A]−1. Summing the elements of

column j gives the Type I multiplier for sector j, M I
j . This is the total output across all

sectors associated with a unit increase in exogenous demand for the output of sector

j. If there are n sectors it is given as:

M I
j =

n∑
i=1

ai,j (5.3.4)

Note that equation 5.3.3 can be interpreted as an accounting identity, in that any

initial set of IO accounts can be manipulated in this way so that the actual vector of

outputs is attributed to actual final demand. Imposing all the relevant assumptions re-

sults in equation 5.3.3 being interpreted as a model in which changes in final demand

will drive, in a linear and deterministic manner, total output.

5.3.2 Type II Output Multiplier

The Type II output multiplier extends the Type I output multiplier by linking household

consumption to income generated in production. In the Type I model, household con-

sumption demand is included in (exogenous) final demand. Type II multipliers seek to

endogenise some or all of the household consumption. As noted earlier, this should

be in principle linked to all income that is generated in production. In practice both

Type II IO approaches link household consumption to wage income.
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This task presents two central problems, both relating to the limited information

available in the IO accounts. The first is that it is not possible to track fully all the in-

come that is generated in production which goes, either directly or indirectly, to house-

holds. The second is that with the data given in the IO accounts, accurate household

coefficients cannot be calculated.

Type II multiplier incorporate the induced changes in household consumption whilst

retaining the direct and indirect effects, as outlined for the Type I multiplier (Miller &

Blair, 2009). This induced change is a result of the impact of the demand shock on

household income (both wages and other income sources) and thus their (induced)

change in spending compared to the base scenario. Note that it is consistent with

Keynesian multiplier analysis, which is driven solely by consumption demand (Raa,

2006).

To begin, although household income should be linked to all factor income that

is generated in production, the conventional IO Type II approaches tie endogenous

household consumption solely to wage income. The total wages, W , generated in

production are straightforward to calculate. They are given as:

W = wx (5.3.5)

In equation 5.3.5 w is the 1xn vector of wage coefficients, where the ith element

is the wage payment in sector i divided by the total output of that sector. In the Type

II multiplier, labour demand is therefore generated in the same way as the demand for

any other intermediate input.

The key aspect of the Type II multiplier is that the household consumption de-

mand vector given in the IO accounts, c, is divided into two n× 1 vectors representing

endogenous, cZN , and exogenous, cZX , household consumption expenditures. In prin-

ciple, endogenous household consumption expenditure is expenditure funded by in-

come generated in production, whereas exogenous household expenditure is financed
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through savings, transfers (pensions, welfare payments, etc.). Each of the three multi-

plier methods, identified by the superscript Z, does this breakdown in a different way,

but in all:

These, together with the matrix of technical coefficients A, do not vary across

different Type II IO methods. However, the hZ , the n × 1 vector of household coeffi-

cients, does differ across the different approaches and this affects what is taken to be

exogenous final demands. Therefore where equation 5.3.4 is taken as an accounting

identity, the different methods will have different values for the level of (exogenous)

final demand.

c = cZN + cZX (5.3.6)

In the Type II IO context, the ith element of the cZN vector is equal to the appropriate

consumption coefficient, φZN , times what is taken to be the endogenous household

income, Y Z
N . Therefore:

cZN = φZN + Y Z
N (5.3.7)

where φZN is the nx1 vector of endogenous household consumption coefficients.

Combining equations 5.3.2, 5.3.5, 5.3.6 and 5.3.7 and presenting in matrix form gives:

BZjZ + fZ = jZ (5.3.8)

where BZ is an (n + 2) × (n + 2) matrix, and where fZ and jZ are n + 2 column

vectors, given as
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Bz =


A 0 φZN

w 0 0

0 1 0

 , fz =


f − cZN

0

0

and jz =


x

W

Y Z
N

 (5.3.9)

Using the familiar matrix inversion, the Type II accounting identity that corresponds

to equation 5.3.3 in the Type I formulation:

[I −BZ ]−1fz = jz (5.3.10)

The matrices and vectors A, w and c do not vary across different IO Type II meth-

ods. However the φZN vector of endogenous household coefficients does and this

will also imply variations across multiplier methods in the endogenous final household

consumption demand vector, cNZ .

As with the Type I multipliers, if βi,j is the coefficient in the ith row and jth column,

the multiplier value for sector j is the sum of the first n elements of the jth row. That

is to say:

MZ
j =

n∑
i=1

βi,j (5.3.11)

Again, this is the impact on total output of a unit change in the exogenous final

demand for the output of sector j.

5.3.3 Type II - Miller & Blair

Miller and Blair endogenise all household consumption. That is to say, cM+B
N = c and

total household income, Y , consists solely of wages, so that Y = W . The ith element

of the endogenous household consumption vector, φM+B
N , is therefore calculated as
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the ith element of the total domestic household consumption vector, ci, divided by the

total wage payment, W , so that:

φM+B
N =

[ c
W

]
(5.3.12)

Also implicit in this approach is that when equation 5.3.4 is used as an account-

ing identity, the exogenous final demand vector includes no household consumption

demand (Miller & Blair, 1985).

A major benefit of using the Miller&Blair multiplier is that the data needed for the

computation of the multiplier are all contained in the IO tables. However, as discussed

above, using the total of household wage income for endogenising the household sec-

tor excludes other income sources from being internalised in the model. Furthermore,

this total results in an inflated multiplier.

The primary problem for the Miller&Blair method is that typically only around

60% of all household income comes from wages (as detailed in chapter 2), yet the

whole of household expenditure is determined by wage income in this method. This

means that typically the sum of the coefficients in the household consumption vector,

ci, is greater than one. Moreover, perhaps more critically, some elements of household

consumption, such as pensions and some government transfers, are conventionally

treated as being exogenous, independent of income generated in current production.

This issue is ‘fudged’ in the example given in Miller and Blair (1985) where the sum

of household consumption is made to arbitrarily equal the total wage payment. This

would be correct in a situation in which there is no flow of OVA or other transfer pay-

ments to household income. Or if other transfer payments were linked either directly

or indirectly to wages.

One example that would make the Miller&Blair approach defensible would be

if transfer payments to households would be proportionate to the population and the
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population would be proportionate to employment. This is a fairly restrictive assump-

tion placed on the economy and one that does not correspond to any empirical evi-

dence.

As discussed later, perhaps even more critical is the fact that there are elements of

household consumption, such as pensions and some government transfers, that are

not dependent on income generated in current production. Therefore it is expected

that the Miller&Blair approach overestimates the true Type II multiplier values.

5.3.4 Type II - Batey 1

In the approach outlined in Batey (1985) the Type II multiplier captures the house-

hold consumption that comes through changes in wage income alone. In this case,

the vector of household coefficients, φB1
N , is constructed by dividing the entries in the

household consumption column in the IO accounts by total household consumption,

C. This implies that the ith element of the vector of coefficients equals:

φB1
N,i =

[ ci
C

]
(5.3.13)

A benefit of the Batey1 multiplier approach is that is can be computed using data

contained in the IO tables alone. However, a drawback to this approach is the obverse

of the problem facing the Miller&Blair method. Miller&Blair is criticized above for

assuming that all income to households comes from wages.

However, a criticism of Batey1 is that there are also sources of income generated

in production, apart from wages, that make their way into household income. Income

enters the household account directly from OVA and also indirectly through the ele-

ments of corporate income that are distributed to households. Therefore endogenising

household expenditure by tying it strictly to the consumption directly funded by wage

income will give a multiplier that is too big.
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5.3.5 Type II - Batey 2

An alternative approach retains the spirit of Batey1 but uses external data to endo-

genise the household expenditure. It is labelled Batey2. In this case, the vector of

household coefficients, φB2
N , is constructed by dividing the entries in the household

consumption column in the IO accounts by a more comprehensive total for household

consumption than is used for Batey1 (here the household total from the SAM is used),

Y . This implies that the ith element of the vector of coefficients equals:

φB2
N,i =

[ ci
Y

]
(5.3.14)

Using the household total from the SAM for the derivation of this Type II multiplier

addresses the lack of additional sources of household income that Miller&Blair and

Batey1 encounter. However, there are four main problems in this case. The first is

that, as with Batey1, the Batey2 method does not incorporate non-wage household

income generated in current production. Secondly, it ignores all the household income

not spent on domestic and imported goods and services. Therefore it does not take

into account some taxes, savings and other transfers.

A third problem is that the total household income, Y , is not a figure that is given

in the IO accounts. It needs to come from some other source. A fourth problem is that

with this method it is not possible to determine directly the exogenous and endoge-

nous household consumption from the IO accounts. This means that one cannot use

equation 5.3.4 as a consistency to check to see whether the model replicates base

when applying the base value final demands. This is because the base level final

demands are unknown.

In order to better endogenise household consumption a more complete set of na-

tional accounts is needed. This framework is provided by using the SAM and the more

inclusive SAM multiplier instead of the IO multiplier.
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5.4 SAM Multiplier

All of the Type II output multipliers discussed in section 5.3 are unable to map fully

total income flowing to households. The SAM contains a more comprehensive set

of accounts than the IO tables and therefore, the SAM multiplier captures all income

flows to households. This includes household income stemming from the external

sector. The SAM multiplier endogenises both the household and the corporate sector.

Therefore, the direct link between household income and OVA, as well as, the

indirect flow of OVA through corporations to households is endogenised in the SAM

multiplier. Thereby the previously discussed shortcomings of the Type II multipliers

are taken into account. Traditionally, the government, capital, and external sector are

treated as exogenous in the model (Round, 2003). Note that chapter 6 develops a

SAM multiplier with a partially endogenised government sector, however.

The IxI table used to compute the Type II multipliers is fully incorporated in the

SAM. Additionally, other external data sources are used to extend the IO database to

include the above-mentioned extensions in the SAM. Thereby the SAM uses a more

comprehensive dataset and thus relies on additional assumptions than the Type I or

Type II output multiplier.

Note that the basic assumption of fixed prices still holds. Thus, the modelled

demand shock on the economy does not affect prices, but it is assumed that there

is excess capacity and unemployment, which absorb the shock (Thorbecke, 2000).

Therefore, any job gains or losses are treated as permanent and instantaneous.

In the SAM multiplier, total OVA, Π, is determined in exactly the same way as

wages in the Type II IO:

Π = πx (5.4.1)
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where π is an n × 1 vector whose ith value is the OVA in the ith sector divided by

the total output of that sector. A share of value added, ρY goes directly to households

and a share ρR goes to corporations. Subsequently a share of corporate income, rY ,

is transferred to households. This means that in the SAM multiplier, corporate, R, and

household income, Y , are given as:

R = ρRΠ + TR (5.4.2)

Y = W + ρY Π + rYR+ T Y (5.4.3)

where TR and T Y are exogenous transfers to the corporate and household sector

from the government and external sectors. Finally for household expenditure the ap-

propriate coefficients are theBatey2 values. Combining equations 5.3.3,5.3.5,5.3.12,5.3.13,

5.4.2 and 5.4.3 and expressing this in matrix form produces:

S

x
v

+

f − c
fv

 =

x
v

 (5.4.4)

where the S is the (n+ 4)× (n+ 4) matrix:

S =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

A 0 0 φB1
N 0

w 0 0 0 0

π 0 0 0 0

0 1 ρY 0 rY

0 0 ρR 0 0

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

(5.4.5)
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where fV is the 4×1 vector of exogenous income transfers and v is the 4×1 vector

of factor and institutional incomes, so that:

fV =



0

0

T Y

Y R


, v =



W

Π

Y

R


(5.4.6)

Through the standard matrix inversion:

[I − S]−1

f − c
fV

 =

x
v

 (5.4.7)

The multiplier outlined here endogenises both the household and the corporate

sector. Therefore, the direct link between household income and OVA, as well as the

flow of OVA through corporations to households is endogenised in the SAM multiplier.

As mentioned previously, government, capital, and external sector are traditionally

treated as exogenous in the model (Round, 2003).

Again if the element in the ith row and the jth column of the SAM inverse is repre-

sented as i,j then the SAM multiplier value for sector j , MS
j , is the sum of the first n

elements j

MS
j =

n∑
i=1

σi,j (5.4.8)

Thereby measuring the system-wide change in total output generated by a unit

increase in exogenous final demand for the output of sector j.
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Equation 5.4.7 identifies the characteristics of the SAM multiplier model. Expendi-

ture in the government, capital and external accounts are wholly exogenous. Expen-

ditures in all other accounts are endogenous. All wage and profits income generated

in production go to domestic households.

Household and corporate expenditures are endogenised but in both cases there

are exogenous transfers from government and the external sector, together with en-

dogenous income indirectly from production. This means that all changes to wages

and OVA generated in production, which is indirectly linked to households, are allo-

cated to households in a way that is consistent with the standard demand-driven IO

approach.

The SAM multiplier analysis is subject to the limitations imposed by the underlying

IO framework, which are, inter alia, the fixed price assumption and permanent labour

market adjustments, as outlined above. Furthermore, income elasticities of demand

are assumed to equal 1. Thus, the impact of an increase in household income on

the demand for luxury goods is understated whilst the model overstates the impact on

demand for necessities (Golan et al., 2000). Nevertheless, SAM multiplier analysis

overcomes the IO Type II limitations with regards to mapping household income flows

comprehensively.

5.5 Analytical Comparison of Multiplier Values

If the SAM framework is accepted as the most appropriate way to endogenise house-

hold consumption in a manner consistent with the Input-Output approach, none of the

standard IO Type II multiplier methods are correct. Equations 5.5.1 and 5.5.2 adjust

the BZ and S matrices shown in Equations 5.3.8 and 5.4.4 so that their structures are

harmonised in order to better identify the differences.
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B
Z

=

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

A 0 0 φB1
N

w 0 0 0

π 0 0 0

0 κZ 0 0

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
(5.5.1)

where κB1 = Y
C , κB2 = 1 and κM+B = Y

W .

There is an argument for endogenising other elements of these disaggregated

accounts. In the present context, it is sometimes argued that endogenising transfers,

particularly those linked to population and employment status, increases the accuracy

with which household consumption is modelled (Batey, 1985; Batey & Madden, 1983;

Batey & Weeks, 1989).

S̄ =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

A 0 0 φB1
N

w 0 0 0

π 0 0 0

0 1 ρY + ρRrY 0

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
(5.5.2)

Each of the four rows and columns in the B
Z and S matrices represent receipts

and expenditures of the industries, labour, OVA and household accounts. Note that

the first three rows of these matrices are identical. They use the same A matrix and

w, π and cB2
N vectors of coefficients. The two matrices differ solely in the fourth row

which identifies the sources of income entering the household account.

In the B
Z matrix one adjustment is the addition of the OVA account. However,

its impact is trivial. Although the OVA generated in production can be identified, the

destination of OVA expenditure is unknown in the IO accounts. Therefore the OVA

column, column three in B
Z , only has zero elements. The second change is more

interesting.
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In Equation 5.3.8 the different Type II multiplier formulations are identified by their

different household consumption coefficients. However, it is straightforward to show

that this can be translated to a differences in the level of wage income transferred to

households, combined with the household consumption coefficients used in Batey2

and the SAM multipliers.

The consumption coefficient φB1
N,i is defined in equation 5.3.13 and φB2

N,i in equation

5.3.14. Using these equations, the coefficients φB2
N,i can be expressed as:

φB1
N,i =

ci
C

=
ci
Y
· Y
C

= φB2
N,i κ

B1 (5.5.3)

where κB1 = Y
C . Applying a similar procedure to equations 5.3.12 and 5.3.13:

φM+B
N,i = φB1

N,i κ
M+B (5.5.4)

where κM+B = Y
W .

Equations 5.5.3 and 5.5.4 show that theMiller&Blair and Batey1 household con-

sumption coefficients are simply scalar multiples of the Batey2 coefficients, which are

the coefficients also used in the SAM multipliers. The different Type II IO multipli-

ers can therefore solely be represented by differences in the relationship between the

change in wage income and the subsequent change in effective household income.

Given that, in the Scottish data, Y > C > W , the relative values of values of κZ

for Scotland are κM+B > κB1 > κB21. Note that this implies the seemingly illogical

position that in the Batey2 and Miller&Blair multiplier measures, more than 100%

of the wage income is assumed to be transferred to household income. However, as

has been remarked already, in the BZ matrix there is no transfer of OVA to household

income.
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Therefore some overweighting of wage income could be justified on this basis.

These observations have a number of implications. Begin with the IO Type II multi-

pliers. For each industry, their values can be ranked in the same order as their κZ

values. That is to say, for Scotland for any industrial sector, i; MM+B
i > MB1

i > MB2
i .

However, a comparison between the IO Type II and the SAM multiplier values is a little

more complex.

The Batey2 multiplier value is always lower than the SAM multiplier: for any sector,

i, MS
i > MB2

i . This is apparent from a comparison of the B
B1and the S matrices

given in equations 5.5.1 and 5.5.2. The only difference in the two matrices is the

additional elements in the SAM matrix, S, linking household income positively to OVA.

On the other hand, the value of the Miller&Blair multiplier will generally higher

than the corresponding SAM value. The sum of the MM+B
i values, weighted by their

associated final demands, is greater than the corresponding weighted sum of the SAM

multipliers.

This is because in the accounting identity (equation 5.3.8) the Miller&Blair mul-

tiplier endogenises all household income through directly linking all household in-

come linearly to wage payments. But, in general, there are exogenous elements

in household income, so that T Y is positive in equation (5.4.4. This means that the

Miller&Blair method typically overcompensates for not directly including the link be-

tween household income and OVA generated in production.

However, this does not mean that MM+B
i is necessarily greater than MS

i for all

industries. If an industry is very capital intensive and if a significant share of OVA is

transferred to household income, the SAM multiplier can be higher than Miller&Blair

for particular individual industries.

Clearly the Batey1 multiplier takes an intermediate position, between the Batey2

andMiller&Blair figures. Its value relative to the SAM multiplier is wholly data depen-

dent. The Batey1 average multiplier value and the value for individual sectors could

be higher or lower than the corresponding SAM values, depending on the extent to
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which the impact of wages on household income under- or over-compensates for the

missing income from OVA. This in itself might reflect the level of OVA income retained

in the local economy.

5.6 Data

The data used to compute the IO and SAM multipliers are the 2009 Scottish IxI table

(Scottish Government, 2013a) and the 2009 Scottish SAM, respectively. Both the IO

tables and the SAM are outlined in detail in chapter 2 but a summary is presented here.

It should be noted from the start that the 2009 SAM is based on the 2009 Scottish IO

tables. Thereby multipliers for both IO and SAM are consistent.

The IxI table used here is for the calendar year 2009 and is sourced from the

Scottish Government (2013a). Table 5.6.1 is an aggregate version of the 2009 IxI table

for Scotland. Focusing on the first row and column, the row gives the expenditure on

Scottish goods/services, whilst the column details the cost breakdown of the Scottish

production sectors.

The IO tables define the production cost entries in the column as: intermediates,

labour costs, OVA, Government and intermediate Imports from the Rest of UK (RUK),

and the Rest of the World (ROW). The production income entries are defined as:

Capital, household expenditure on Scottish goods/services, Government, and exports

to the RUK and ROW.

The first row total of £210,920m in the aggregated IxI table 5.6.1 gives the total

turnover of all production and service activity in the Scottish economy (total aggregate

demand of gross outputs). It is labelled as ‘Activities’. This includes private, public

and voluntary sector production activity. This total can be broken down to show the

interactions between individual sectors in more detail. The disaggregate version of the

IxI table details these interactions at full 104 industry level.

The IxI table 5.6.1 show the destination of industry output, for example primary

manufacturing products. The columns of the IxI table show purchases made by indus-
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tries and final demand from each Scottish industry’s output arising from both principal

production and intermediate demand. Conversely, the rows provide a breakdown of

industry receipts by origin.

Note that the sum of all final demands across all sectors is equal to the sum of all

value added (Scottish Government, 2011a). The aggregate IxI table shows that Total

Final Demand equals Total output at basic prices within the Activities account. That

is, all expenditures are balanced by receipts within the Activities account (£210,920m

- £210,920m = 0).

Table 5.6.1: Aggregated Industry-by-Industry Table, 2009 basic prices (£million)
1.

A
ct
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es

2.
H
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ho
ld

s

3.
G

ov
er

nm
en

t

4.
C

ap
ita

l

5.
R
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K

6.
R

O
W

To
ta

l

1 Activities 63,607 49,802 29,486 13,981 36,879 17,166 210,920

2. Labour 63,561 - - - - - 63,561

3. Other Value Added 38,441 - - - - - 38,441

4. Government 4,779 6,568 - 1,495 193 129 13,165

5. RUK 30,274 13,875 - 3,358 4,362 2,890 54,759

6. ROW 10,258 4,424 - 1,097 3,057 161 18,997

Total 210,920 74,669 29,486 19,930 44,491 20,346

Source: Scottish Government (2013a)

IO tables do not attempt to link the elements of Value Added (wages and OVA) with

the elements of Final Demand (consumers, government, and investment). This is in

contrast to a SAM where the “missing" data on transfers between these accounts is

recorded.

Table 5.6.2 depicts an aggregate version of the SAM that is derived by combin-

ing the IO Industry-by-Industry (IxI) table and the Income and Expenditure Accounts

(details on this account can be found in chapter 2). For illustrative purposes the disag-

gregation within accounts has been suppressed, as in Table 5.6.1. For example. the

104 industries contained in the SAM are aggregated to one industry (Activities).
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However, it must be emphasised that for modelling purposes a much more detailed

SAM is used. The aggregated 2009 SAM for Scotland is a square matrix with 9 column

and 9 corresponding row accounts. This aggregated SAM contains the following main

accounts: Activities, Labour, OVA (Profits), Households, Corporations, Government,

Capital, RUK, and ROW.

The row and column entries in the SAM are considered to be receipts and ex-

penditures receptively. The rows in the SAM show income sources for each Account

in detail. For example, the household account shows that total household income is

£107,877m, of which £63,561m (58 percent) comes from Labour income.

Conversely, the columns in the SAM depict the expenditures of each account in

detail. Again, total household expenditure is £107,877m, of which £49,802m (46 per-

cent) are payments to domestic productive Activities i.e. household consumption on

goods/services produced in Scotland.

The first row and the first column of the SAM include all the aggregated informa-

tion from the IxI table, and thus balance. That is the £210,920m from the IxI table

(see Table 5.6.1) are fully incorporated. Thus, IO tables provide key macroeconomic

variables (GDP and total wage income) as well a breakdown of flows between Scottish

industries.

The IxI table 5.6.1 gives a breakdown of total household (£74,669m) consumption

on Activities (domestic goods/services), Government and Imports. However, the IxI

table does not detail other forms of expenditure, and more importantly, no explicit

sources of household income. In contrast, the SAM in Table 5.6.2 provides a more

detailed breakdown of household expenditure on savings, corporations, taxes, and

imports. Total household expenditure is thereby estimated to be £107,877m.

In comparison to the SAM, the IxI table only captures 69 percent of total household

expenditure. The SAM also presents a detailed breakdown of household income by

Labour, OVA, Corporations, Government and ROW. The SAM thereby contains addi-

tional sources of household income that are not captured in the IxI table.
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The additional information contained in the SAM, compared to the IO tables, can be

used to extend and improve the multiplier modelling capacity to include the behaviour

of the non-production part of the economy. In particular, the more explicit link between

activity and household income should improve the Type II multiplier.

5.7 Multiplier Calculations

The following two Sections discuss the computations of the three Type II multiplier

methods and the SAM Multiplier using the 2009 Scottish IxI table and SAM. First, this

section discusses the derivation of the multipliers. Second, section 5.8 analyses the

computations using descriptive analysis.

5.7.1 Miller & Blair

The Miller&Blair method derived in section 5.3.3 uses the total of wages from em-

ployment received by household, W . That is the “Total Intermediate Demand” of the

“Compensation of employees” row in the IxI table (see Table 5.6.1), at £63,561m.

Thereby, the data used to endogenise the household sector are, first, the “Income

from Employment” row which gives the data on wage income from employment. And

second, the “Households” column containing the entries of household expenditure on

industry output.

hM+B
k =

[
Hk

W

]
Where : W = £63, 561m (5.7.1)

5.7.2 Batey 1

TheBatey1 method derived in section 5.3.4 internalises exogenous household income

alongside wage income in the model. Here the total used for endogenising the house-

hold sector is the total of household expenditure from the IO tables, CH . This is the

total household expenditure scalar given at £74,669m in Table 5.6.1.
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hB1
k =

[
Hk

CH

]
Where : CH = £74, 669m (5.7.2)

5.7.3 Batey 2

The Batey2 method derived in section 5.3.5 uses a more comprehensive household

Total, Y H . This figure is derived by summing up the “Final Consumption Expenditure”

of households and that of Non-Profit Organisations Serving households (NPISHs).

Then the household expenditure on goods & services of the following sectors are

added to the household Total: ROW, RUK, Corporate, Government and Capital. This

figure amounts to £107,877m.

hB2
k =

[
Hk

Y H

]
Where : Y H = £107, 877m (5.7.3)

Note that there is an alternative figure in use, which follows the same theoretical

foundation as the approach outlined here. This method uses the combined Compen-

sation of Employees at £63,561m from the IxI table (Scottish Government, 2013a) and

all ‘Unearned Income’ at £46,835m (Scottish Government, 2013e). The total for this

method is £110,396m. This is the figure used for the official Scottish Government

Leontief Inverse calculations.

5.7.4 SAM Multiplier

Equation 5.7.4 illustrates the calculation for the SAM multiplier. The inter-industry

matrix of technical coefficients is given as S. Note that the household Total, hB2,

shown in equation 5.7.5 is the one used in Batey2. This figure amounts to £107,877m.

[I − S]−1
[
FSx
FSv

]
=
[x
v

]
(5.7.4)
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S =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

A 0 0 hB2 0

w 0 0 0 0

π 0 0 0 0

0 1 πh 0 ch

0 0 πc hc 0

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

Where :

hB2 = £107, 877m.

(5.7.5)

5.8 Descriptive Analysis

If the SAM multiplier value is accepted as the most appropriate method for endogenis-

ing household consumption in a manner consistent with the IO approach, then none

of the standard Type II IO multiplier methods is ‘correct’. IO does not identify key in-

come flows from production into (total) household income, therefore in attempting to

endogenise household consumption there is, almost inevitably, some inaccuracy.

Table 9.6.1 in Appendix 5 provides a full breakdown of the Type I, the Type II

(Miller&Blair , Batey1, and, Batey2) and the SAM multiplier derived for 102 sectors

of the 2009 Scottish IxI table and the 2009 Scottish SAM (sector 7, Oil & Gas Extrac-

tion, Metal Ores, and sector 20, Tobacco, do not contain data and are thereby omitted

from the initial 104 sectors).

Appendix 5 shows the mean, the minimum and the maximum values for each of

the multipliers detailed in 9.6.1. The Type I multiplier shows the lowest values. This is

to be expected, since this multiplier is computed using only the inter-industry flow data

from the IxI table.

The mean values for the Miller&Blair, Batey1 and Batey2 variants of the IO Type

II multipliers are 2.156, 2.017 and 1.810 respectively. This implies that the indirect and

induced activity calculated using the Miller&Blair multiplier formulation is just less

than 20% higher than the corresponding activity calculated using the Batey1 measure.

Thus it clearly matters which formulation is used.
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Table 5.8.1: Multiplier Summary Statistics

Type II

Type I Miller & Blair Batey1 Batey2 SAM

Mean 1.465 2.156 2.017 1.810 1.910

Min 1.000 1.220 1.206 1.186 1.321

Max 2.780 3.343 3.230 3.061 3.214

The mean SAM multiplier lies within the range of mean IO Type II values. The

Batey2 value is systematically below the SAM multiplier and theBatey1 andMiller&Blair

approaches systematically higher. The Batey1 approach gives the Type II IO mean

that is closest to the SAM multiplier. The minimum and maximum multiplier values

also reflect these analytics.

When comparing the multipliers, there are some clear results. One is that for any

sector the Batey2 multiplier, the multiplier reported by the Scottish Government, must

always lie below the SAM multiplier value. This is because the household coefficients

are the same for the two measures but the SAM multiplier incorporates that part of

profits income that indirectly enters household income. Also if household income,

household consumption and total wages can be ranked so that Y H > CH > W , then

for any sector k; MM+B
k > MB1

k > MB2
k . However, which is closest to the SAM

multiplier is an empirical issue.

This hierarchy is also largely observed at individual sector level. It is always the

case that the three IO values are in the same order, and when including the SAM

multiplier, Batey2 always takes the lowest of all the multipliers. However, the position

of the SAM multiplier value varies at sector level and is not always betweenBatey1 and

Batey2. The Miller&Blair multiplier is below that of the SAM for sectors 27.Coke,

petroleum & petrochemicals, 75. Real estate, and 76. Imputed rent.

TheBatey1 multiplier is below that of the SAM in sectors: 1. Agriculture, 4. Fishing,

5. Aquaculture, 9. Mining Support, 17. Spirits & wines, 18. Beer & malt, 27. Coke,
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petroleum & petrochemicals, 47. Electricity, 49. Water and sewerage, 75. Real estate,

and 76. Imputed rent. These are industries with high ratios of OVA to wages. This is

because income from profits, which plays no role in any of the IO type II multipliers, is

an important element of the SAM multiplier.

Figure 5.8.1 gives the difference between the SAM and the Type II multipliers. The

horizontal axis here can be interpreted to represent the SAM multiplier value and thus

the closer the lines are to this axis, the better the fit. This graph shows that the Batey2

method using the more comprehensive household figure gives the closest fit to the

SAM multiplier.

The graph also depicts that this method varies less in value compared toMiller&Blair

and Batey1, because the coefficients are the same. The Miller&Blair method shows

the overall biggest differences to the SAM. This confirms that endogenising the house-

hold sector using a more comprehensive figure (external to the IO table) results in the

closest fit.

Furthermore, figure 5.8.1 highlights that the difference between the methods varies

substantially between the sectors. The methods using the Batey2 for endogenising

the household sector show some variation compared to the SAM. However, there

are some very pronounced spikes observable for the Miller&Blair and the Batey1

methods.

The three biggest differences are for sectors 93. Education, 89. Security & Inves-

tigation, and 96. Social Work. The multipliers for these sectors show large variation in

comparison to the SAM multiplier. These differences seem to be due to a small gap

between the values for Gross Value Added and Total Output.
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Figure 5.8.1: Difference between the SAM and the Type II Multipliers
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Table 5.8.2 shows various error-computations of the three IO methods. This al-

lows for detailed measurements of the differences between the methods compared to

a benchmark, here the SAM multiplier. The error-measurements are the Root Mean

Squared Error (RMSE) and the Mean Absolute Error (MAE). The smallest value indi-

cates the best fit with respect to the SAM multiplier.

Table 5.8.2: Error Statistics

Miller & Blair Batey1 Batey2

RMSE 0.201 0.099 0.077

MAE 0.131 0.062 0.054

All measurements show that endogenising the household sector using the SAM

household total figure, Batey2, results in the closest fit. This method does not differ

much in the error values. Also note that the methods shown can be classified into

two groups. Both Miller&Blair and the Batey1 use purely data from the IO tables,

Batey2 uses more comprehensive household expenditure figures which are not found

purely in IO tables.

The values in Table 5.8.2 also confirm that the Miller&Blair method results in

the least close fit compared to the SAM multiplier. In comparison, Batey1, which

endogenises household expenditure using the IxI household expenditure total, results

in a closer fit. The RMSE for the Miller&Blair method is given at 0.201 and the

RMSE for Batey1 at 0.099.

The results show that if IO multipliers are computed using only the Scottish IO ta-

bles, then Batey1 method results in more accurate computations as opposed to the

Miller&Blair method. The overall smallest error values are computed by using the

Batey2 method which uses the household total from the SAM. However, all three meth-

ods are not ‘correct’ as the IO table does not identify key income flows from production

into (total) household income, therefore in attempting to endogenise household con-

sumption there is, almost inevitably, some inaccuracy.
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5.9 Discussion and Conclusion

There is complete agreement about the method used to calculate IO Type I multipli-

ers. These measure the direct and indirect output effects from a unit expansion in

exogenous final demand in a particular sector. They incorporate the change in activ-

ity associated with the production of the intermediate goods that contribute directly or

indirectly to the production of final demand.

Type II multipliers identify the direct and indirect effects. However, they also in-

corporate the impact of increased household income and subsequent consumption

expenditure that accompanies any change in output. These are known as induced ef-

fects. Although this is a very common procedure, a number of different methods have

been adopted in the literature.

A literature review has shown that the variation in methods is not widely recog-

nised. This is potentially problematic for the interpretation of Type II multipliers, their

use in modelling demand-side disturbances and the value for comparing the structural

characteristics of different economies. Second, it would be valuable to standardise the

Type II procedure, which requires choosing amongst the different formulations.

The first question is whether empirically this is a serious problem. The Scottish

results suggest that it is. The range of Type II multiplier mean values is almost 40% of

the most accurate measurement of additional multiplier effect. The second question is:

which method is preferable? If the SAM multipliers embody the most complete linking

of income generated in production and the subsequent distribution to households.

For Scotland the mean value using the Batey2 method is closest to the mean

SAM value and has the smallest mean error, even though the method systematically

underestimates the SAM multiplier values. However, this method has the disadvantage

that it requires information on household income that is typically not available from the

IO accounts themselves.

This indicates that when using IO tables data exclusively the Batey1 multiplier will
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provide the ‘best’ estimates. When incorporating data external to IO tables for the

computation of the Type II multiplier, the Batey2 provides the closest fit.

Despite some of the models coming close to SAM multipliers, it must be acknowl-

edged that all three Type II methods have a fundamental weakness; they all explicitly

endogenise wages, and link household expenditure to these. A SAM multiplier in-

corporates income from OVA into household income in a way completely consistent

with the standard demand-driven IO approach. It is therefore the only wholly satis-

factory means of endogenising household consumption in the application of such an

approach.
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Chapter 6

Degrees of Fiscal Devolution - A
SAM Modelling Approach

6.1 Introduction

This chapter develops SAM-based models of the Scottish economy under varying fis-

cal frameworks. The models are then used to quantify the effect of external demand

shocks on the Scottish economy. Chapter 4 describes the construction of a SAM for

Scotland that is disaggregated by seven Household types, by three Government sec-

tors and by three Tax accounts1.

Chapter 5 analyses the IO Type II output multiplier in detail with reference to differ-

ent methods of multiplier construction currently in use in the literature. The conclusion

reached in that discussion is that the SAM multiplier is superior to the IO multiplier

(see chapter 5 for a more detailed discussion). This chapter employs both the highly

disaggregated SAM and an extended SAM multiplier in order to study fiscal devolution

in Scotland.

Scotland is currently undergoing significant changes to its fiscal framework in terms

of the devolution of both greater public spending but especially tax revenue raising.

First, the Scotland Act 2012 (The UK Parliament, 2012) is about to be fully imple-

mented. The biggest fiscal change will be the introduction of the new Scottish income

1Recall, the Household types are: 1. Working without Children, 2. Working with Children, 3. Non-
working without Children, 4. Non-working with Children, 5. Pensioners, 6. Multiple Tax-Units without
Children and 7. Multiple Tax-Units with Children. The Government accounts are: 1. The UK Government
in Scotland, 2. The Scottish Government and 3. The Local Government. The Tac accounts are: 1. UK
Taxes, 2. Scottish Taxes and 3. Local Taxes.
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tax regime coming into effect in April of 2016. This is accompanied by the devolution

of a number of other taxes and an adjustment to the Block Grant. These changes are

captured under “Scotland Act 2012” in this chapter.

Second, the changes proposed by the Smith Commission (The Smith Commission,

2014) have largely informed the current Scotland Bill (The UK Parliament, 2015). The

new legislation will lead to further devolution of fiscal powers (both income and ex-

penditure) from the UK Government to the Scottish (and possibly Local) Government.

These changes are captured under “Scotland Bill” in this chapter. Third, further fiscal

devolution from the UK to Scotland is likely in the future. This could result in full fiscal

autonomy for Scotland, with no direct UK Government involvement in Scottish fiscal

affairs. These changes are captured under “Fiscal Devolution” in this chapter.

It is vital for policy-makers both in Scotland as well as the rest of the UK to be aware

of the implications of these changes to the Scottish fiscal framework. Additionally,

economists and economic commentators need an increasing pool of academic studies

which can help answer some of the questions relating to the ways in which greater

fiscal autonomy for Scotland will affect the performance of the economy. This chapter

aims to provide a tool to aid the economic analysis of the Scottish economy under both

varying levels of fiscal devolution as well as under different (external) shocks.

This chapter is structured as follows. Section 6.2 outlines the changes to the fiscal

framework for Scotland in more detail. Section 6.3 discusses the setup of the four

variants of the SAM, which are used to calculate the SAM output multipliers. The four

SAMs reflect the different degrees of fiscal devolution modelled outlined in section 6.2.

Section 6.4 extends the standard SAM multiplier model through partially endo-

genising the Government sector. Four models are then derived, each calibrated on

one of the four SAMs from section 6.3. Section 6.5 models two separate exogenous

demand shocks with each of the four models. Section 6.6 discusses the results in a

wider economic perspective and section 6.7 concludes.
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6.2 Degrees of Fiscal Devolution for Scotland

This section outlines four degrees of fiscal devolution for Scotland. The focus is on the

devolution of taxes and Government spending as well as the adjustments to the block

grant resulting from the rise in Scottish self-directed revenue. These four degrees are

reflected in the SAMs in section 6.3.

6.2.1 Scotland Act 1998

The Scotland Act 1998 devolved the power to add 3p on the base rate of income tax

to the Scottish Parliament. This power, the “Scottish Variable Rate”, was never used,

however. Hence the income tax rates in Scotland remained the same as in the rest of

the UK. Furthermore, the Scotland Act 1998 fully devolved Council tax and the Non-

Domestic rates, which are both assigned to the Local Government in Scotland. Also,

the Scotland Act 1998 confirmed the revenue support for Scotland, the ‘block grant’,

which is an annual payment form the UK Government to the Scottish Government

(The UK Parliament, 1998, 2012). The 2009 SAM for Scotland reflects this stage of

fiscal devolution for Scotland.

6.2.2 Scotland Act 2012

The Scotland Act 2012 grants the Scottish Government more fiscal responsibility

through the full devolution of some taxes and, in particular, through the partial de-

volution of income tax paid in Scotland. The new “Scottish Rate of Income Tax” (SRIT)

comes into effect in April 2016. 10p in the pound will be taken off each income tax

rate in Scotland and Scotland is allowed to set an additional tax, up to 20p in the £.

In effect, this means that the Scottish Government can vary the UK income tax rate

of up to 10p (+/-) in the pound and bear the revenue implications. That is to say that

the Scottish Government can either benefit or detriment from higher or lower revenue

receipts following a change to the Scottish income tax rates (the block grant will not be

adjusted as a result of a ‘Scottish rate resolution’) (The UK Parliament, 2012).
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If Scotland were to set a SRIT of 10p, this would result in the same income tax rates

set for the UK. Setting either lower or higher levels implies varying the Scottish rate

compared to the UK base. The Scottish Government announced that the SRIT is set

at 10p for the 2016-17 fiscal year, i.e. the rate of income tax paid in Scotland remains

unchanged compared to the RUK. Additionally, the Scotland Act 2012 fully devolved

the Landfill Tax and the Stamp Duty Land Tax to Scotland (The UK Parliament, 2012).

The Scotland Act 2012 grants limited borrowing facilities to the Scottish Govern-

ment, which were to reflect the greater fiscal authority following the introduction of the

SRIT. These borrowing facilities include inter alia, borrowing for current and capital

expenditure. Borrowing for capital expenditure is limited at a total of £2.2bn at any

given time. Borrowing for current expenditure is predominantly put in place to cover

shortfalls in forecasted revenue from devolved taxes as well as from expected revenue

under a Scottish rate resolution (The UK Parliament, 2012).

6.2.3 Smith Commission & Scotland Bill 2015-16

The third degree of fiscal devolution for Scotland outlined here is the proposals made

by the Smith Commission, which have been introduced as a new Scotland Bill in the

UK Parliament (The Smith Commission, 2014; HM Government, 2015). In the vote on

independence on 18th September 2014 the electorate in Scotland decided to remain

part of the UK. However, all three major UK political parties2 had proposed more devo-

lution of powers to the Scottish Parliament and to the Scottish Government (The BBC,

2014). The Smith Commission3 was formed immediately after the referendum with

the remit to produce a set of proposals, which reflect the views of the representative

parties and the electorate.

The Scotland Bill 2015-16 sets out that the Scottish Parliament has no limits on

the income tax bands, rates or thresholds, but the personal allowances are still to be

set by the UK Parliament. Second, all income tax receipts on wage income collected

2The parties are the Conservatives, Labour and the Liberal Democrats.
3Named after Lord Smith of Kelvin who oversaw the commission (The Smith Commission, 2014).
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in Scotland are to be received by the Scottish Government. Third, HMRC remains

responsible for collecting Scottish income taxes (The Smith Commission, 2014).

The Smith Commission’s proposals on the devolution of tax and welfare powers

is part of the Scotland Bill 2015-16 (The UK Parliament, 2015). However, the adjust-

ments to the fiscal framework, e.g. the decrease in grant money to Scotland due to

the increase in direct tax income, are not part of the Bill. However, the Smith Commis-

sion did provide guidance on the budget adjustments. These proposals as well as the

academic work by Bell, D. and Eiser, D. and Phillips, D. (2015) inform the adjustments

outlined below.

The Smith Commission recommends increasing the borrowing capacities to reflect

the extended fiscal autonomy of Scotland resulting from its proposals. Scotland would

be able to borrow both for current spending as well as for capital investment. However,

the UK Government is to remain the potential ‘lender of last resort’ and to oversee

automatic stabilisers in case of an economic shock. The Smith Commission proposes

that the Scottish Government’s budget is to benefit or bear the fiscal cost of the impact

of its own policy decisions. Note that the current version of the Scotland Bill 2015-16

extends the borrowing facilities to approximately £4.75bn from £2.7bn in the Scotland

Act 2012 (The UK Parliament, 2012, 2015).

The transfer of fiscal powers is subject to a ‘no detriment’ clause, which tries to

capture any adverse tax receipt effects by differential tax regimes between Scotland

and RUK 4. Furthermore, the proposals note that where either the UK or the Scottish

Government make policy decisions that affect the tax receipts or expenditure of the

other, the decision-making government will either reimburse the other, if there is an

additional cost, or receive a transfer from the other if there is a saving (The Smith

Commission, 2014).

4This clause is not laid out in very clear terms in the Commissions report, however. Also, its in-
terpretation, as represented in the current Scotland Bill, has resulted in some debate amongst Scottish
economic commentators, see Cuthbert, J. and Cuthbert, M. (2015)
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6.2.4 Fiscal Devolution

Apart from the changes discussed above, there is also the possibility of further fiscal

devolution after the current Scotland Bill is in effect. Scotland has seen its fiscal auton-

omy increase since the Scotland Act 1998, and the current political landscape seems

to favour continual debates in favour of more fiscal powers for Scotland. In order to set

a benchmark for a potential future state of some version of ‘full fiscal autonomy’, the

“Fiscal Devolution” scenario modelled below assigns all Central government income

and expenditure to the Scottish Government.

Figure 6.2.1 illustrates the move to more self-directed revenue for Scotland using

estimated revenue figures for 2014. Approximately 9% of the total Scottish budget was

devolved to Scotland through the Scotland Act 1998. The Scotland Act 2012 enhances

this share by an additional 13% and thus brings the total of self-directed revenue to

around 22% (Scottish Government, 2013b; The Smith Commission, 2014).

Figure 6.2.1: Devolution of the Scottish Budget
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Further fiscal devolution is likely, as key amongst the Smith Commission’s propos-

als is the devolution of more fiscal powers to Scotland. The proposals aim at enhanc-

ing the scope of self-directed revenue in Scotland and give the Scottish Parliament the

ability to replace some UK-wide taxes with new Scottish taxes. Thus, nearly half of

the Scottish budget could be in the control of the Scottish Government, as the block

grant would shrink to approximately 53% post-Smith (see Figure 6.2.1) (The Smith

Commission, 2014). Note that under the “Fiscal Devolution” setting, all of the Scottish

budget is devolved to Scotland.

Bell and Eiser (2015) argue that the changes proposed under the Scotland Bill

would transfer significant fiscal powers to Scotland. Indeed, Scotland would have a

high degree of fiscal autonomy in Europe.

6.3 SAM Setup

The SAM Model computed and employed later in this chapter (Sections 6.5 and 6.6)

is build on the combined Government- and Household SAM (Combined SAM) outlined

in chapter 4. Recall that this SAM identifies three Government sectors, the UK Gov-

ernment in Scotland, the Scottish Government and the Local Government, three Tax

accounts, the UK, Scottish and Local Tax account, as well as seven Household Types.

Table 6.3.1 shows an aggregated version of the SAM with the full Government-,

Tax- and Household account disaggregation. The disaggregation identifies, inter alia,

the transfers both to-and from the seven Household sectors as well as for the three

Government sectors5. Recall that the SAM does not take into account the continental

shelf, i.e. no revenue from North Sea oil is captured in public accounts.

Table 6.3.1 shows the flows of direct and indirect taxes to the Tax accounts, which

in turn are received by the corresponding Government account. Payments from the

public sector to the private sector, as for example welfare payments to Households,

are captured in the Combined SAM. Furthermore, inter-governmental transfers, such

5For a more detailed discussion on Table 6.3.1 please refer to chapter 4.

170



Ta
bl

e
6.

3.
1:

A
gg

re
ga

te
d

20
09

S
A

M
fo

rS
co

tla
nd

,2
00

9
ba

si
c

pr
ic

es
(£

m
ill

io
n)

1.Activities

2.Labour

3.Capital

4.OtherValueAdded

5.Household1

6.Household2

7.Household3

8.Household4

9.Household5

10.Household6

11.Household7

12.Corporations

13.UKGovernment

14.ScottishGovernment

15.LocalGovernment

16.UKTax

17.ScottishTax

18.LocalTax

19.External

Total

1.
A

ct
iv

iti
es

63
,6

07
-

13
,9

81
-

15
,5

67
11

,9
86

6,
89

7
81

0
6,

26
7

6,
26

7
2,

00
7

-
5,

92
4

13
,3

72
10

,1
90

-
-

-
54

,0
45

21
0,

92
0

2.
La

bo
ur

63
,5

61
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
63

,5
61

3.
C

ap
ita

l
-

-
-

-
2,

49
7

1,
38

4
33

1
10

9
19

44
4

28
7

25
,0

07
89

5
25

-
-

-
-1

0,
26

7
19

,9
30

4.
O

th
er

Va
lu

e
A

dd
ed

38
,4

41
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
38

,4
41

6.
H

ou
se

ho
ld

1
-

26
,6

43
-

1,
69

8
-

-
-

-
-

-
-

5,
19

2
83

2
-

38
8

-
-

-
1,

54
2

36
,2

96

7.
H

ou
se

ho
ld

2
-

21
,0

26
-

64
4

-
-

-
-

-
-

-
3,

04
2

2,
13

1
-

99
5

-
-

-
98

5
28

,8
23

8.
H

ou
se

ho
ld

3
-

7
-

71
8

-
-

-
-

-
-

-
2,

78
0

4,
72

1
-

2,
20

5
-

-
-

23
9

10
,6

71

9.
H

ou
se

ho
ld

4
-

94
7

-
0

-
-

-
-

-
-

-
10

8
34

6
-

16
1

-
-

-
35

1,
59

6

10
.

H
ou

se
ho

ld
5

-
1,

00
9

-
1,

71
0

-
-

-
-

-
-

-
2,

09
7

3,
94

9
-

1,
84

5
-

-
-

60
6

11
,2

16

11
.

H
ou

se
ho

ld
6

-
10

,2
80

-
43

0
-

-
-

-
-

-
-

1,
39

6
1,

14
0

-
53

3
-

-
-

52
0

14
,3

00

12
.

H
ou

se
ho

ld
7

-
3,

64
8

-
88

-
-

-
-

-
-

-
48

7
40

1
-

18
7

-
-

-
16

3
4,

97
5

13
.

C
or

po
ra

tio
ns

-
-

-
29

,4
56

3,
34

7
2,

24
4

16
5

11
27

94
0

29
8

-
2,

66
0

3,
06

2
-

-
-

-
11

,2
98

53
,5

07

14
.

U
K

G
ov

er
nm

en
t

-
-

-
52

9
-

-
-

-
-

-
-

-
-

-
-

35
,2

21
-

-
20

,1
12

55
,8

62

15
.

S
co

tti
sh

G
ov

er
nm

en
t

-
-

-
1,

78
0

-
-

-
-

-
-

-
-

25
,3

03
-

-
-

-
-

-
27

,0
82

16
.

Lo
ca

lG
ov

er
nm

en
t

-
-

-
1,

38
8

-
-

-
-

-
-

-
-

-
10

,6
44

-
-

-
3,

76
1

73
8

16
,5

31

17
.

U
K

Ta
x

4,
77

9
-

1,
49

5
-

8,
31

6
8,

08
7

53
0

29
6

2,
51

3
4,

08
1

1,
53

2
3,

26
9

-
-

-
-

-
-

32
2

35
,2

21

18
.

S
co

tti
sh

Ta
x

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

19
.

Lo
ca

lT
ax

-
-

-
-

65
4

66
0

24
28

16
3

30
6

12
6

1,
80

1
-

-
-

-
-

-
-

3,
76

1

17
.

E
xt

er
na

l
40

,5
32

-
4,

45
5

-
5,

91
4

4,
46

2
2,

72
5

34
3

2,
22

7
2,

26
2

72
5

8,
32

8
8,

36
7

-
-

-
-

-
10

,4
70

90
,8

08

To
ta

l
21

0,
92

0
63

,5
61

19
,9

30
38

,4
41

36
,2

96
28

,8
23

10
,6

71
1,

59
6

11
,2

16
14

,3
00

4,
97

5
53

,5
07

55
,8

62
27

,0
82

16
,5

31
35

,2
21

-
3,

76
1

90
,8

08
72

3,
50

2

171



as the block grant paid from the UK to the Scottish Government (£25,303m in Table

6.3.1), are captured in the Combined SAM.

Identifying these flows of funds are essential for the SAM to capture indirect taxes

as well as direct tax payments by both Households and Corporations to the Govern-

ment account as well as welfare and business support payments from the public to

the private sector. Furthermore, the Government-to-Government entries in the SAM

identify the grant payments as of 2009 from both the UK Government to the Scottish

Government as well as from the Scottish- to the Local Government.

This chapter simulates different degrees of fiscal devolution in the SAM by chang-

ing public spending and income in Scotland from the UK- to the Scottish Government,

whilst holding the Local Government account constant. Note that the changes to the

fiscal framework for Scotland alter the totals of the Government account, reflected by a

more autonomous Scottish Government and a reduction in direct expenditure in Scot-

land by the UK Government. The total of the combined Government and Tax accounts

balance throughout.

Modelling different levels of fiscal devolution for Scotland requires a shift in income

and expenditure from the UK- to the Scottish Government account in the SAM. Note

that the increase in fiscal autonomy is solely transferred to the Scottish Government,

with the Local Government remaining fixed. It is possible that the Local Government

will also receive more fiscal autonomy during the devolution of fiscal powers, but these

are not accurately foreseeable.

Thus the focus is on taxes and welfare payments shifting from the UK Government

to the Scottish Government only. Note that this is reflected in the SAM by shifts be-

tween the two Government accounts as well as the UK and Scottish Tax accounts.

Tables 6.3.2, 6.3.3, 6.3.4 and 6.3.5 below illustrate how the SAM is adjusted to reflect

the transfer of fiscal responsibility from the UK to Scotland. These tables reflect the

four degrees of fiscal devolution outlined above, respectively.
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BASE

First, the “BASE” SAM (see Table 6.3.2) is an aggregated version of the SAM above

(Table 6.3.1), which shows the level of fiscal devolution in Scotland in 2009 under

the fiscal settlement of the Scotland Act 1998 (The UK Parliament, 1998). Here, the

Household Account has been collapsed to one again for ease of comparison with

the following Tables. The focus of this section is to highlight the entries in the SAM

that change between the versions presented below. For a full analysis of how the

Government account is disaggregated in the SAM, please refer to chapter 3. The

balancing item for all Government sectors is their expenditure on the “Capital” account.

All other entries are either derived from the IxI table or they are based on official

UK national statistics (see chapter 2, section 2.4.1). The nature of a balancing item is

that it absorbs the variation between the income and the expenditure for one sector in

order for the total to balance. There is slight deviation between the balancing items for

the different Government sectors in the SAMs below.

As outlined in chapter 3, the Total for the disaggregated Government account dif-

fers from the total in the (aggregated) 2009 SAM for Scotland in chapter 2. The dis-

aggregated account incorporates the Government-to-Government transfer payments,

namely the “Block Grant” from the UK Government to the Scottish Government as well

as the grants paid from the Scottish- to the Local Government in Scotland. That is to

say that if the intra-governmental transfers were taken out of the SAM, the Government

and Tax accounts would total that of the initial SAM.

The UK Government total is £55,862m, the Scottish Government total is £27,082m,

the Local Government total is £16,531m for the Local Government, the UK Tax total

is £35,221m and the Local Tax total is £3,761m. There are no tax payments to the

Scottish Government here, as the devolved taxes flow to the Local Government. Thus,

the UK Government is the largest of the three Government sectors in terms of direct

and indirect income as well as expenditure.

Below is an analysis of the Government and Tax accounts in the “BASE” SAM in

more detail. Note that the Local Government account is held constant for the other
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three SAMs below, and will therefore not be detailed subsequently. All Government

sectors purchase goods & services from Scottish industries, this is identified by the

Government expenditures on “Activities” in Table 6.3.2.

The Scottish Government spends most on local industry products at £13,372m,

which is followed by £10,190m spend by the Local Government and £5,924m by the

UK Government. The payments to the “Capital” account, are reported as £89m, £5m

and £25m, for the UK Government, the Scottish Government and the Local Govern-

ment, respectively.

The UK Government and the Local Government make payments to Households.

These are mainly social security payments as well as dividend payments from public

companies from the UK Government at £13,519m. The Local Government predom-

inantly makes payments to Households through housing benefits, here this figure is

£6,316m.

The balancing items for the UK Government and the Scottish Government account

are their payments to the Corporate sector, as outlined in chapter 4, section 4.6. These

are £2,660m for the UK Government and £3,062m for the Scottish Government. The

last payments by the Government sectors recorded in the “BASE” SAM are the Block

Grant from the UK to Scotland at £25,303m and the grant payment by the Scottish

Government to the Local Government at £10,644m.

The UK Government payment to the External sector of £8,367m is the “Non-

identifiable spending”, which the UK Government does on behalf of Scotland. Thus

these are UK Government expenditures, which are not covered as direct spending in

Scotland but are made on behalf of the whole of the UK. For example, spending on

“Defence” falls under this category and Scotland is apportioned a population-share

based figure. The External sectors payments to the Local Government are also some

UK-wide funding streams to Local Authorities, which are not identified as direct spend-

ing.

Each of the three Governments identified in the SAM earns income from OVA,

£529m for the UK, £1,780m for Scotland and £1,388m for Local (see chapter 4, section
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4.6 for further details on these entries). The grant payments are already covered

above. The next income recorded in Table 6.3.2 are the tax incomes. UK Taxes

identifies UK-wide taxes, which are set by the UK Parliament and collected in Scotland,

but flowing straight back to the UK Government6.

These are £35,221m for the UK Government, whilst Local Taxes yield £3,761m for

the Local Government. Thus the total for the Tax accounts is £38,982m. Note that

the tax total is held constant for all SAMs below. The Local Tax account is made up

of the “Non-Domestic Rate” and the “Council Tax” which were devolved to the Local

Authorities in Scotland under the Scotland Act 1998 (The UK Parliament, 1998).

The transfer from the External sector to the UK Government of £20,112m is a

balancing item for the UK Government account. It reflects (and is close in value to) the

revenue support that Scotland receives from the UK, however (see chapter 3, section

3.5.2). The transfer to the Local Government of £738m from the External sector, is the

balancing item for the Local Government account.

The Activities account pays indirect taxes mainly in form of VAT to the UK Govern-

ment, which is at £4,779m (see UK Tax row) in the “BASE” SAM. The Capital account

pays the UK Tax account most of the capital gains tax collected at £1,495m for 2009.

The remaining capital gains payments are made by Households, who also pay income

tax, inheritance tax, social security contributions and taxes on products (mainly VAT)

to the UK Tax account, with the total at £25,356m.

Households also pay council tax to the Local Tax account of £1,961m. Corpo-

rations tax flows from corporations to the UK Tax account at £3,269m and the Non-

Domestic rate payments are £1,801m. The External sector pays £322m (mainly VAT)

to the UK Tax account.

6These taxes are: Aggregates levy; Agriculture levies; Air passenger duty; Alcohol duties; Betting,
gaming and lottery duties; Capital Gains Tax; Channel 4 funding; Climate change levy; Fossil fuel levy;
Gas levy; Hydro benefit tax; Hydrocarbon oils duty; Income Tax; Inheritance Tax; Insurance premium tax;
Landfill tax; Lottery fund; Protective duty on imports; Renewable obligation certificates; Social Security
Contributions; Stamp duties; Strategic Rail Authority rail franchise premia; Sugar levy; Tobacco duty
(Scottish Government, 2011a)
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Scotland Act 2012

Table 6.3.3 shows an aggregated SAM for Scotland under the fiscal framework of the

Scotland Act 2012 (The UK Parliament, 2012). The SAM total is smaller compared to

Table 6.3.2, which captures the reduction in the UK Government account (£55,862m

to £51,130m), whilst the other two Government accounts are held constant. Note that

the Scottish Government total does not change here, since the increase in tax revenue

is offset by a decrease in the ‘block grant’ payment from the UK Government. The total

of the Tax account remains unchanged, since there is only an internal shift from some

UK taxes to Scottish taxes. The changes from the “BASE” SAM to the “Scotland Act

2012” (as well as the subsequent changes in Tables 6.3.4 and 6.3.5) are implemented

using the following structure.

First, all direct and indirect tax changes are implemented, i.e. the relevant UK

Government and Tax accounts’ income and expenditure items are transferred to the

Scottish Government and Tax accounts. The largest item of fiscal transfer to Scotland

is the partial devolution of the income tax, known as the “Scottish Rate of Income Tax”

(SRIT). Using calendar year 2009 figures for the estimate, the adjustment is £4,347m

of income tax paid by Households to the Scottish Government.

The other tax changes are the full devolution of the Landfill Tax (£83m) and the

Stamp Duty Land Tax (£303m). These taxes are captured in the Tax account and

the total adjustment is £385m7, which is captured under “Scottish Tax” in Table 6.3.3

(Scottish Government, 2013b). All of the Landfill Tax is identified as a tax paid by in-

dustry in the IxI table. However, Stamp Duty is paid by both Corporations and House-

holds. The share of the latter is £134m, which is added to Households’ payment to the

Scottish Tax account at £4,480m. The total of the Scottish Tax account is £4,732m

The remaining share of the Stamp Duty tax as well as all of the Landfill Tax are

captured under industries’ tax expenditure, here in the “Activities” account, at £252m.

Note that in the full SAM, the Landfill Tax and Stamp Duty Tax are disaggregated from

all sectors individually using a share of total tax payments for all sectors. The UK Tax

7Note that these figures are subject to rounding due to presentation purposes here.
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account decreases reflecting the devolution of these taxes to Scotland and thus the

total now is £30,489m.

The devolution of the taxes above to Scotland is also reflected in the adjustment

of the Block Grant, as stated in the Scotland Act 2012 (The UK Parliament, 2012).

This is at £20,571m down from £25,303m in the “BASE” SAM. Recall that the Local

Government and the Local Tax account are held constant, thus there is no change in

the grant to the Local Government.

Scotland Bill

Table 6.3.4 shows the Scottish SAM under the changes proposed under the Smith

Commission and currently being formalised under a “Scotland Bill” in the UK Parlia-

ment (The Smith Commission, 2014; The UK Parliament, 2015). The devolution of

taxes as well as welfare payments from the UK to Scotland alongside the adjustment

of the Block Grant outlined below result in the following changes to the public sectors

totals.

The UK Government total decreases from £51,130m under the “Scotland Act 2012”

(shown in Table 6.3.3) to £43,962m under the “Scotland Bill” (shown in Table 6.3.4).

The Scottish Government total remains largely unchanged with the total for this sector

increasing slightly to £27,319m. Note that the increase here is due to the adjustment

in the grant payments from the UK Government to the Scottish Government in order

to cover the devolution of some welfare spending (The UK Parliament, 2015).

The UK Tax and Scottish Tax account capture the full and partial devolution of di-

rect and indirect taxes, with the total between the two accounts remaining constant,

however. The UK Tax account reduces from £30,489m to £23,321m, whilst the Scot-

tish Tax account increases from £4,732m to £11,900m.

The tax changes in the Scotland Bill include the full devolution of income tax as

well as the Air Passenger Duty and the Aggregates Levy. Furthermore, the first 10p

of VAT collected in Scotland are to be devolved to the Scottish Government as well
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as 2.5p of the 5p reduced rate. Thus the assumption here is 50% of VAT revenue

is flowing directly to Scotland and the remainder is attributed to the UK Government.

These changes are captured in adjustments to the Government as well as the Tax

accounts in the “Scotland Bill” SAM.

The data for the devolution of the VAT comes from the Scottish Government and

is not publicly available. The devolution of the Air Passenger Duty is captured by both

the Household and the Tourist account. This is done using a share of the total tax

payments as identified in the IxI table. The Aggregates Levy is paid by the Mining

industries and thus, is devolved to the Scottish Tax account from these sectors.

The devolution of Household taxes to Scotland results in the Scottish Tax account

increasing its revenue from Households to £10,847m, whilst that of the UK Tax account

falls to £14,509m. The devolution of the taxes paid by industries leads to the Scottish

Tax account increasing its income from the “Activities” sector to £1,042m, whilst the

UK Tax account decreases here to £3,738m. The devolution of part of VAT results in

the External sector paying £11m in taxes to the Scottish Tax account.

The devolution of the above taxes is accompanied by a reduction of the Block

Grant, as outlined by both the Smith Commission and the current Scotland Bill. The

total of the grant payment from the UK to Scotland decreases from £20,571m (under

the “Scotland Act 2012”), to £13,640m.

The Scotland Bill also devolves some welfare payments. A share of the benefits,

which are currently proposed to be devolved to Scotland8, against all benefit payments

is calculated and a population share for Scotland applied. This share is 1,75% and this

is applied to the UK Government payments to Households. Hence, the Scottish Gov-

ernment pays £237m in benefits to Households, with the UK Government paying the

remainder of £13,282m(The UK Parliament, 2015; Department for Work and Pensions,

2011a, 2011b).

8These benefits are: Attendance Allowance, Carer’s Allowance, Disability Living Allowance, Personal
Independence Payment, Industrial Injuries Disablement Allowance, Severe Disablement Allowance, Cold
Weather Payment, Funeral Payment, Sure Start Maternity Grant, Winter Fuel Payment and Discretionary
Housing Payments.
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Fiscal Devolution

Table 6.3.5 shows the Scottish SAM under full “Fiscal Devolution”. Here, all remaining

income and expenditure entries from the UK Government identified in the “Scotland

Bill” SAM are now devolved to the Scottish Government. The UK Government is es-

sentially taken out of the SAM under this framework. The Scottish Government and

Tax accounts increase to a total of £57,642m and £35,221m, respectively.

The aggregate effect is that the SAM total decreases to £698,199m. All tax re-

ceipts and expenditure for the Scottish Government are now the combined figures of

the UK- and Scottish Governments from the “Scotland Bill” SAM. All row and column

entries that identified UK Government income and expenditure in Table 6.3.4 are now

aggregated with the corresponding Scottish Government cells. The same is applied to

the UK Tax account and Scottish Tax account.

Note that the Scottish Government account now captures the spending on the

External sector of £8,367m. This is the “Non-identifiable” spending that the UK does

on behalf of Scotland.

Also, the Scottish Government now reports the transfer payment from the External

sector of £20,112m. This was previously assigned to the UK Government and reflects

the shortfall in Scottish tax revenues versus public sector expenditure in Scotland.

It has to be stressed that the “Fiscal Devolution” SAM offers a potential, although

more hypothetical fiscal arrangement for Scotland. This is because it is unlikely that

there would be no UK Government purchases from Scottish industries at all. More

importantly, the transfers between the Scottish Government and the External account,

outlined above, would most likely be subject to adjustments.
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6.4 Modelling Different Levels of Fiscal Devolution

Section 6.3 calculated Scottish SAMs intended to reflect different levels of fiscal auton-

omy for Scotland. This section utilises these SAMs for calibrating SAM models which

are employed to analyse the effects of two different exogenous demand shocks on the

Scottish economy under varying levels of fiscal devolution (this is done in section 6.5).

Computing the multiplier with an endogenous and disaggregated Government ac-

count enables the study of how the different levels of fiscal devolution are likely to

affect the response of the Scottish economy to impact responses to both internal and

external shocks. Section 6.4.1 derives the SAM Multipliers with an endogenous Gov-

ernment sector. Section 6.4.2 calculates the different SAM multipliers, which reflect

various level of disaggregation and of degrees of fiscal autonomy.

6.4.1 SAM Multiplier - Endogenising Government

The “Standard” SAM multiplier accounts for both the direct and indirect effects on

the system following an exogenous shock as well as capturing the induced effects

on factor and household incomes. Furthermore, the SAM multiplier as a Keynesian

income-expenditure multiplier, also captures the changes in expenditures on industry

outputs following the aforementioned household consumption effects (Round, 2003;

Adelman & Robinson, 1986).

The SAM multiplier analysis is subject to the limitations imposed by the underly-

ing IO framework, which are, inter alia, the fixed price assumption, immediate labour

market adjustments and excess capacity. Thus the implicit assumption is that prices

do not react to changes in the economic conditions following an exogenous demand

shock, which eliminates any substitution and competitiveness effects.

A key assumption for the SAM model is passive supply, i.e. no price changes and

thus no incentive to substitute inputs following an exogenous shock to the system.

Thus, the model assumes that there is spare labour and resources available at all

times to adjust according to changes in the demand for products.
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Furthermore, income elasticities of demand are assumed to equal 1. Thus, the

impact of an increase in household income on the demand for luxury goods is under-

stated whilst the model overstates the impact on demand for necessities. However,

as argued in chapter 5, the SAM multiplier model still allows for detailed and accurate

modelling of the direct and indirect effects that an exogenous shock has on a regions

or on a country’s economy Golan et al. (2000); Round (2003).

As noted in chapter 5, the Government, Capital and External Accounts are cus-

tomarily treated as exogenous in SAM multiplier analysis (Round, 2003). However,

in order to study the effects of fiscal devolution on Scotland, part of the Government

sector needs to be endogenised. Therefore the Scottish and Local Government are

endogenised here, to reflect increasing degrees of fiscal autonomy in the different

SAM models. Note that endogenising part of the Government sector in the Scottish

context is a unique contribution of this chapter. The part of the SAM model, which

captures the endogenised Government part, are wholly derived in this chapter.

Including part of the Government account results in the SAM multiplier also cap-

turing those direct and indirect flows of corporate as well as household income and

of Other Value Added (OVA) to and from the Government sector. Additionally, Scot-

tish and Local Government spending becomes endogenous. The derivation of the

SAM multiplier with an endogenous Government sector below is an extension of the

computation in chapter 5.

The SAMs used for this model are aggregated to 25 industry sectors with full

Household and Government sector disaggregation. Note also that the basic assump-

tion of fixed prices still holds. Thus, the modelled demand shock does not affect prices,

but it is assumed that there is excess capacity and unemployment, which absorb the

shock (Thorbecke, 2000). Therefore, any job gains or losses are treated as permanent

and instantaneous as was outlined in chapter 5.

The derivation below borrows from chapter 5 and therefore not all equations are

repeated here. More detail is given in chapter 5, Sections 4 and 5. The model outlined

below still retains some parts of the Government sector as exogenous (the UK Gov-
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ernment) and some parts are endogenised (Scottish and Local Government). Thus,

the model description below focuses on the additional endogenised Government com-

ponent. Recall, in the SAM multiplier, total other value added, Π, is given by:

Π = πx (6.4.1)

where π is an n×1 vector whose ith value is the other value added in the ith sector

divided by the total output of that sector. A share of value added, ρY goes directly to

households, a share ρR goes to corporations and a share ρG flows directly to the part

of Government that is endogenised here. ΨY , ΨR and ΨG are endogenous transfers

to the Household, Corporate and Government sectors, respectively.

T Y , TR and TG are exogenous transfers to the Household, Corporate and Gov-

ernment sector from the external sector as well as from the part of the Government

account that is held exogenous. Subsequently a share of corporate income, rY , is

transferred to households. Also, the (endogenised) Government sector receives tax

income from both the Household sector, τY , and from the Corporate sector, τR. This

means that in the SAM multiplier Household, Y , Corporate, R, and Government ,G

are given as:

R = ρRΠ + ΨR + TR (6.4.2)

Y = W + ρY Π + rYR+ ΨY + T Y (6.4.3)

G = ρGΠ + τY + τR + ΨG + TG (6.4.4)

186



Combining equations 5.3.3, 5.3.5, 5.3.12 and 5.3.13 from chapter 5 with 6.4.2,

6.4.3 and 6.4.4 and expressing this in matrix form produces:

S

x
v

+

f − c
fv

 =

x
v

 (6.4.5)

where the S is now a (n+ 5)× (n+ 5) matrix:

S =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

A 0 0 φN 0 δ

w 0 0 0 0 0

π 0 0 0 0 0

0 1 ρY 0 rY ΨY

0 0 ρR 0 0 ΨR

0 0 ρG τY τR ΨG

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

(6.4.6)

The entries in the first four rows and columns of the S-matrix are identical to those

in Equation 5.4.5 in the previous chapter. However, the bottom row and right column

are added and represent the partly endogenised Government sector. Note that invest-

ment and the external sector as well as that part of the Government account which

identifies the UK Government in Scotland is held as exogenous.

where fV is the 5×1 vector of exogenous income transfers and v is the 5×1 vector

of factor and institutional incomes, so that:
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fV =



0

0

T Y

Y R

0


, v =



W

Π

Y

R

Ψ


(6.4.7)

Through standard matrix inversion:

[I − S]−1

f − c
fV

 =

x
v

 (6.4.8)

The multiplier outlined here endogenises the Household, Corporate and part of the

Government sectors. Therefore, the direct link between Household income and OVA,

as well as the flow of OVA through Corporations and the Scottish Government and

Local Government to Households is endogenised in the SAM multiplier, as is part of

government expenditure (Scottish Government and Local Government expenditure).

In contrast to the “Standard” SAM multiplier, tax- and welfare payments to- and

from the Scottish Government and Local Government are now endogenised, whereas

these are traditionally treated as exogenous to the model. Note that part of the total

payments remains exogenous in this model, since the UK Government sector remains

exogenous.

Again if the element in the ith row and the jth column of the SAM inverse is rep-

resented with the subscript i, j then the SAM multiplier value for sector j , MS
j , is the

sum of the first n elements j

MS
j =

n∑
i=1

σi,j (6.4.9)
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Thereby measuring the system-wide change in total output generated by a unit

increase in exogenous final demand for the output of sector j.

Equation 6.4.7 identifies the characteristics of this SAM multiplier model with en-

dogenous Government. Expenditure in the Capital and External accounts are wholly

exogenous as well as part of the Government account (UK Government here). Expen-

ditures in all other accounts are endogenous.

All wage and parts of profits income generated in production go to domestic House-

holds. Household, Corporate as well as Scottish and Local Government expenditures

are endogenised but in all cases there are exogenous transfers from the External and

the UK Government sector, together with endogenous income indirectly from produc-

tion and some Government transfers.

An important issue here is that the model operates so that exogenous expenditures

drive endogenous ones. A key issue is therefore what is counted as exogenous and

what is endogenous. Endogenising part of the Government sector in the SAM model

counters a criticism of this type of model, where changes in the system do not have an

impact on the components that are treated as exogenous but are in fact endogenous

under some fiscal arrangement. Since the domestic Government sector in Scotland

is of importance to the whole economy (e.g. the public sector is the single largest

employer in the country), demand shocks ought to have direct and indirect effects on

the domestic Government sector.

6.4.2 SAM Multiplier - Calculation

Section 6.4.1 developed a SAM multiplier model with a partially endogenised Govern-

ment account, here the Scottish and Local Government. Using the method outlined

above, this section computes 4 SAM multipliers. Each of these multipliers is based on

one of the 4 SAMs from section 6.3. That is to say that the first multiplier captures the

Scottish economy under the “BASE” setting, the second multiplier under the “Scotland

Act 2012” setting, the third multiplier under the “Scotland Bill” setting and the fourth

multiplier under the “Fiscal Devolution” setting.
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Table 6.4.1 shows the multiplier values associated with the four SAM models, which

are based on a 25 industry aggregation9. The table displays the multiplier value for

each of the 25 industry SAM multiplier, as well as the totals, the average and weighted

average. Note that the weighted average is calculated by computing each industry’s

share of the total exogenous demand from the SAM (see Table 9.7.2). This share is

then multiplied by each multiplier. The ‘weighted average’ figure at the bottom of Table

6.4.1 is the sum of all industries’ weighted averages.

The different multipliers are based on SAMs capturing increasing stages of fiscal

devolution. Hence, the multiplier values are assumed to increase accordingly (left to

right in Table 6.4.1). This is the case for all multipliers, apart from the ‘Agricutlure’

multiplier for the “Scotland Bill” and the “Fiscal Devolution” setting. This is due to the

subsidy payments, i.e. endogenising a negative tax payment here, for the “Agriculture”

sector. These were carried by the UK Government in the other settings of the SAM,

but they are transferred to the Scottish Government under “Fiscal Devolution”.

The averages of the multipliers are increasing with higher degrees of fiscal auton-

omy for Scotland. The averages are 1.942 for the “BASE”, 1.999 for the “Scotland

Act 2012”, 2.093 for the “Scotland Bill” and 2.334 for the “Fiscal Devolution” setting.

Equally, the weighted averages increase from 1.970 to 2.027 to 2.123 to 2.364 for each

setting, respectively.

The differences between the averages are: 0.057 (“BASE” to “Scotland Act 2012”),

0.094 (“Scotland Act 2012” to “Scotland Bill”) and 0.241 (“Scotland Bill” to “Fiscal Devo-

lution”). The differences between the weighted averages are: 0.057, 0.096 and 0.241

for the same settings as above, respectively. Hence, the difference in the weighted

averages between the “BASE” and “’Scotland Bill” setting is: 0.153 and between the

“BASE” and “Fiscal Devolution” case is: 0.394.

The average and weighted average multiplier values for the “BASE” and the “Scot-

land Act 2012” show that the impact of moving to the latter setting seems compara-

tively small. Recall that the largest change from the “BASE” to the “Scotland Act 2012”
9Table 9.7 is the aggregation matrix, which details how the initial 104 industries are aggregated to 25

industries for the model.
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Table 6.4.1: Partially Government Endogenised SAM Multiplier - Overview

Base Scotland Scotland Fiscal

Act 2012 Bill Devolution

1. Agriculture, forestry and fishing 2.073 2.103 2.176 2.101

2. Mining 1.955 2.002 2.089 2.306

3. Food, drink and tobacco 1.975 2.024 2.103 2.301

4. Textile, leather, wood and paper 2.033 2.088 2.172 2.396

5. Chemicals 1.431 1.455 1.492 1.617

6. Rubber, plastic, cement and iron 1.969 2.029 2.119 2.394

7. Computer, electrical and transport equip. 1.951 2.006 2.093 2.315

8. Electricity, gas and water 2.149 2.195 2.268 2.503

9. Construction 2.201 2.261 2.356 2.597

10. Wholesale and retail 1.955 2.022 2.123 2.423

11. Land transport 1.963 2.024 2.116 2.410

12. Water transport 2.022 2.071 2.142 2.409

13. Air Transport 1.849 1.900 1.970 2.276

14. Post and support transport services 2.032 2.097 2.202 2.463

15. Accommodation 1.872 1.937 2.033 2.360

16. Food & beverage services 1.874 1.940 2.034 2.389

17. Telecommunication 1.914 1.976 2.073 2.336

18. Computer and information services 1.840 1.909 2.020 2.294

19. Financial services 1.969 2.027 2.131 2.408

20. Real estate 1.727 1.766 1.831 2.016

21. Professional services 1.938 2.005 2.112 2.378

22. Research and development 2.086 2.157 2.286 2.412

23. Public administration 1.941 2.017 2.163 2.447

24. Recreational services 1.965 2.034 2.155 2.442

25. Other services 1.868 1.939 2.063 2.351

Average 1.942 1.999 2.093 2.334

Weighted Average 1.970 2.027 2.123 2.364
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case is the endogenising of part of income tax paid in Scotland. Thus the multiplier

values do not increase by as much as in the other cases.

However, the move to the “Scotland Bill” and the “Fiscal Devolution” settings from

the “BASE” are much larger. These differences are due to the higher degree of fis-

cal devolution that are endogenised in the “Scotland Bill” and the “Fiscal Devolution”

cases. Recall that the “Scotland Bill” SAM captured the devolution of all of income tax,

part of VAT and other taxes as well as the transfer of some welfare payments.

In the “Fiscal Devolution” SAM, the UK Government is essentially taken out and the

Scottish Government is assigned all the revenue and expenditure from the UK Govern-

ment (apart from the block grant payment of course). Note that the “Fiscal Devolution”

SAM is a variant of full fiscal autonomy for Scotland, but not full independence.

In the SAM models calibrated on the SAMs capturing higher degrees of fiscal au-

tonomy, the multiplier effects on Scottish industries are increased. This is due to the in-

duced effects, which increase with a larger proportion of the Government endogenised

in the model.

That is to say that the sensitivity of the models increases, i.e. the sensitivity of the

Scottish economy to both internal and external shocks is greater. Note that in the ex-

ogenous demand shocks modelled below, the higher sensitivity to the shocks results

in larger output and employment effects. However, a key point of this is that any ad-

verse shocks, i.e. a fall in demand results in greater negative output and employment

effects for the SAM models capturing greater degrees of fiscal devolution.

Figure 6.4.1 plots the multiplier values from Table 6.4.1 for all four endogenous

Government SAM multipliers by all 25 sectors. The graph shows that the multipliers by

sector generally move in the same direction across the four different models. Further,

Figure 6.4.1 shows that the difference between multipliers grows larger with increasing

degrees of fiscal devolution, as discussed above.
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Figure 6.4.1: SAM Multiplier Comparison
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Figure 6.4.1 shows that the multipliers for some industries are closer than for oth-

ers. For example, the multipliers for the “Chemicals” and the “Real Estate” sectors are

comparatively low for all models and in contrast, the multipliers for the “Electricity, gas

and water” and the “Construction” sector are high.

However, Figure 6.4.1 also shows that multipliers for the same sector increase

for some models and decrease for others when compared to other multipliers. For

example, the multiplier computed under the “Fiscal Devolution” calibration of the SAM

for the “Food & beverages services” sector is shown to increase when compared to

the “Accommodation” sector, whilst the multipliers for those two sectors are nearly

identical for the other three settings.

Note that the multiplier for the “Agriculture, forestry and fishing” sector is smaller

under “Fiscal Devolution” than for the “Scotland Act 2012” and the “Scotland Bill” set-

ting. This is due to the negative taxes, i.e. subsidies, that are wholly endogenised

here, which were previously exogenous (UK Government).

Figure 6.4.1 illustrates both the varying size of the endogenised Government com-

ponent in the SAM multipliers but also the sensitivity of the multipliers. It highlights

potential impacts of further devolution for Scotland in that internal and external shocks

to the economy are subject to ever increasing multiplier effects. The next section

(6.5) performs exogenous demand shocks on two sectors under the four different SAM

model settings.

6.5 Exogenous Demand Shocks

The SAM Model computed in section 6.4 captures the direct, indirect and induced

effects of exogenous demand shocks. Four SAM multiplier models are calculated here;

each reflects a different degree of fiscal autonomy for Scotland. The SAM models

are employed to simulate the effects on the Scottish economy of exogenous demand

shocks under different fiscal arrangements for Scotland.

This section models two exogenous demand shocks under the four different stages
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of fiscal devolution for Scotland discussed in section 6.3. The first shock is imposed

on the “Foods & Drinks” sector and the second shock on the “Public Administration”

sector. Both shocks reflect a £500m increase in external demand for each sector

individually.

The shock to the “Foods & Drinks” sector is motivated by a Scottish Government

policy to increase exports of Scottish food and drink products in the coming years.

The policy goal corresponds to an increase in the sector’s output of £500m for the

year 2009 (Scottish Government, 2013d).

The “Public Administration” sector offers a different set of characteristics to the

“Foods & Drinks” sector. “Public Administration” is the largest sector in the Scottish

economy in terms of ‘Total Final Demand’ with £39,923m. This sector is largely de-

pendent on the Government sectors, which purchase a combined total of £28,582m of

total output from the “Public Administration” sector.

This is in stark contrast to the “Foods & Drinks” sector, which does not sell any

output to the Government sectors (Emonts-Holley et al., 2014). Hence, the assumption

is that the two shocks results in different multiplier effects across industries and stages

of fiscal devolution.

6.5.1 SAM Model Setup

The results of the SAM modelling are reported as first, the “Indirect & Induced Output

Effect” for all 25 industries in the SAM model in Table 6.5.1. This effect is the impact

that the exogenous shock has on the output of each of the industries, excluding the

direct effect of the exogenous shock. That is to say that the initial direct effect from the

shock (the increase on the ‘shocked’ sector, which is equal to the size of the shock) is

not included in the results.

The “Indirect & Induced Output Effect” shows how the different industries are linked

with each other (see section 6.4.1) as well as the impact of endogenous consumption

and some government expenditure.
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Recall from section 6.4.1 that the SAM multiplier accounts for direct and indirect

effects as well as the induced effects on factor and household income. Since, the

Government sector is partially endogenised here, larger degrees of fiscal autonomy

for Scotland are reflected in the increasing multiplier values. That is to say that the

indirect and induced effects in the SAM multipliers in Table 6.4.1 rise with a more

devolved public sector in Scotland.

Next, the results report the “Indirect & Induced Employment Effect” for all 25 indus-

tries, j, in the SAM model (Miller & Blair, 2009). These are the indirect and induced

effects that the exogenous demand shock has on the number of people employed in

each industry. Note that this implies a linear increase in workers/employees in each

industry following the rise in production to respond to the upward move of demand.

The “Indirect & Induced Employment Effect” is computed by taking the vector of in-

direct and induced output effects and multiply this by the vector of employment/output

ratios (Miller & Blair, 2009). Table 9.7.3 reports the ‘Base year employment figures’

from the 2009 SAM for Scotland. Table 9.7.4 shows the ‘Employment-output coeffi-

cient’ for all sectors.

The SAM model results also report the “Percentage Change Compared to SAM”,

which is simply the ratio of the indirect and induced effects to the SAM baseline figure

for the corresponding sector (times 100). Note that the “Percentage Change Com-

pared to SAM” is the same for the “Indirect & Induced Output Effect” as for the “Indirect

& Induced Employment Effect”, reflecting the fixed technology assumption of the SAM.

The percentage changes reflect the importance of the multiplier effect relative to that

sector.

Figure 6.5.1 plots the shares of Total Final Demand and Base Year Employment

(full-time equivalent) from Tables 9.7.3 and 9.7.4. The shares are each sector’s share

of Total Final Demand of the total and each sector’s share of employment compared

to the total employment.

The graph shows that the “Public Administration” sector is the largest both in terms

of final demand and of employment in Scotland. Note that this sector includes the
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Figure 6.5.1: Total Final Demand and Base Year Employment Shares
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‘Public Administration’ sector from the 104 industry aggregation of the SAM, as well

as ‘Health’ and ‘Education’. Recall Table 9.7 is the aggregation matrix, which details

how the 104 industries from the SAM are aggregated to 25 industries for the SAM

model.

The “Construction”, “Wholesale and retail” and the “Professional services” sector

are shown as the next three largest sectors in terms of both total final demand and

employment.

However, Figure 6.5.1 also visualises sectors’ labour intensity with respect to their

total final demand share. For example, the “Public Administration”, the “Wholesale and

retail” and the “Professional services” sectors all have a significantly higher share of

employment than of total final demand. Conversely, the “Chemicals”, the “Electricity,

gas and water” and the “Real Estate” sectors are all relatively labour non-intensive.

These underlying characteristics of the sectors are key for both the output and

the employment effects in the SAM model. For example, a positive (direct or indirect)

shock on a labour intensive sector such as “Wholesale and retail” sector produces a

larger indirect and induced employment effect than for a less labour intensive sector.

These indirect and induced effects are magnified when the endogenous Govern-

ment sector in the model is devolved further fiscal autonomy, as for some of the models

in this section. Now, a shock that results in higher tax revenue results in larger indi-

rect and induced effect, since the endogenised Government consumption increases

by more than before the devolution of more fiscal powers.

Note though, as mentioned above, that higher degrees of sensitivity to shocks re-

sults in a more volatile economy in the model. That is to say that a negative shock has

a larger contractionary impact in the model with a partially endogenised Government

sector. Hence, a fall in demand for the “Wholesale and retail” sector, for example,

results in a proportionally large fall in employment and thus a fall in tax revenues and

a contraction of the (endogenised) Government sector. Hence, increasing degrees of

fiscal devolution result in larger negative effects in case of a contractionary shocks.
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Modelling the same exogenous demand shock under different stages of fiscal de-

volution results in different indirect and induced effects on the Scottish economy. From

6.4.2 and the multiplier data in Table 6.4.1, the expectation is that the higher degree of

fiscal autonomy, the bigger the impact of an exogenous demand shock on all Scottish

industries. Furthermore, shocks on different sectors is assumed to produce different

indirect and induced multiplier effects across industries.

6.5.2 Exogenous Demand Shock - Foods & Drinks Sector

The exogenous demand shock on the “Foods & Drinks” sector is performed on four

different calibrations of the model as outlined above. Figure 6.5.2 plots the indirect

and induced output multiplier effects for all four cases.

As expected, the SAM multiplier models reflecting a higher degree of fiscal au-

tonomy for Scotland show larger indirect and induced output multiplier effects overall.

However, the degree to which the indirect and induced output effects increase across

models differs between sectors. That is to say that higher degrees of fiscal autonomy

increase the sensitivity of sectors to demand shocks by different degrees.

Note though that, as mentioned above, the exogenous demand shock simulates

an increase in demand and the greater sensitivity of the economy to higher degrees of

devolution would result in a larger economic contraction in case of a negative (internal

or external) demand shock.

Furthermore, Figure 6.5.2 shows that there are significant differences between the

indirect and induced output effects by sectors. These differences highlight, inter alia,

the interdependencies between sectors, i.e. how a rise in final demand in one sector

is dependent on intermediate inputs from other sectors. This is discussed for each of

the models in more detail below.

“BASE” Analysis

Table 6.5.1 reports the output of the exogenous demand shock on the “Foods & Drinks”

sector under the “BASE” calibration of the SAM model. The first column gives the in-
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Figure 6.5.2: SAM Model Comparison: Indirect and Induced Output Effects - Food &
Drink Sector Shock, in £m
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direct and induced output effects in £m of the 25 sectors. Recall that this excludes

the direct demand effect of £500m on the “Foods & Drinks” sector. The second col-

umn reports the indirect and induced employment effect and the last column gives the

percentage change compared to the SAM baseline.

The total indirect and induced output effect of the shock is £487.37m.The total

output effect of the shock is £987.37m, which includes the direct output effect. The

average indirect and induced output effect on each sector is £19.49m. That is to say

that the average output by each sector rises by £19.49m as a result of the initial shock

on the “Foods & Drinks” sector. The total percentage change of the shock is given at

7.82% with an average increase of 0.31% for each sector (see Table 6.5.1).

The total indirect and induced employment effect is that the exogenous demand

shock produces nearly 5,332 full-time equivalent (FTE) jobs in the economy. Note this

excludes the additional jobs resulting from the direct effect, which reports 2,724 FTE

jobs. The average effect by sector is approximately 213 FTE jobs (see Table 6.5.1).

This is against a total employment figure for Scotland of 2,229,931 for 2009 (see Table

9.7.3).

Table 6.5.1 reports that the “Agriculture, forestry and fishing” sector, the “Whole-

sale and retail” sector, the “Food, drink and tobacco” sector and the “Public Adminis-

tration” sector are subject to the largest indirect and induced output effects. These are

£71.82m, £58.82m, £49.26m and £42.16m, respectively.

On the one hand, the size of the effect gives an indication to the interconnectivity

between the sectors, i.e. how much the output of one sector is needed as intermediate

inputs for the production of the additional total output of the sector which is subject

to the shock. These are the indirect and direct effects, respectively. On the other

hand, the size of the effect reflects the induced effects that is the additional income

generated, which is then spend again. The induced effect therefore stimulates the

economy additionally, through a rise in both final demand and intermediate inputs.

The results in Table 6.5.1 also highlight the unique identity characteristics, e.g. the

cost structures of the sectors. For example, the indirect and induced output effect re-
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Table 6.5.1:
Government Endogenised Multiplier - BASE
£500m External Demand Shock on the “Food, drink and tobacco” Sector

Indirect & Induced Indirect & Induced %age Change

Output Effect Employment Effect to SAM

1. Agriculture, forestry and fishing 71.82 1087.73 2.11%

2. Mining 2.94 11.53 0.05%

3. Food, drink and tobacco 49.26 268.40 0.58%

4. Textile, leather, wood and paper 12.31 121.06 0.40%

5. Chemicals 11.96 17.30 0.18%

6. Rubber, plastic, cement and iron 12.51 92.05 0.58%

7. Computer, electrical and transp. equip. 27.26 170.17 0.18%

8. Electricity, gas and water 35.48 92.77 0.28%

9. Construction 10.69 94.83 0.06%

10. Wholesale and retail 58.52 956.21 0.31%

11. Land transport 17.92 239.17 0.46%

12. Water transport 0.87 3.33 0.13%

13. Air Transport 2.39 8.05 0.20%

14. Post and support transport services 11.12 112.53 0.24%

15. Accommodation 4.39 90.46 0.19%

16. Food & beverage services 10.63 245.68 0.27%

17. Telecommunication 8.40 78.47 0.22%

18. Computer and information services 2.15 31.78 0.10%

19. Financial services 21.62 100.37 0.12%

20. Real estate 29.02 68.01 0.26%

21. Professional services 31.22 547.65 0.18%

22. Research and development 0.80 10.89 0.14%

23. Public administration 42.16 644.85 0.11%

24. Recreational services 6.47 121.95 0.23%

25. Other services 5.46 116.76 0.25%

Total 487.37 5331.99 7.82%

Average 19.49 213.28 0.31%
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ported by the “Wholesale and retail” sector is largely due to the rise in consumption.

This in turn is a result of the initial shock on the “Food, drink and tobacco” sector. Con-

versely, the indirect and induced output effect reported by the “Public Administration”

is due to a rise in tax revenue.

The different channels that the effects work through for each sector are captured

in the SAM10. Also, the indirect and induced output effect can be due to an industry

using a large proportion of its own output for intermediate demand in order to meet a

final demand increase.

For example, the aggregated “Food, drink and tobacco” sector includes both “Dairy

products” as well as “Animal feeds”. Hence, in order to meet the initial rise in final

demand through the exogenous demand shock, the “Food, drink and tobacco” sector

utilises at least parts of its own production as intermediate inputs to meet the rise in

final demand.

The sectors reporting the largest indirect and induced employment effects also

experience some of the largest indirect and induced employment effects. For example,

“Agriculture, forestry and fishing” sector reports an increase of FTE jobs by 1087.73

out of a total of 5331.99. Note that this also exceeds the average indirect and induced

employment effect of 213.28 FTE jobs by more than five-fold.

However, as discussed in section 6.5.1, the relative labour intensity of the sector

determines the size of the indirect and induced employment effect (see Table 6.5.1).

Thus, the “Public Administration” sector reports a rise in FTE jobs of 644.85 and the

“Food, drink and tobacco” sector shows a rise in FTE jobs of 268.4, although the

former reported a smaller indirect and induced output effect.

Figure 9.7.1 plots the indirect and induced employment effects from Table 6.5.1.

Overall the impact on employment seems to be similar to the impact on output (see

Figure 6.5.2). However, the magnitude of the effects differs by sectors and model.

Furthermore, some sectors show substantial output effects, but comparatively small
10see Emonts-Holley et al. (2014) for the full 2009 SAM for Scotland, which identifies the flows for

each of the 104 and the aggregated 25 industries.
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employment effects. This is due to the underlying labour versus capital intensity for

the production of final demand by sectors (see Table 9.7.3).

Some sectors report indirect and induced output effects that are larger than the

average effect across sectors and smaller indirect and induced employment effects

compared to the average, and vice versa. For example, the “Computer, electrical and

transport equipment” sector reports an indirect and induced output effect of £27.26m

(average is £19.49m) and an indirect and induced employment effect of 170.17 FTE

(average is 213.28 FTE). In contrast to that the “Food & beverage services” sector

reports an indirect and induced output effect of £10.63m and an indirect and induced

employment effect of 245.68 FTE.

As discussed above, the exogenous demand shock on the “Food, drink and to-

bacco” sector impacts the 25 sectors to different degrees. The percentage changes

reported in Table 6.5.1 reflect the effect that the shock has on the sectors compared to

their baseline values from the SAM. Recall that these are the same for both the indirect

and induced output effect as well as the indirect and induced employment effect.

The “Agriculture, forestry and fishing” sector is impacted the most by the shock,

since its output increases by 2.11%. Next, the “Food, drink and tobacco” sector as

well as the “Rubber, plastic, cement and iron” sector rise by 0.58%. Two more sectors

show an indirect and induced output effect larger than the 0.31% average impact on

sectors.

The “Land transport” sector increases output by 0.46% and the “Wholesale and

retail” sector’s indirect and induced output effect is a rise of 0.31%. The indirect and

induced output effect on these five sectors accounts for more half of the total impact

of the shock (4.04% compared to a total of 7.82%). These sector constitute industries

which capture aspects of food production, packaging, transportation and sale of food

and drink products.

At the other end of the spectrum are the “Mining”, “Construction” and “Computer

and information services” sector, which show a rise in output of 0.05%, 0.06% and
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0.10%, respectively. These results indicate the interdependence between sectors in

terms of intermediate demand. That is to say that in order to meet the rise in final

demand from the initial shock on the “Food, drink and tobacco” sector, the output of

other sectors in the economy are needed as intermediate inputs.

The percentage changes provide a useful tool for comparing each sector with its

baseline. However, they can offer conflicting evidence as to the impact the shock has

on the actual indirect and induced output and employment effects.

For example, “Chemicals” and the “Computer, electrical and transport equipment”

sector both report a 0.18% rise compared to the SAM baseline (see Table 6.5.1). How-

ever, their indirect and induced output effects are £11.96m and £27.26m, respectively.

Equally, the indirect and induced employment effects vary between the two sectors

with the “Chemicals” sector increasing by 17.3 FTE jobs and the “Computer, electrical

and transport equipment” sector adding 170.17 FTE jobs (See Figure 9.7.1).

“Scotland Act 2012”, “Scotland Bill” and “Fiscal Devolution” Analysis

Tables 9.7.5, 9.7.6 and 9.7.7 report the results of the same exogenous shock for the

SAM model calibrated under the “Scotland Act 2012”, the “Scotland Bill” and the “Fis-

cal Devolution” SAMs, respectively.

Since the SAM model here endogenises part of the Government account (Scottish

Government and Local Government), the models capture the effects of an increasingly

larger endogenous public sector. Furthermore, the indirect and the induced effects

in the SAM model are magnified through the higher degrees of fiscal autonomy in

Scotland reflected by the four SAM variants.

This is because there are stronger income-expenditure linkages as incomes rise.

With higher incomes, taxes rise and as implied by the model here, government ex-

penditures increase. Hence, the same exogenous demand shock results in larger

multiplier effects for the different SAM model calibrations.

205



The results of the shock on SAM models capturing higher degrees of fiscal auton-

omy for Scotland show that the indirect and induced effects increase. As mentioned

above, the total indirect and induced output effect for the “BASE” model is £487.37m.

This rises to £511.92m, £551.51m and £650.38m for the “Scotland Act 2012”, the

“Scotland Bill” and the “Fiscal Devolution” model, respectively.

Equally, the indirect and induced employment effect rises from 5,331.99 FTE jobs

for the “BASE” model to 5,650.87 FTE jobs, to 6,164.24 FTE jobs and to 7,375.82 FTE

jobs for the “Scotland Act 2012”, the “Scotland Bill” and the “Fiscal Devolution” model,

respectively.

These effects correspond to percentage changes compared to the SAM baseline

of 7.82% under the “BASE” model, to 8.03%, to 8.37% and finally to 9.37% under the

“Scotland Act 2012”, the “Scotland Bill” and the “Fiscal Devolution” model, respectively.

With the average indirect and induced on each sector rising from 0.31%, to 0.32%, to

0.33% and finally to 0.37% for the four different models.

Recall that Figure 6.5.2 plots the indirect and induced output effects for all four

models. It shows that the ranking of sectors across models differs, that is the magni-

tude of the indirect and induced effects changes with different degrees of fiscal auton-

omy endogenised in the model.

For example, the “Agriculture, forestry and fishing” sector reports the largest in-

direct and induced output effects in both the “BASE” and the “Scotland Act 2012”

model, with £71.82m and £72.01m, respectively (see Figure 6.5.2 and Tables 6.5.1

and 9.7.5). However, under the “Scotland Bill” setting, the “Public Administration” sec-

tor reports the largest indirect and induced output effect with £76.04m, compared to

the “Agriculture, forestry and fishing” sector’s £72.33m (see Table 9.7.6).

The “Public Administration” sector also reports the largest indirect and induced

output effect under “Fiscal Devolution” with £114.9m. However, the “Wholesale and

retail” sector shows the second largest indirect and induced output effect here with

£74.04m. The “Agriculture, forestry and fishing” sector reports the third largest indirect

and induced output effect under “Fiscal Devolution” with £73.51m (see Table 9.7.7).
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Other sectors also report changes in the ‘ranking’ of the indirect and induced output

effects. These results show that endogenising larger degrees of fiscal autonomy in

the model, changes the sensitivity of not just the economy as a whole to exogenous

shocks, but that of sectors to different degrees.

Note that the massive rise in the indirect and induced output effects for the “Public

Administration” sector across the SAM models is due to the fact that this sector cap-

tures the highest share of Government spending as discussed in section 6.3. Hence

the indirect and even more importantly the induced effects increase/ are magnified. In

the “Fiscal Devolution” model, all of the UK Government expenditure are transferred to

the Scottish Government, which is why the multiplier effect increases to such a large

extent.

Comparative Analysis

As stated above, the degree to which sectors are affected by the shock under differ-

ent fiscal frameworks endogenised in the model, varies. Note that the indirect and

induced employment effects plotted in Figure 9.7.1 report a similar impact of the differ-

ent stages of fiscal devolution endogenised in the models as the indirect and induced

employment effects in Figure 6.5.2. For example, the ‘ranking’ between the sectors

also adjusts in the same way as with the indirect and induced output effects.

However, Figure 9.7.1 clearly shows that the aggregate increases in employment

are significantly more concentrated on some sectors. The largest indirect and induced

employment effects are reported for the “Public Administration”, “Agriculture, forestry

and fishing”, “Wholesale and retail” and the “Professional services” sector.

Recall from Figure 6.5.1, that around 55% of all employment in Scotland is con-

centrated in the “Public Administration”, “Wholesale and retail” and the “Professional

services” sector. The share of total final demand for these sectors is approximately

36%. Each of the sectors reports a base year employment share of the total, which

is around 5% higher than their corresponding total final demand share. That is to

say that the labour intensity in these sectors is high, which affects the indirect and
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induced employment effects on these sectors. This in turn results in further effects on

other sectors, which benefit from an increase in aggregate income levels across the

economy.

Additionally, these sectors are also the first, second and fifth ranked sectors in

terms of total final demand. These baseline figures give an indication that a shock

to the economy might result in substantial effects reported by these sectors. What

is more important here though are the cost structures of the sectors, i.e. through

which channels the initial exogenous demand shock results in output and employment

adjustments in these sectors.

For the “Public Administration” and the “Professional services” sector, the degree

of fiscal autonomy endogenised in the model results in increasing indirect and induced

output and employment effects. This is because, the above-mentioned flow of higher

employment, yielding more tax revenue, which leads to higher Government spending

and this in turn results in more employment in sectors linked to Government spending.

The “Public Administration” sector captures the largest share of (endogenised) public

consumption, since it includes the “Health” and “Education” sector as well (see Table

9.7).

The SAM reports that a large share of “Public Administration” spending flows to the

“Professional services” sector, which includes “Architectural services”, e.g. planning

and ‘quantity surveyor’ work. Hence, the stimulus to the “Public Administration” sector

results in indirect and induced output and employment effects to the “Professional

services” sector.

The “Wholesale and retail” sector reports comparatively large indirect and induced

output and employment effects, since the rise in the consumption level of the economy

increases as a result of the exogenous demand shock. Higher levels of consumption

and a rise in output in the “Wholesale and retail” sector induce further increases in

employment for that sector and thus it reports one of the largest overall indirect and

induced effects in the model.
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In Table 6.5.1, the “Agriculture, forestry and fishing” sector is shown to account

for around 2% of total final demand and an only slightly higher percentage of base

year employment. Yet, as discussed above, it reports some of the largest indirect and

induced output as well as employment effects.

Note though that the effects reported by the “Agriculture, forestry and fishing” sec-

tor are more or less fixed in size across the different models. This is in stark contrast

to the “Public Administration”, “Wholesale and retail” and the “Professional services”

sectors, which report substantial increases with higher levels of fiscal autonomy endo-

genised in the models.

The comparatively large effects by the “Agriculture, forestry and fishing” sector

shown in Tables 6.5.2 and 9.7.1 are due to the production links of that sector with the

“Food, drink and tobacco” sector. That is to say that the sector which was subject to

the initial exogenous demand shock requires most of its intermediate inputs from the

“Agriculture, forestry and fishing” sector in order to meet the rise in final demand.

The SAM identifies that only around 2% of final demand from the “Agriculture,

forestry and fishing” sector is purchased from the “Public Administration” sector. Hence,

the indirect and induced output effects across models reported by the “Public Admin-

istration” sector do not flow through to the “Agriculture, forestry and fishing” sector.

Furthermore, Figure 6.5.2 shows that the most substantial increase in the “Public

Administration” sector’s output is under the “Scotland Bill” and the “Fiscal Devolution”

settings. However, these models endogenise a larger proportion of the negative tax,

i.e. subsidy, that the “Agriculture, forestry and fishing” sector receives from the Gov-

ernment. Hence the indirect and induced output and employment effects are mitigated

with higher degrees of fiscal devolution endogenised in the model.

The discussion above highlights that the initial exogenous demand shocks results

in different degrees of indirect and induced output and employment effects. The chan-

nels through which the additional activity is induced differs between sectors, however.

Overall, the effects increase with greater levels of fiscal devolution endogenised in the

model.
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6.5.3 Exogenous Demand Shock - Public Administration

The second shock is an exogenous demand shock on the “Public Administration” sec-

tor of also £500m. As above, the shock is run on four different calibrations of the

SAM model, the “BASE”, the “Scotland Act 2012”, the “Scotland Bill” and the “Fiscal

Devolution” setting.

Figure 6.5.3 plots the indirect and induced output effects on the 25 sectors under

all four models. The shock on the “Public Administration” sector results in a more con-

centrated effect, i.e. the majority of the indirect and induced effect is due to increases

in fewer sectors, than in the shock in section 6.5.2. Also, the effects of the higher

degree of fiscal autonomy endogenised in the different models impacts the sectors to

different degrees. First, the shock on the “BASE” model is analysed below.

“BASE” Analysis

Table 6.5.2 reports that the total indirect and induced output effect of the shock on

the “Public Administration” sector under the “BASE” setting of the SAM model is

£470.34m. As in section 6.5.2 this excludes the direct effect on the “Public Admin-

istration” sector, thus the total effect of the exogenous demand shock is £970.34m.

The average indirect and induced output effect by sector is £18.81m.

The largest indirect and induced output effects are reported by the “Public Adminis-

tration” sector with £86.22m. Thus around 18% of the total indirect and induced output

effects are due to the output rise by the “Public Administration” sector. That suggests

that this sector uses a lot of its own production as intermediate inputs to meet the

exogenous demand shock. The SAM reports that around a quarter of intermediate

inputs from the “Public Administration” sector are stemming from the sector itself.

Furthermore, as discussed in section 6.5.2, the “Public Administration” sector is

labour intensive and thus the indirect and induced employment effects are large. As

Table 6.5.2 reports, the “Public Administration” sector creates 1,318.82 FTE jobs as

indirect and induced effects from the initial shock. That is around a quarter of all jobs
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Figure 6.5.3: SAM Model Comparison: Indirect and Induced Output Effects - Public
Administration Sector Shock, in £m
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added in the “BASE” model. Note that Figure 9.7.2 plots the indirect and induced

employment effects for all four models and by sector.

The second largest increase in output is reported by the “Wholesale and retail”

sector with a £59.2m rise. Also Figure 9.7.2 shows that this sector has the second

largest indirect and induced employment effect in the “BASE” model. It adds 967.4

FTE jobs as a result of the shock (see Table 6.5.2). The rise in the “Wholesale and

retail” sector is, as with the exogenous demand shock on the “Food, drink and tobacco”

in section 6.5.2, due to a rise in consumption. That is to say that the increase in

the “Wholesale and retail” sector is largely due to the positive stimulus to the overall

performance of the economy.

This assumption is supported by the results of section 6.5.2, which reported nearly

identical increases in both the indirect and induced output and employment effects for

the “Wholesale and retail” sector. Hence, a general economic expansion is shown, in

the SAM model, to induce output and employment in this sector. Conversely, these

results suggest that economic downturns are likely to lead to a contraction in this

sector, independent on which sector was subject to the initial shock.

The sectors reporting the third and fourth largest indirect and induced output ef-

fects are the “Real estate” and the “Professional services” sectors, respectively. Both

increase their output by around £40m as a result of the exogenous demand shock on

the “Public Administration” sector. The SAM identifies that the “Public Administration”

sector purchases around 11% from the “Real estate” and the “Professional services”

sectors as intermediate inputs. Thus, a shock on the “Public Administration” sector

translates to indirect and induced output effects for “Real estate” and the “Professional

services” sector.

Figure 9.7.2 highlights that the indirect and induced employment effects of the two

sectors vary significantly. The “Professional services” sector adds 675.69 FTE jobs in

the “BASE” model. In contrast to this, the “Real estate” sector adds only 102.35 FTE

jobs (see Table 6.5.2).
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Table 6.5.2:
Government Endogenised Multiplier - BASE
£500m External Demand Shock on the “Public Administration” Sector

Indirect & Induced Indirect & Induced %age Change

Output Effect Employment Effect to SAM

1. Agriculture, forestry and fishing 6.11 92.58 0.18%

2. Mining 2.30 9.01 0.04%

3. Food, drink and tobacco 13.60 74.08 0.16%

4. Textile, leather, wood and paper 6.62 65.10 0.21%

5. Chemicals 11.76 17.00 0.18%

6. Rubber, plastic, cement and iron 3.52 25.90 0.16%

7. Computer, electrical and transp. equip. 27.41 171.10 0.18%

8. Electricity, gas and water 36.02 94.18 0.29%

9. Construction 16.14 143.15 0.08%

10. Wholesale and retail 59.20 967.40 0.31%

11. Land transport 13.98 186.68 0.36%

12. Water transport 0.94 3.60 0.14%

13. Air Transport 3.14 10.58 0.27%

14. Post and support transport services 11.91 120.50 0.26%

15. Accommodation 8.28 170.85 0.36%

16. Food & beverage services 16.28 376.25 0.41%

17. Telecommunication 13.24 123.59 0.35%

18. Computer and information services 2.82 41.66 0.14%

19. Financial services 27.85 129.26 0.15%

20. Real estate 43.67 102.35 0.39%

21. Professional services 38.52 675.69 0.22%

22. Research and development 1.80 24.36 0.30%

23. Public administration 86.22 1318.82 0.22%

24. Recreational services 9.17 172.78 0.32%

25. Other services 9.84 210.36 0.45%

Total 470.34 5326.84 6.13%

Average 18.81 213.07 0.25%
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The difference in the indirect and induced employment effects is due to the labour

intensity of each sector. Figure 6.5.1 reports that the “Real estate” sector employs less

than 2% of base year employment compared to a total final demand share of over 5%.

Conversely, the “Professional services” sector reports a base year employment share

of around 14% compared to a total final demand share of approximately 8%.

Thus, the “BASE” model reports varying levels of both indirect and induced output

and employment effects. Furthermore, as in section 6.5.2, the multiplier effects the

sectors experience are induced through different channels. These results are impor-

tant as they highlight both the interconnectivity between sectors, but also how some

sectors are mainly sensitive to the overall economic performance and thus fairly inde-

pendent to which sector is subject to the initial shock.

“Scotland Act 2012”, “Scotland Bill” and “Fiscal Devolution” model & Compar-

ative Analysis

Tables 9.7.8, 9.7.9 and 9.7.10 report the indirect and induced output and employment

effects for the “Scotland Act 2012”, “Scotland Bill” and “Fiscal Devolution” models,

respectively. Figures 6.5.3 and 9.7.2 plot these effects for all four models.

As with the exogenous demand shock on the “Food, drink and tobacco” sector,

the increasing levels of fiscal autonomy endogenised in the model result in both the

indirect and induced output effect and the indirect and induced employment effect to

rise for all sectors. However, the sensitivity to the shock varies between sectors, as

with the shock analysed in section 6.5.2.

Recall that the £500m exogenous demand shock on the “Public Administration”

sector produced a total indirect and induced output effect of £470.34m and a total total

indirect and induced employment effect 5,326.84 FTE jobs for the “BASE” model. The

“Scotland Act 2012”, “Scotland Bill” and “Fiscal Devolution” report total indirect and

induced output effects of £508.53m, £581.44m and £723.39m as well as total total

indirect and induced employment effects of 5,823.02 FTE jobs, 6,768.81 FTE jobs and

8,505.17 FTE jobs, respectively.
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Figure 6.5.3 shows that the increasing degree of fiscal autonomy endogenised in

the model increases the sensitivity to the (exogenous) demand shocks. That is to

say that the marginal increases of the indirect and induced output effects get larger

between the models.

The sensitivity of the indirect and induced output effects to the shock increases

most for the “Public Administration”, “Wholesale and retail” and the “Real Estate” sec-

tors. And the increases between models is most drastic between the “Scotland Bill”

and the “Fiscal Devolution” models. Figure 9.7.2 shows similar variations between

the models for the indirect and induced employment effects. Hence, the degree of

Government sector endogeneity results in the largest multiplier effects in the “Fiscal

Devolution” model.

In particular, the indirect and induced output and employment effects for the “Public

Administration” sector increase substantially between the models. For example, the

multiplier effects for the “Fiscal Devolution” model double compared to the “BASE”

model. As a result, the “Public Administration” sector carries a larger share of the total

indirect and induced output and employment effect with 28% and 36%, respectively.

Recall that in the “BASE” model these shares are: 18% and 25%, respectively.

These results indicate that the initial shock to the economy produces significantly

different output and employment effects in the economy by sectors. Furthermore, the

degree of fiscal autonomy endogenised in the model magnifies sectors’ multiplier ef-

fects by different degrees. Again, as discussed in section 6.5.2, these results also

highlight that positive shocks to the economy result in larger overall economic expan-

sions under greater degrees of endogenised fiscal autonomy. However, this greater

degree of sensitivity to shocks would result in equally magnified economic contractions

in case of a negative (exogenous) demand shock.
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6.6 Discussion

The model results above report that the effects of the same size exogenous demand

shock are larger when the “’Food, drink and tobacco” sector is shocked than when

the “Public Administration” sector is shocked. Overall, the shock on the former re-

sults in a more evenly distributed effect across sectors than the shock on the “Public

Administration” sector (see Figures 6.5.2, 6.5.3, Figure 9.7.1 and Figure 9.7.2).

The analysis in section 6.5.2 and 6.5.3 highlighted that the two shocks impacted

sectors in the economy differently. Furthermore, the channels that resulted in the

multiplier effects by sectors differ. Some sectors are shown to report larger indirect

and induced output and employment effects due to an aggregate rise in consumption

whilst others provide larger shares in terms of intermediate inputs to the sector which

was directly shocked.

Overall, with increasing degrees of fiscal autonomy, both shocks show a larger

impact on the Scottish economy. In both cases, the indirect and induced output and

employment effects are mainly carried to an increasing degree by sectors more closely

linked with the “Public Administration” sector. This is because the “Public Administra-

tion” sector captures the largest share of the endogenised Government consumption.

The indirect and induced output and indirect and induced employment effects are

also shown to differ in size depending on the underlying size, i.e. total final demand

and base year employment, of the sector (see Figure 6.5.1). However, the channels

which stimulate the multiplier effects are more significant for the model results and

therefore for directing potential demand stimulating (fiscal) policies.

For example, the “Wholesale and retail” sector and the “Professional services” sec-

tor have near identical total final demand and base year employment figures (see Fig-

ure 6.5.2). However, the “Wholesale and retail” sector reports larger multiplier effects

for all models than the “Professional services” sector. That is, despite both sectors

providing similar volumes in terms of intermediate inputs to the “Public Administration”
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sector. Hence, the degree of endogenised fiscal autonomy should impact the output

and employment multiplier approximately the same for the two sectors.

This suggests that the channel, which result in increases in the indirect and induced

output and employment effects for the “Wholesale and retail” is aggregate consump-

tion. Higher degrees of fiscal autonomy endogenised in the models simply increases

the sensitivity of the sector to potential internal and external shocks.

A key point of the model results is that the greater degree of sensitivity to shocks

also increases the volatility of the economy. The models above were subject to a

positive exogenous demand shock. However, a negative demand shock would result

in the model reporting increasing aggregated and sectoral contractions with larger

endogenous levels of fiscal autonomy.

Two additional take away points from the analysis above are, first, that some sec-

tors report larger effects under certain levels of fiscal autonomy but that this ‘ranking’

can shift with different degrees of fiscal autonomy. That is to say that for a greater

aggregate expansionary effect, different sectors should be ‘targeted’ by policies for

the different stages of fiscal devolution for Scotland (see 6.5.2 for a discussion on the

‘rankings’).

Second, given the high degree of sensitivity of the “Public Administration” sector, in

particular under the “Scotland Bill”, it is worth pointing out that policy-makers ought to

consider ‘sheltering’ this sector. Having this sector exposed to larger degrees of fiscal

autonomy in terms of the sensitivity to shocks, the potential downside is substantial.

This is of particular importance, given that the Scotland Bill is in the later stages in

the House of Commons and that the current Scottish budget deficit is larger than

anticipated (The UK Parliament, 2015).

6.7 Conclusion

This chapter significantly contributes to the modelling framework for the Scottish econ-

omy. First, SAMs representing different degrees of fiscal autonomy are constructed in
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section 6.3. Second, a SAM multiplier model with a partially endogenised Government

is derived in section 6.4. This model allows for the different degrees of fiscal autonomy

captured in the SAMs to be endogenised and demand shocks to be simulated.

Third, two exogenous demand shocks are modelled under four different variants

of the model. The results show that there are different channels operating in the

economy, which produce varying output and employment multiplier effects. Also, that

the Scottish economy is more sensitive to internal and external shocks with increasing

levels of fiscal autonomy.

218



Chapter 7

AMOS

7.1 Introduction

Chapters 2, 3 and 4 build and disaggregate the 2009 SAM for Scotland. The ‘Dis-

aggregated SAM’ identifies seven Household types and three Government and Tax

accounts. Chapter 5 discusses the differences between IO and SAM modelling and

concludes that the latter offers a more comprehensive modelling tool for the Scottish

economy. Chapter 6 employs a SAM model with a partially endogenised Government

sector to simulate an exogenous demand shock on the Scottish economy.

IO and SAM models provide useful tools to analyse demand shocks to an economy.

However, these models are subject to some strong assumptions, like fixed prices and

essentially infinite supply of labour and capital. Also, both IO and SAM models are

limited to simulate demand shocks only, hence they do not allow for supply side shocks

such as changes to the level of income tax paid in an economy. Since they do not

contain any detailed specification of the supply side of the economy.

Computable General Equilibrium models (CGEs) are arguably a natural extension

of IO and SAM models in that they combine the data of a SAM with economic theory.

Further, CGE models overcome the above-mentioned limitations of these models. A

key benefit of CGE models is that they have a fully specified supply side, which enables

the simulation of, for example a tax shock to the model. Analysing the impact of fiscal

policies to the Scottish economy is a key motivation for this thesis, which is why CGE

modelling is employed here.
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This chapter is structured as follows. Section 7.2 gives a general overview of CGE

models. Section 7.2.1 discusses the standard version of the CGE model employed

here, AMOS. Section 7.3 extends the model to capture seven Household types and

three Government types, i.e. the same specification as the SAM model in chapter 6.

Section 7.4 concludes.

7.2 CGE Models Overview

CGE models have their roots in the ‘general equilibrium’ concepts developed by Leon

Walras (1874). His work captured the economy in a state of general equilibrium, which

was represented by a set of simultaneous equations. A key aspect of this system is

that supply equals demand in all markets simultaneously as a result of market prices

determining this equilibrium (Hosoe et al., 2010).

Walras’ general equilibrium concepts were further developed in the 1960s and

1970s by Arrow and Debreu (1954), Debreu (1959) and McKenzie (Dueppe & Wein-

traub, 2014). This body of work ultimately resulted in the Computable General Equi-

librium /Applied General Equilibrium modelling, which is still in use today.

The CGE model employed here, AMOS, is also influenced by the work of Leontief

(1986). Leontief developed the foundation for the modern IO modelling approach and

consequently for SAM modelling (see chapter 5 for a detailed discussion on IO and

SAM multiplier models). A key aspect of Leontief’s work is that all inputs vary linearly

in response to demand changes. Note that the development of the AMOS model was

inspired out of the ‘development economics’ literature of the time, which acknowledged

important market imperfections (Harrigan et al., 1991).

The key point of CGE (or Applied General Equilibrium) models is that they are

empirically implementations of general equilibrium theory. CGE models are numerical

models which combine actual economic data of a given region for a given year with

economic theory. The model specifications are chosen by the modeller, and there-

fore they are a reflection of the modeller’s ‘view of the world’ (Greenaway, Leybourne,

Reed, & Whalley, 1993).
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The level of aggregation of a model are determined by the research objective as

well as data constraints. For example, models employed with a focus on the energy

sector in an economy, tend to have a disaggregated energy sector and a higher level of

aggregation for other sectors in the economy (McIntyre, 2012). The model employed

in this chapter, uses a more general 25 industry sector disaggregation, but the focus

is on the distributional impact of a disaggregated Household account.

The dataset employed for a CGE model is usually a SAM (see chapter 2), and

thus the calibration and level of aggregation of the SAM are determining factors for

the level of detail that the model can capture. For example, the disaggregation of the

Household and Government accounts in Chapters 3 and 4 enable the disaggregation

of these sectors in the CGE model employed here.

A key feature of CGE models is that the system can be subjected to supply side

shocks. This is in contrast to IO and SAM modelling, which traditionally simulate de-

mand side shocks, only (Hosoe et al., 2010). Furthermore, CGE models capture the

interdependencies and feedback mechanisms in the economy and allow for price vari-

ations. Note that both IO and SAM models do identify some of these mechanisms in

that they capture demand-side interdependencies through IO linkages. However they

have no detailed specification of the supply side. Greenaway et al. (1993) also high-

light that the main strength of the CGE framework is its foundation in microeconomic

theory.

The equations, which attempt to capture the structure of the economy, are cali-

brated to a base year dataset - the SAM. This includes the behavioural responses of

agents in the economy, for example, Households, Corporations and Government. The

aim of the mathematical structure of the CGE model is to capture the responses of

the economy’s agents following a shock imposed on the system, which is initially in

equilibrium. Also parameters (exogenous) parameter values are given to the model,

e.g. trade elasticities (Scottish Government, 2015a).

In general, CGE models are based on neoclassical theory, where Households are

utility-maximisers and firms profit-maximisers. That is to say, Households’ attempt to
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maximise their utility from the consumption of goods & services under a budget con-

straint. This constraint is traditionally computed as the sum of incomes plus transfers,

minus taxes.

Corporations are modelled seeking to maximise profits by setting their supply lev-

els and choice of technique so as to maximise profits and minimising costs. Firms

utilise labour and capital inputs for the production of value added. Value added is then

combined with intermediate inputs for the production of final outputs. The initial struc-

tural characteristics of the economy are captured by the underlying SAM data (Hosoe

et al., 2010).

Most CGE models include a Government sector. This sector collects taxes from

both Households and Corporations as well as transfers funds, for example welfare

payments, back to these sectors. Governments produce and consume goods, which

can be utilised in the CGE model to initiate a shock to the system. For example, the

Government’s taxation level can be altered as a shock to the economy and the model

solves for the behavioural responses of the agents in the economy to this shock under

their utility-and profit-maximising constraints (Scottish Government, 2015a).

Traditionally, CGE models also identify an external sector, which trades with House-

holds, Corporations and the Government sector. Households and the Government

purchase goods & services from the external sector and Corporations buy interme-

diate inputs from and sell final outputs to the external sector1. The level of trade

between the domestic sector and the external sector is determined, inter alia, by the

price difference between the two markets(Hosoe et al., 2010).

The behaviours of the agents in a CGE model are predominantly determined by

either Cobb-Douglas, Constant Elasticity of Substitution (CES) or Leontief functional

form. Also, the level of product differentiation between the domestic and the external

sector is usually determined by an elasticity of substitution, for example ‘Armington’

(Armington, 1969).

1Note that in the SAM analysis (see chapter 6), the industrial sector, which imports intermediates,
and the corporate account are separate.
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Following a simulated policy shock, the CGE model solves for a new short run

and/or long run equilibrium. The CGE model needs to have specific closures, which

are a set of equations that the model solves simultaneously, for various parts of the

system. Closure rules are invoked in order to determine key macro-economic vari-

ables, such as the level of employment, investment and trade. It has to be noted that

the particular model closures of a CGE model are subject to the assumptions placed

on the model by the researcher (Greenaway et al., 1993).

In order to find a solution, the model needs to have determined which variables

are endogenous and which ones are exogenous, with the number of independent

equations determining the number of endogenous variables that the model can solve

for (Hosoe et al., 2010). A common way of determining the endogenous variables

in a model is through imposing either balanced budgets or balanced trade. But in a

regional context neither of these might be appropriate (Lecca et al., 2014).

Figure 7.2.1 gives a visual overview of the different aspects of the CGE modelling

process. The first part is combining the dataset, the SAM, with the mathematical

framework for the model. The model equations are determined through both the data

characteristics as well as economic theory. For example, depending on the research

objective, the behaviour of agents could be modelled through employing either CES

or Leontief functional forms. Also, model closures can be specified to either clear

markets or allow for a relaxation of some assumptions, such as unemployment can be

present in the new equilibrium (Hosoe et al., 2010).

Furthermore, the values of certain key parameters are introduced to the model

(see Figure 7.2.1). These parameters are usually taken from econometric analyses

and include the elasticity parameters, such as the elasticity of substitution between

domestic and external goods & services (Armington, 1969; Hosoe et al., 2010) Note

that these key parameters are in the model specification, but their values have to be

determined to allow numerical representation.
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Figure 7.2.1: CGE Outline

After the ‘CGE Model’ (see Figure 7.2.1) is constructed, it is then calibrated. In this

process, the mathematical structure of the model and the behavioural parameters are

fitted to the data. The first task for the model is to reproduce base, which confirms

that the calibration was successful. Note that the calibrated model assumes that it is

in an initial equilibrium, i.e. the economy in the base year of the SAM is in equilibrium.

The calibrated model matches the structure of the economy as specified in the SAM

(Scottish Government, 2015a).

Next, the ‘Policy Shock’ is introduced to the system and the model solves for a

‘new equilibrium’ (see Figure 7.2.1). This new equilibrium is determined through the

economic relationships dictated by the system of equations in the CGE model. The
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shock to the initial equilibrium results in price changes, which drive a new allocation of

goods and factors in order to reach the new equilibrium. Note that prices and quantities

are determined simultaneously (Scottish Government, 2015a).

The analysis of the results of CGE modelling focuses primarily on the difference

between the initial and the new equilibrium, i.e. it is typically “comparative static” in

nature. Results are usually reported as percentage changes for variables comparing

the system before the shock and in the new short run or long run equilibrium. Also,

the study of the adjustment paths of key variables provides useful insight into how the

economy adjusts to its new equilibrium (Lecca, McGregor, & Swales, 2013; Lecca et

al., 2014).

As a side note, apart from IO and SAM modelling (see Chapters 5 and 6), there are

other popular modelling tools, which share some of the characteristics of CGE models.

Arguably the most popular one amongst those are ‘Dynamic Stochastic General Equi-

librium’ models (DSGE). A key distinction between DSGE models and CGE models

is that the former focus on capturing (short run) business cycle adjustments(Scottish

Government, 2015a). Also, they do not allow for the type of sectoral disaggregation as

is employed in the CGE model in this chapter.

The section above has outlined the structure and benefits of CGE models. It is a

natural extension from the IO and SAM analysis in previous chapters and offers the

added modelling tool of shocking the supply side of the economy. CGE modelling ac-

knowledges supply-side constraints that can shape and limit the economic responses

to demand-side shocks. Recall that both traditional IO and traditional SAM modelling is

restricted to demand shocks only. There are however, also limitations of CGE models

that researchers have to be aware of.

The strengths and weaknesses of CGE models are discussed in detail in Greenaway

et al. (1993) as well as in Kehoe and Kehoe (1994). Additionally, Hermannsson (2012)

provides a detailed overview of these as well as the discussion in more recent publi-

cations. Here, two key limitations of CGE models are highlighted.
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First, is the (strong) assumption that the economy is in an initial equilibrium in the

base year. A SAM identifies the flows of funds in a given region/country and year. But

it does not take into account any larger macroeconomic fluctuations and therefore the

baseline calibration of the model (see Figure 7.2.1) does not necessarily represent the

economy in a state of equilibrium (Greenaway et al., 1993).

Second, are the difficulties in solving a mathematical system of many non-linear

equations. As outlined above, CGE models typically adopt a Cobb-Douglas, CES or

Leontief functional form. These are all well-behaved, which simplifies the process of

finding solutions to the model. However, choosing one of these forms for a particular

model implies the assumption that the functional form is representative of an agent’s

behaviour (Greenaway et al., 1993).

It is argued, however, that these functional forms have been proven to perform well

in econometric studies. Hence, they are good approximations for the overall system.

In order to account for this limitation, studies employing CGE models typically conduct

a ‘sensitivity analysis’ post-simulation. This analysis is centred around the values of

key parameters as well as functional forms, which are key for the model deriving its

‘new equilibrium’ (Greenaway et al., 1993; Hosoe et al., 2010).

CGE models are based on real economic data and also incorporate both parts

of economic theory and intuition as well as exogenously estimated parameter values.

Their flexibility allows for a wide range of policy analysis both for the short run and

for the long run. Hence, CGE models have found wide usage amongst public policy

researchers and they are or have been employed by the World Bank, OECD, IMF,

HMRC and the Scottish Government (Bank, 2015; HMRC, 2013b; Scottish Govern-

ment, 2015a).

7.2.1 Outline of the Standard Forward-Looking AMOS Model

Section 7.2 provided a general overview of CGE models. The model employed for

the CGE analysis in this thesis is a variant of AMOS, which is an acronym for ‘A

Macro-Micro Model of Scotland (Harrigan et al., 1991). The focus in this section is
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on highlighting some key aspects of the AMOS model with particular focus on those

elements of the standard model, which are expanded on here.

AMOS is a Computable General Equilibrium (CGE) model developed at the Uni-

versity of Strathclyde. There are several variants of the model, including variants with

a highly disaggregated energy sector as well as multi-regional Scotland-RUK model

(McIntyre, 2012; Tamba, 2014; Scottish Government, 2015a). This is due to its inher-

ent flexibility with regards to parameter values, model closures and functional forms

(Harrigan et al., 1991).

This section presents an overview of a single-region dynamic CGE model, with a

full model specification in Lecca et al. (2013). The complete mathematical represen-

tation of the model is provided in Appendix 7. The elements of the model that are

extended in this thesis are detailed in section 7.3.

The model variant of AMOS used here is the forward-looking (FL) model developed

by Lecca et al. (2013). The main differences compared to the myopic, recursive model

variant of AMOS are the specifications of consumption and investment. In the myopic

model, consumption is abstracted from future periods, as it is derived from a simple

budget equation and investment is independent of saving.

In the FL model, consumption is computed through a jump variable, which is de-

rived from an inter-temporally additive utility function. Key point here is that consump-

tion is a consequence of inter-temporal optimisation by households subject to their

lifetime budget constraint(Lecca et al., 2013).

Lecca et al. (2013) argue that regional policy is traditionally an exogenous variable

for regions and thus no Ricardian equivalence of regional fiscal deficits applies. How-

ever, the aim of the model extensions performed in this chapter is to build a model,

which can capture the devolved fiscal powers for Scotland through a (partially) endo-

genised Government sector.

Hence, regional policy is treated as an endogenous variable, with a regional public

sector that has supply side levers. Note that the model does include exogenous levers
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too, such as tax rates. However, the impact will depend on, for example, the extent to

which government expenditure responds endogenously.

In this model, agents are forward-looking and hence consumption and investment

decisions reflect inter-temporal optimization with perfect foresight. In AMOS these dy-

namics are driven through the migration and investment functions. The stocks that

change relate to migration (population) and capital stocks. Dynamic inter-temporal op-

timisation is apparent in consumption and investment. Every period represents a static

equilibrium, where over time, the gradual relaxation of factor constraints generates a

different outcome in each period (Hermannsson, 2012; Lecca et al., 2013)

The standard AMOS model has three domestic transactor groups and two external

transactor groups. The domestic transactors are Households, Corporations and the

Government. Note that the standard version of the model treats Households as a

unified account and the Government also a single account. The external transactors

are the Rest of the UK (RUK) and the Rest of the World (ROW)(Lecca et al., 2013).

The version of the model developed and used here has 25 domestic industries,

seven Household groups, a corporate sector, three Government sectors and two ex-

ternal sectors (RUK and ROW). The 25 industries are aggregated from the initial 104

industries in the 2009 SAM for Scotland from chapter 2 (see table 9.7 for the aggrega-

tion).

The elements of final demand in the model are consumption, investment, govern-

ment and export expenditure. In this model, a part of government demand is con-

sidered endogenous. The assumption is that any change in government expenditure,

resulting from a rise in the government income through a policy shock, does note

change the composition of the expenditure.

The labour market is characterised as a single (Scottish) labour market with perfect

sectoral mobility. The model incorporates three labour market closures, which allow

the model to simulate a labour market, which reflects either nationally-set wages or

locally-set wages. The first is the regional wage bargaining (RB) case, the second
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is the fixed real wage (FRW) case and the third is the national bargaining (NB) case

(Lecca et al., 2013).

Wage setting


ln[ wtcpit

] = ω − ε ln(ut) (Regional Bargaining)

wt
cpit

= wt=0
cpit=0

(FixedRealWage)

wt = wt=0 (National Bargaining)

(7.2.1)

where w is the nominal wage, cpi is the Consumer Price Index, ω is a parameter

calibrated to the steady state and u is the regional unemployment rate. ε is the elastic-

ity of wages related to the level of the unemployment rate and it can also be interpreted

as an index of wage flexibility (Lecca et al., 2013).

Income from labour, i.e. wages, are derived through the regional wage bargaining

process that has just been discussed. The take home wage derived through the bar-

gaining process, determines the level of total employment and the demand for labour.

With labour income being the product of the real wage and employment. Note that

the regional real take-home wage is inversely related to regional unemployment rate

(Blanchflower & Oswald, 1994; Minford, Stoney, Riley, & Webb, 1994; Tamba, 2014).

In the RB case, wages are directly related to workers’ bargaining power and re-

spond to excess demand for labour. The NB closure reflects a case, where wages

are set nationally, i.e. workers do not have any bargaining power for their local wages,

since wage bargaining is performed on a national level. Note that the NB closure as-

sumes that the nominal wage is fixed at the base year level. This case is a typical

Keynesian closure (Lecca et al., 2013; Harrigan et al., 1991).

The FRW closure reflects a case where bargaining ensures that the purchasing

power of wages remains stable over time. It could therefore be interpreted as a “real-

wage-resistance” hypothesis (Lecca et al., 2013). Note that the simulation in chapter

8 selects the RB closure only.
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The model endogenises migration, where the attractiveness of the region to po-

tential workers (currently outside the region) determines the level of migration. Con-

versely, a less attractive region leads to outward migration. The attractiveness of the

region, i.e. inward migration is positively related to the real wage differential, i.e. the

log of regional and national real wages, wN/cpiN , and negatively related to the unem-

ployment rate differential, i.e. the difference between the log of regional and national

unemployment rates, uN (Layard, Nickell, & Jackman, 1991).

nimt = ζ − vu[ln(ut)− ln(uN )] + vw
[
ln

wt
cpit
− ln wN

cpiN

]
LSi,t

(7.2.2)

where nimt is the rate of net migration and ζ is a parameter calibrated in order to

ensure zero net migration in the base period. vu and vw are elasticities that measure

the impact of the gap between the logs of regional and national unemployment and

real wage rates.

In the initial equilibrium, the economy is assumed to be characterised by ‘zero

net migration’. The new long run equilibrium is assumed to have re-established net

migration equal to zero, through net migration flows in the transition period between

equilibria (Lecca et al., 2014).

The way the model solves allows the observation of the adjustment from initial

equilibrium, which is subject to the policy shock, to the new equilibrium. For example,

the migration adjustment outlined above, can be analysed through this progressive

updating of the labour market . Note that all variables in the model are tracked, and

hence their adjustment paths to the new equilibrium can be observed. (Lecca et al.,

2013).

Equally, the capital stock adjusts progressively, through changes in investments.

The capital stock is updated between period, thus in every one period, the investment
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in period t affects the capital stock of period t + 1. The changes in investment are

driven by the inter-temporal optimisation by firms (Lecca et al., 2013).

Since, the economy is assumed to be in an initial equilibrium, desired capital stock

is equal to actual capital stock in period 0, i.e. before the policy shock. As with mi-

gration, the capital stock will adjust to a new optimal position in the new long run

equilibrium. The actual stock is a function of last period’s level of capital in the econ-

omy and is adjusted in the current period for depreciation and gross investment. The

level of stock is also determined by the inter-temporal optimisation of firms (Lecca et

al., 2013).

The model parameters are obtained through the usual calibration process from the

SAM, here the ‘Disaggregated SAM’ (see chapter 4). As shown in 7.2.1, the economy

is assumed to be in a steady state equilibrium at this stage. However, some parameter

values remain unspecified through this method and they have to be obtained from ex-

ogenous sources. This section presents some of the exogenously obtained parameter

values, see Lecca et al. (2013) for a full breakdown of the calibration process.

For all sectors, trade elasticities are set at 2 (Armington, 1969). Production elas-

ticities are set at 0.3 and the wage curve elasticity is set to -0.033. In the migration

function (see Equation 7.2.2), vu is set to -0.08 and vw is set equal to -0.06. These

elasticity values are commonly set for AMOS and are econometrically estimated by

Layard et al. (1991). The depreciation rate is set equal to 0.07 and the inter-temporal

elasticity of substitution is 1.5 (Lecca et al., 2013).

7.3 Model Extensions

The CGE simulation conducted in chapter 8 is a fiscal policy shock, specifically a shock

on income tax. The basic AMOS has been employed for several fiscal policy shocks,

including a rise in the rate of income tax under the devolved powers of the Scotland

Act 1998 (The UK Parliament, 1998; Lecca et al., 2014).

The The UK Parliament (2012) extended the degree of tax devolution to Scotland
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through the introduction of the Scottish Rate of Income Tax (see chapter 8 for a de-

tailed discussion). Understanding the implications of this new fiscal power for Scotland

is imperative for Scottish policy makers.

The SAM constructed in chapter 4 identifies both a disaggregated Household as

well as disaggregated Government account. Extending AMOS’s fiscal policy simula-

tions by these two disaggregated sectors enhances the modelling capacity of the CGE

model. It enables two distinct additions to the policy modelling framework. First, distri-

butional impacts of a fiscal policy shock on different Household types can be observed.

Second, the three Government sectors in Scotland can be identified separately in the

model. This is important in order to capture recent changes in the degree of Scottish

fiscal autonomy (see chapter 6).

The AMOS model outlined in section 7.2.1 has a disaggregated Household sector

built in (Lecca et al., 2013). However, the income identification for households was

previously not tied down. Therefore, studies have not been able to utilise on the disag-

gregated Household account in the model, as the SAMs employed for the calibration of

the model identified a unified Household account only. The disaggregated Household

SAM (see chapter 4) enables the AMOS model to be calibrated and a policy shock to

be run with a disaggregated Household sector.

The number of Household groups can be flexible in the model in Lecca et al. (2013).

Hence, the model can be calibrated for the 7 Household types in the disaggregated

Household account computed in chapter 4. Note that the Household account is simply

split into seven groups in the model, with no transfers or flows between Household

accounts .

The model outlined in Appendix 7 identifies a unified Government account. How-

ever, the model needs to be extended in order to be able to identify the three Govern-

ment sectors captured in the ‘Disaggregated SAM’ from chapter 4. This disaggregation

is performed in section 7.3.1 below. Note that the disaggregated Government sector

in the SAM and the CGE model captures inter-governmental transfers.
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7.3.1 Government

The standard AMOS model treats the Government sector as a unified account. This

section disaggregates the Government account to capture the three Government sec-

tors identified in the SAM computed in Chapters 3 and 4. The Government sector is

disaggregated in the model, through the steps outlined below.

Equations 9.8.37, 9.8.38 and 9.8.39 in Appendix 7 provide the formal description

of the Government sector in the standard AMOS model outlined above. These are

replaced in the Government disaggregated model by the equations derived below.

The Government sector is disaggregated in the model by identifying three sepa-

rate Government accounts, which are subject to a combined budget constraint, here

the ‘Fiscal Deficit’ (see Equation 7.3.1). That is to say, that the model is able to be

calibrated with the three government accounts identified in the ‘Disaggregated SAM’,

namely the UK Government, the Scottish Government and the Local Government.

FDt =
∑
g

GBALg,t (7.3.1)

Note that equation 9.8.37 is the ‘Fiscal Deficit’ with unified Government. This is

replaced in the disaggregated model by Equation 7.3.1.

Equation 7.3.1 says that the ‘Fiscal Deficit’ condition for the aggregate public sector

is the sum of the ‘Government Balances’ of the various Government sectors identified

in the model. The Government Balance for each of the government sectors is identified

as,

GBALg,t =
∑
i

QGg,i,tPQi,t +GSAVg +
∑
ins

TRGins,g,tPCt − (dkg
∑
i

rki,tKi,t+

dhg
∑
i

rhi,tHi,t +
∑
i,t

IMTi,t +
∑
h

dtrh + (ssceg + ireg + creg)
∑
j

Lj,twt + FEgεt)

(7.3.2)
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Equation 7.3.2 is key for the disaggregation of the Government sector in AMOS. It

captures the income and expenditure balance for each of the Government accounts

similar to the Fiscal Deficit in the standard model (see Equation 9.8.30). Note that

the subscript g identifies the individual Government accounts, here, either the UK

Government, Scottish Government or Local Government. Equation 7.3.2 is detailed

term-by-term below.

The first item of the Government Balance is the government expenditure, QGg,i,t.

However, in this variant of the model, government expenditure is split between the

three governments identified in the model. That is to say that the model treats the UK

Government, the Scottish Government and the Local Government as three sectors.

PQi,t is simply the commodity price (see Equation 9.8.4).

Next, the Government Balance includes the ‘Government Savings’ term, GSAVg.

Government saving is held fixed for all governments, as in the standard model outlined

above. The baseline for this parameter is the as the ‘Payments to Capital’ transfer

from the respective government, obtained from the ‘Disaggregted SAM’ (see chapter

4, section 4.6).

The term
∑

g,ins TRGg,ins,t captures all Government transfer payments. Recall

that in the standard AMOS model, the Government sector made transfer payments

to Households and the Corporations only. The disaggregated model extends this to

capture both inter-governmental transfers such as the ‘block grant’ from the UK to the

Scottish Government. Also, international transfer payments are captured here, which

include the ‘non-identifiable’ spending discussed in chapter 3 in detail.

In the simulation performed in chapter 8, the transfer payments are held constant.

That is to say that, a change in government revenue does not affect the amount of

transfer payments from the government to other sectors of the economy. Augmenting

this setting to allow for transfer payments to change with varying levels of government

revenue is something to be explored at a later stage. Because, if the Scottish Gov-
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ernment was to raise taxes and in turn collect higher revenues, the Local Government

ought to benefit from the increase in Scottish public revenues.

Next, (dkg
∑

i rki,tKi,t, dhg
∑

i rhi,tHi,t and
∑

i IMTi,t are all terms, which do not

change in the disaggregation. These are transfer payments from the other two agents

in the model, Households and Corporations, as well as import tax payments.

The treatment of taxes changes in the disaggregated model, where local taxa-

tion by Government account is now identified. This is captured by (ssceg + ireg +

creg)
∑

j Lj,twt. The ssceg, ireg and creg are social security, direct Household tax

and Household consumption tax receipts, respectively. Hence, the model now also

captures Household consumption tax receipts separately. (These are all a function of

labour demand multiplied by the wage rate.)

This extension to the Government account is crucial to allow AMOS to identify de-

volved taxation more clearly and model changes to taxes more accurately. The change

to the treatment of taxes enables the model now to capture the different stages of fis-

cal devolution as discussed in chapter 6 more directly. The last term is ‘Government

remittance’, FEgεt, which also identifies the different Government sectors.

In effect, the model identifies one ‘Government Balance’ function for each of the

Government sectors (UK Government, Scottish Government and Local Government).

Hence, the sum of all Government Balances is the Fiscal Deficit condition identified

above in Equation 7.3.1.

Equation 7.3.3 is the disaggregated ‘Government expenditure’ function, which re-

places Equation 9.8.31 in the standard model (see Appendix 7). The changes here

only include the government identifier for the terms QG and QGR.

QGg,i,t = γgi (δgri QGR
ρAi
g,i,t + δgmi QGM

ρAi
i,t )

1

ρA
i (7.3.3)
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The disaggregated model solves with the usual closures, including the ‘balanced

budget’ closure. This condition implies, for example that any additional revenue col-

lected by the government through higher tax income is spent on Government expen-

diture with the same composition as in the baseline.

Also note that the elasticities remain unchanged in the disaggregated model. That

is, because the Government sectors are treated as three separate sectors here, with

fixed transfer payments. Future iterations of the model are planned to adjust the treat-

ment of the government sectors, for example, with the grant payments between the

Scottish and Local Government adjusting due to changes in Scottish Government tax

revenue.

7.4 Conclusion

This chapter provided an outline to CGE models, which are a natural extension to the

IO and SAM models from chapter 5 and 6. IO and SAM models are effectively CGE

models, but with the supply side rendered entirely passive (P. G. McGregor, Swales,

& Yin, 1996). Next, the standard forward-looking version of the CGE model AMOS

was outlined. This model was then extended to include a disaggregated Government

sector.
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Chapter 8

Scottish Fiscal Policy: Towards a
Scandinavian Model?

8.1 Introduction

The Scottish Government will be bestowed with greater fiscal autonomy in the com-

ing years. The biggest share in the devolution process of fiscal powers is due to the

changes to the income tax regime both under the Scotland Act 2012 as well as the

proposed changes by the Smith Commission, which are now formalised in the Scot-

land Bill 2015-16 (The UK Parliament, 2012; The Smith Commission, 2014; The UK

Parliament, 2015).

In the lead-up to the vote on Scottish Independence in September 2014, the Scan-

dinavian (or Nordic) economies were frequently used as a comparative model, which

Scotland could emulate following independence (Scottish Government, 2014). The

current fiscal framework for Scotland does enable the Scottish Government to pursue

a fiscal policy, which can, at least partially, emulate the fiscal stance of the Nordic

economies. This chapter explores the an income tax hike to the average rate on

income tax paid in Scotland, which mirrors the level of income tax paid in the Scandi-

navian economies.

Section 8.2 explores some characteristics of the Nordic economies and discusses

how they compare to the relevant Scottish economic institutions. Section 8.3 outlines

the simulation strategy. The extended AMOS model from chapter 7 is shocked with

a balanced budget increase in the average rate of income tax that emulates Scandi-
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navian levels of taxation. Section 8.4 discusses the theory relating to an income tax

shock. Section 8.5 analyses the simulation results. Section 8.6 discusses the wider

policy implications of the results and section 8.7 concludes.

8.2 Fiscal Option - The Scandinavian Model

Recall from chapter 6, section 6.2 that the Scotland Act 2012 enables the Scottish

Government to set income tax rates that differ significantly from the rates in the RUK.

These powers are likely to be extended through the proposals of the Smith Commis-

sion and the Scotland Bill 2015-16 (The UK Parliament, 2012, 2015). One option for

Scotland, outlined below, would be to move towards a Scandinavian Model of high

public spending and high taxation.

Section 8.2.1 explores some key aspects of Scandinavian economies, with par-

ticular focus on the impact of changing tax rates on migration and wage bargaining

behaviour. This is then contrasted in section 8.2.2 with the current Scottish economic

framework. These findings inform the simulation strategy of the CGE modelling in

Sections 8.4 and 8.5.

8.2.1 Observations from the Scandinavian Economies

The proposal for Scotland to move towards a Scandinavian model is advocated in

one branch of the literature, prominently in the book “Small Nations in a Big World:

What Scotland Can Learn” by Keating and Harvey (2014). Here, the economic set-up

of the Scandinavian nations is described as a “human investment model that relies

on human capital to provide social protection to citizens” (Keating & Harvey, 2014).

In this model, the role of the state is much more predominant than in other western

economies, including in the UK.

Table 9.9.1 gives an overview for aggregate taxation and benefit levels for the UK

and the Scandinavian economies (Denmark, Finland, Norway and Sweden here) 1.

1The “Scandinavian” average here is simply the mean across the four countries’ rates.
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This table shows that total tax revenue as a percentage of GDP was 11% higher in the

Scandinavian economies at 43.3% compared to the UK at 32.3% in 20092.

Also, social security contributions as a percentage of GDP were significantly larger

at 10.9% in Scandinavia in contrast to 6.4% in the UK for the same year. Further-

more, direct and indirect taxes are generally observed to be higher in the Scandina-

vian economies. In 2009, the average income tax rate paid across Scandinavia was

40.6% compared to 32.4% in the UK. Similar, the VAT rate in the former was higher at

24.8% and that in the latter was 20% for 2009. These figures suggest that, as Keating

and Harvey (2014) argue, the Scandinavian state plays a larger role in the general

economic composition than in the UK.

Apart from the higher tax and higher spend model of the Scandinavian economies,

there are also institutional differences from the UK, which are crucial to the way the

Nordic states operate. Two of these are outlined here. First, the “tripartite bargaining”

in the Nordic economies is characterised by national wage negotiations which include

workers’ unions, employers’ associations and the government. Further, this system is

subject to an annual bargaining cycle, which is believed to reduce tensions in these

negotiations that are commonly observed in other European economies, for example

in Germany (Keating & Harvey, 2014; Financial Times, 2015).

The second institutional difference is the principle of “universalism”. This concept

implies that even the middle-class is included in the benefit system. Through the

inclusion of most of society in the social system, social solidarity is ensured, which

allows the system to thrive (Keating & Harvey, 2014).

The principle of “universalism” was also upheld in economic crises, e.g. in the

1980s and 1990s as well as the recent financial crisis around 2008. During those

times, the Scandinavian economies continued to pursue their ‘social investment state’,

instead of the austerity measures observed in other western economies. However, it

has to be noted that prolonged downturns put strain on the system, which relies on

2The year 2009 is the base-year that the model used in the simulations in this chapter is calibrated
for, which is why the figures from that year are used where possible.
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near full-employment levels to allow for its inclusive social solidarity system (Keating &

Harvey, 2014).

8.2.2 Scotland Moving Towards a Scandinavian Model

Scotland would have to undergo drastic changes to its economic structures in order

to mirror the fiscal framework of the Scandinavian economies outlined above.This in-

cludes promoting a more dominant role of the government in wage bargaining as well

as institutional changes. The Scotland Act 2012 enables Scotland to emulate the

Scandinavian model more closely with the Smith Commission’s proposals allowing

even closer emulation of that model.

One option to fund an increase in public consumption would be to raise additional

tax revenue through a higher rate of income tax. The average rate of income tax

across the Scandinavian economies in 2009 was approximately 8 percentage points

higher than in the UK (see Table 9.9.1).

In this chapter, an income tax hike in a balanced budget scenario is simulated,

where the additional tax revenue funds a linear increase in public consumption (see

section 8.4). This is referred to as capturing the “Scandinavian Model”. Note that

the current version of the Scotland Bill 2015-163 extends the borrowing facilities to

approximately £4.75bn from £2.7bn in the Scotland Act 2012 (The UK Parliament,

2012, 2015).

However, changing the fiscal framework to a high-tax high-spend model as simu-

lated in this chapter begs the question whether Scotland would need more substantial

changes to its borrowing facilities in order to cushion any potential shortfalls in tax rev-

enue. This is because Scotland is likely to be subject to a greater sensitivity of public

finances to external shocks under a high-tax-high spend model.

A balanced budget expansion of the magnitude modelled in this chapter would

probably require institutional change in Scotland. Specifically, this section is inter-

ested in the two principles outlined in section 8.2.1. First, the bargaining mechanism
33rd Reading in the House of Lords
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for Scotland would need to change, since the role of the state is that much more pro-

nounced and the higher level of public amenity provision would need to be reflected in

lower real take home wage setting.

Thus, the move towards “tripartite bargaining”, where the government has a bigger

role in wage setting than it currently has in Scotland is a potential outcome. The

Scandinavian system of “tripartite bargaining” is subject to workers represented by

unions and firms by employer associations, which would also require a significant

change compared to the current model. For example, unionisation in the UK was at

26% compared to 64% in Scandinavia in 2012 (see Table 9.9.1).

The other feature of the Scandinavian model highlighted in section 8.2.1 is the

principle of “universalism”. Adopting this principle in Scotland would require that the

higher levels of public consumption, as modelled in this chapter, would also result

in higher welfare spending, which would be a more inclusive welfare system than is

currently operated in Scotland. One example would be raising childcare provision,

which is arguably quite extensive in the Scandinavian economies (Keating & Harvey,

2014).

The changes outlined here are likely to result in differences in “behavioural” re-

sponses to the change in the fiscal framework. This chapter adopts the stance that

the composition of public consumption and in particular of any proposed increases,

following a balanced budget expansion as simulated in this chapter, in government

expenditure matters and are influenced by voters’ preferences. This chapter tries to

capture various settings of the above institutional differences through the simulation of

a range of settings of the model, as outlined in section 8.5.

8.3 Theoretical Income Tax Shock

This section outlines the theoretical AMOS model and the theoretical mechanisms of

the model following a rise in income tax. The focus of this section is on the effect

on employment and wages following the fiscal policy shock under certain parameter
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values. Note that Lecca et al. (2014) provide a detailed analysis of a theoretical income

tax shock for a larger array of parameter values.

8.3.1 Theoretical Model Outline

The model is a regional, long run, open economy model similar to the model derived

by Layard et al. (1991). Output is produced under perfectly competitive conditions

with prices of imports and the cost of capital set exogenously. Regional output is

assumed to be an imperfect substitute for the output of other regions. This is due to

the price variation between regional and extra-regional output adopted by the model

through employing conventional trade functions in the model (Armington, 1969; Lecca,

McGregor, Swales, & Yin, 2010).

The variation of prices between regional products and products from other regions

is an important assumption for this model, as it allows for a ‘competitiveness’ effect.

That is to say, that a change in the relative price level of a region’s output can either

result in a stimulus or a contraction in the demand for its output. Furthermore, this

allows for a variation in the nominal and in the real wage in the long run (Lecca et al.,

2010).

Production occurs under a linear homogeneous production function. The model

has two factors: labour and capital. There are seven Household types in the model,

with Households treated as homogeneous, hence the model does not distinguish be-

tween workers and potential migrants, inter alia.

The long-run equilibrium of this economy is characterised by both zero net migra-

tion as well as zero net investment. The regional migration function is characterised

by net migration being determined through the inter-regional relative real wage and

the employment rates. The capital stock adjustment is characterised with actual and

desired capital stock being equal in equilibrium (Lecca et al., 2010).

This chapter models a balanced budget fiscal expansion, where the additional rev-

enue collected through a rise in the average rate of income tax is ‘recycled’ and funds

an increase in government consumption.This expansion has two opposing effects.
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First, the rise in government consumption has a positive demand-side impact on re-

gional output.

Second, the income tax hike has adverse supply-side effects, for example through

the change in the inter-regional relative price. However, the additional public con-

sumption is assumed to have no direct supply side effects, i.e. there is no change to

the productivity level of capital and labour. This assumption simplifies the theoretical

analysis of the tax hike (Lecca et al., 2014).

In particular the focus here is on the adjustment of the imperfectly competitive

labour market. The increase in public consumption is assumed to be reflected by

some level of amenity valuation. The level of this valuation and the degree to which it

is reflected in regional wage bargaining determines the change to the nominal wage

after tax and thus part of the price adjustment following the fiscal expansion. These

key parameters are detailed below.

Equation 8.3.1 is the zero net migration condition,

w = (1− τ)βz(e) β ≥ 0; 1 > τ ≥ 0; ze < 1;wβ, wτ ≤ 0 (8.3.1)

where the post-tax real consumption wage, w, is a function of the proportionate

rate of income tax, τ , the employment rate, e and the parameter capturing the amenity

valuation that Households place on public versus private consumption, β. Thus when

equation 8.3.1 balances, net migration is zero.

Equation 8.3.1 identifies a negative relationship between the post-tax real con-

sumption wage, w,and the employment rate, e. That is to say, that a high local wage,

for example caused through a hike in income tax, is compensated for by a low local

employment rate.

Equation 8.3.1 also includes the term (1− τ)β, which captures the effect that the

rise in public amenities has on the migration decision of potential migrants.
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The public amenity valuation parameter, β, captures the degree to which workers

and potential migrants prefer private versus public consumption. The parameter takes

a value between 0 and 2 (Lecca et al., 2010). With a low value for β, that is β < 1,

private consumption is preferred to public consumption. At a parameter value of one,

workers and potential migrants are indifferent between private and public consumption

and with β > 1, they prefer public consumption over private consumption.

Hence, the value of β is key for determining the flow of migration. For a given

level of employment, a small β requires the post-tax real consumption wage, w, to be

relatively large to prevent net out-migration. When β is equal to one, then w drives

the migration decision of workers and potential migrants. When β is greater than one,

then, for a given level of employment, the post-tax real consumption wage can be fairly

small to hold zero net migration.

Equation 8.3.2 defines the pre-tax nominal wage, W ,

W =
w cpi

1− τ
(8.3.2)

where the regional consumer price index, cpi, is defined as,

cpi = cpi(W ) 0 < cpiW ≤ 1 (8.3.3)

Thus, cpi here is defined as a function of the pre-tax nominal wage, W , only.

Next, labour demand is defined as a function of the pre-tax nominal wage, W and

the proportionate rate of income tax, τ ,

n = n(W, τ) nτ > 0;nW < 0 (8.3.4)
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Note that equation 8.3.4 represents a general equilibrium relationship, which is

based on full income endogeneity (Lecca et al., 2010).

Equation 8.3.4 captures the relationship between the labour demand and the nom-

inal pre-tax wage. It is a negative relationship, since a higher nominal pre-tax wage

rate causes a factor substitution effect from labour to capital. Also, a higher nominal

pre-tax wage rate has adverse competitiveness effects.

Further, equation 8.3.4 captures the relationship between the labour demand and

the tax rate. This relationship is positive, because of the conventional Keynesian bal-

anced budget multiplier as well as the differential import propensities of public and

private consumption expenditure and the greater labour intensity of the public sector

(Lecca et al., 2010).

The real consumption wage is, through the bargaining function, determined as

w = (1− τ)αβb(e) be > 0, wα, wβ, wτ ≤ 0, 0 ≤ α ≤ 1 (8.3.5)

where the real consumption wage, w, is positively related to the regional employ-

ment rate (Lecca et al., 2010).

Expressing the real consumption wage, w, as in equation 8.3.5, allows the amenity

created through a rise in public consumption to influence the regional wage bargaining

behaviour, which is reflected by α.

The wage bargaining behaviour parameter, α, takes a value between zero and one

(Lecca et al., 2010). At zero, wage bargaining does not reflect any valuation of the

increase in public amenity provision. That is to say that the case of α equal to zero

can be interpreted as a case where the wage is set nationally, not locally.

The higher the value of the wage bargaining behaviour parameter, α, the greater

the degree to which the public amenity valuation is reflected in the regional bargaining

process. At a value of one, the amenity valuation is fully reflected.
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8.3.2 Equilibria for the Regional Bargained Real Wage and Flow Migra-

tion

Expressing equations 8.3.1 - 8.3.5 in total differentials allows the value of the exoge-

nous tax rate, dτ , to determine the endogenous variables dn, de, dcpi,dw and dW (see

section 8.3.1). Lecca et al. (2010) provide the relevant total differential equations.

The focus here is on tying down the effect that the public amenity valuation param-

eter, β, and the wage bargaining parameter, α, have on the (changes in the) nominal

pre-tax wage, dW and the employment rate, de. That is to say that the change in the

nominal pre-tax wage, dW , alongside the change in the employment rate, de, allow

the study of the impact of the tax cut on the regional economy. That is because these

relationships determine the competitiveness effect caused by the (potential) change in

the relative regional price.

Equations 8.3.1 and 8.3.5 identify the migration and bargaining behaviour in the

model. These can be adapted to reflect the effect that a change in the real consump-

tion wage, w, has on the change in the nominal pre-tax wage, W (Lecca et al., 2010).

In order to tie down the relevant equations, the zero net migration function (Equa-

tion 8.3.1) is combined with the pre-tax nominal wage (Equation 8.3.2) and the regional

consumer price index (Equation 8.3.3) definitions. This yields the following expression,

dW =
ze

1− cpiW
de+

1− β
1− cpiW

dτ (8.3.6)

The first part of the RHS is the conventional term, and the second part reflects the

addition of the amenity-value parameter, β, as well as the exogenous tax shock, dτ .

The term 1 − cpiW in the denominator gives the change in the nominal pre-tax wage,

dW . Setting dτ = 0, i.e. the state of the economy without the tax shock, yields the

initial zero net migration (ZNM) function.
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The initial ZNM is shown in Figure 8.3.1 as the Z0 function, which passes through

the origin. The slope of this function is ze
1−cpiW < 0.

Figure 8.3.1: Theoretical Income Tax Adjustment

Next, the bargaining real wage (BRW) function is constructed, which is obtained

by combining the pre-tax nominal wage (equation 8.3.2) with the regional consumer

price index (equation 8.3.3) and the regional bargaining function (equation 8.3.5). Ex-

pressed in differentials, this yields,

dW =
be

1− cpiW
de+

1− αβ
1− cpiW

dτ (8.3.7)

Setting dτ equal to zero yields the initial BRW function. This is the B0 curve in

Figure 8.3.1 with a slope of be
1−cpiW > 0.
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Equations 8.3.8 and 8.3.9, allow the analysis of the impacts of a tax change, dτ ,

on both the employment rate, de, as well as the changes to the nominal pre-tax wage,

dW , producing

de = −β(1− α)

be − ze
dτ ≤ 0 (8.3.8)

dW =
be(1− β)− ze(1− αβ)

(1− cpiW )(be − ze)
dτ (8.3.9)

The following Sections analyse the tax hike under three parameter settings for α

and β. Therefore, it is useful to describe the general movement of the ZNM and the

BRW in the dW -de space.

A rise in the local rate of income tax, dτ , shifts the ZNM function vertical. That is

the ZNM function shifts from Z0 to Z1 in Figure 8.3.1. The move is equal to 1−β
1−cpiW dτ .

The tax rise also shifts the BRW function vertically, which moves by 1−αβ
1−cpiW dτ . This

shift is shown in Figure 8.3.1 as B0 shifting to B1. Note that the parameter restrictions

imply that 1 − αβ ≥ 1 − β, hence the BRW function shifts by at least as much as the

ZNM function (Lecca et al., 2010).

8.3.3 Fiscal Expansion: Conventional - Macro

The “Conventional - Macro” model has the parameter settings of α = β = 0. Thus

the additional public amenity provision is not valued by worker and potential migrants

(β = 0) and wage bargaining does not account for any public amenity valuation (α = 0).

With α = 0, the tax hike causes the bargaining function to shift upwards. From

Equation 8.3.9, the bargaining curve shifts by dτ
1−cpiW for any value of β. Since β = 0,

the new equilibrium is at “A”, since the ZNM curve shifts up to Z1.
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The change in the nominal pre-tax wage is positive here, since substituting β = 1

into 8.3.9 yields,

dW =
zedτ

(1− cpiW )(be − ze)
> 0 (8.3.10)

For the scenarios with α = 0, the results of the income tax shock are driven by dτ ,

although the price changes operate through the impact on W . Essentially, no matter

what the valuation of the additional provision of public amenities, it is not incorporated

in the wage bargaining, but the tax hike is. This is why the bargaining curve shifts

upward by dτ
1−cpiW .

8.3.4 Fiscal Expansion: Conventional - Micro

The “Conventional - Micro” model has the parameter settings of α = 0 and β = 1.

Here, both workers and potential migrants value the increase in public amenity provi-

sion. With β = 1, the degree of that valuation is that foregone private consumption is

valued equally to the increase in public consumption.

For the case with α = 0 and β = 1 the the BRW shifts upwards again, but ZNM

curve remains static, and thus the new equilibrium here is at “B”. Note that this re-

sults indicates that there are changes in the pre-tax nominal wage, dW , and in the

employment rate, de. However, only the sign of the changes are known, positive and

negative, respectively, but the exact location of the new equilibrium can only be deter-

mined through simulation (see section 8.5).

8.3.5 Fiscal Expansion: Social Wage

The “Social Wage” model has the parameter settings of α = β = 1. Here, neither

the ZNM nor the BRW curve adjusts, and the new equilibrium is also at the origin

“O”. This is because there is no price distortions caused by workers bargaining for a
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higher nominal wage, since they value the increase in public consumption equal to the

foregone private consumption. There is also no change in the employment rate.

The theoretical analysis above shows that the parameter values of α and β are

significant for the overall results of the balanced budget fiscal expansion. In particular,

with the wage bargaining behaviour parameter α close to zero, there is no value of β

that yields an economic stimulus following the tax hike for the economy.

8.4 Simulation Set-Up

This chapter employs a Computable General Equilibrium (CGE) model for Scotland in

order to simulate the policy shock. Section 8.2.1 outlines key aspects of the extended

AMOS model from chapter 7. Next, section 8.2.2 sets out the modelling strategy for

the CGE simulation.

8.4.1 AMOS

This chapter employs AMOS, which is a long-run open economy model following the

framework developed by Layard et al. (1991), to simulate a balanced budget fiscal

expansion. The version employed here is the forward-looking model calibrated on

the Household and Government disaggregated SAM from chapter 4 (‘Disaggregated

SAM’).

Therefore, the CGE model’s simulation output is reflective of the underlying base

structure of the SAM as well as, of course, the specification of the model itself. That

is, the the base year linkages between the various sectors in the model, including inter

alia Households, Government and the External sector, are provided by the SAM.

The model reports the percentage changes from the baseline, i.e. no policy shock,

and the simulated model solution following some exogenous shock, here the rise in

average income tax rates. The simulations are run for 50-periods with AMOS reporting

percentage changes of each period compared to the initial steady state. This enables

the study of the policy shock for the short-, medium- as well as the long run, in isolation
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from other possible influences on the economy. The short-run is defined as a period

during which both the level and sectoral distribution of physical capital is fixed.

The labour force is fixed, but employment can vary as can the unemployment rate

and workers can move between sectors. This corresponds to period 1 of the simu-

lations. The model solves with forward-looking agents, i.e. utility maximising House-

holds and profit maximising firms. The model reports the adjustment paths for all

variables from the first period, until the new steady state equilibrium in period 50 is

found. The increase in the average rate of income tax, is introduced in period 1 and

the model attains long-run equilibrium by period 50.

The long-run equilibrium of this economy is characterised by both zero net migra-

tion as well as zero net investment. Any adjustments in the labour force over time are

due to migration as since the assumption is that there is no natural population change.

The migration function incorporates public amenity valuation (see section 8.4), i.e.

the value workers and potential migrants place on the increase in public consumption

following the balanced budget fiscal expansion. Also, migration is a function of the rel-

ative real wage and employment rates across regions (this is the difference between

the Scottish rates and the rates in the RUK and the ROW).

Government Expenditure is equal to the spending level in the initial steady state

plus the additional revenue generated through the increase in the average rate of

income tax here. Therefore, a positive stimulus to the economy following the tax hike

results in a positive multiplier effect for public consumption and vice versa. Output is

produced under perfectly competitive conditions with linear homogeneous production

functions with two factors, capital and labour.

The prices of goods in RUK and ROW are taken to be exogenous and domestically

produced goods are imperfect substitutes for the same goods produced out-with the

local economy. Thus, local price variations, caused by changes in wages and/ or

capital rental rates, affect Scotland’s trade with the RUK and ROW economies.

AMOS allows the simulation of the impact of the balanced-budget fiscal expansion

under various economic scenarios. This chapter simulates a rise in the average rate
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of income tax in Scotland by 8 percentage points, which is then used to fund a rise in

government consumption. The economy is taken to be in a steady state equilibrium in

period 0. The rise in the income tax rate is then applied in period 1 and the model is

run for 50 periods.

The results presented in section 8.5 are the percentage changes between the initial

steady state and the economy subject to the policy shock. This chapter simulates

several variants of the model as discussed below.

8.4.2 Simulation Strategy

This chapter focuses on varying the value workers and potential migrants place on

the additional public amenity provision as well as how the rise in the ‘social wage’ is

reflected in the wage bargaining process. There is no compelling evidence to suggest

which assumptions apply most closely for the Scottish case, however (Lecca et al.,

2010). Additionally, if Scotland were to move closer to a Scandinavian Model, institu-

tional changes as outlined above (see section 8.2.1) would almost certainly alter the

salience of the various scenarios.

The nature of wage determination proves to be the most important, as discussed in

section 8.2.2. Thus it is useful to compare the three cases, as implementing any policy

changes following the Smith Commission’s proposals needs careful consideration of

how the economy is likely to absorb the shock. Note that the income tax increase is

the same for all settings at 8 percentage points.

The income tax hike simulated here is used to fund higher levels of public expen-

diture under three model configurations 4. First, in the “Conventional - Macro” model

(α = β = 0) neither local residents nor potential migrants place no value on the in-

crease in public consumption following the balanced budget expansion. Here, workers

attempt to bargain to restore their net take-home wage following the change in the

average rate of income tax.

4More flexible approaches are simulated and discussed in Lecca et al. (2014).
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Secondly, the “Conventional - Micro” setting of the model (α = 0, β = 1) simulates

workers and potential migrants valuing the increase in their ‘social wage’ equally to the

foregone private wage as a result of the income tax increase. However, this valuation

is not reflected in regional wage bargaining. Thus, this model can be interpreted as a

case where only migrants value the rise in government expenditure as equal in value

to their foregone private consumption, since workers seek to restore their take home

pay, i.e. they do not reflect their valuation of the increased public spending in their

bargaining behaviour.

For example, potential migrants might value an increase in healthcare provision in

Scotland funded by a rise in the income tax, which would induce a potential migrant to

move to Scotland. However, workers do not seek to reflect this change in public con-

sumption in their wage bargaining; indeed they cannot do so if wages are determined

in competitive markets.

The third setting of the model in this chapter is the “Social Wage” case (α = β = 1).

Here, the increase in public consumption is valued, as in the Conventional - Micro set-

ting, but now the amenity valuation of the change in public expenditure is fully reflected

in regional wage bargaining. Workers value the increase in government consump-

tion equally to the foregone private consumption and thus do not bargain to restore

their take-home wage following the policy shock, since they feel no worse off after the

change.

The policy shock simulated under the three cases outlined above has a direct

Demand-side impact. The increase in tax revenue is directly used to linearly increase

government consumption, while maintaining the composition of that expenditure. The

simulations do not allow for a direct supply-side effect e.g. there is assumed to be no

direct change in the efficiency of production as a consequence of increased spending.

The wage bargaining assumptions under the three scenarios has impacts on the

competitiveness of the region (Scotland) due to the wage and price variations caused

when workers seek to restore their net take home pay (Conventional - Macro and

Conventional - Micro cases). A rise in the local price index reduces the region’s com-
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petitiveness, e.g. making goods produced in the region less desirable for the External

sector to buy in forms of imports. Thus total export volume falls. In contrast, a stable

price index (Social Wage case) does not alter the region’s competitiveness.

The income tax hike negatively affects Household consumption under all settings

of the model, since net take home pay falls at least initially and remains suppressed

in the Social Wage case. Additionally the rise in the cost of labour, i.e. real wages in

the Conventional - Macro and Conventional - Micro cases results in a displacement

effect, where production shifts towards a more capital intensive production and away

from labour input.

Note that this chapter only explores changes to the average rate of income tax

here. A change of this magnitude is possible under the changes to income tax in

Scotland about to come in effect in April 2016 (The UK Parliament, 2012).

The Smith Commission and the Scotland Bill 2015-16 proposes a higher degree

of devolution for income tax as well as other taxes. Through the potential devolution

of the first 10p of VAT revenue as well as other taxes, the Scottish Government’s total

revenue is more exposed to the general performance of the Scottish economy than

is simulated in the scenarios in this chapter (The Smith Commission, 2014; The UK

Parliament, 2015). Thus any economic effects following a fiscal intervention are likely

to be of a bigger magnitude than simulated in this chapter.

Further, this chapter assumes an equiproportional increase in government con-

sumption here, so that the scale of government spending is greater, but its composition

is unaffected. Policy-makers are arguably more likely to propose focusing on a subset

of public expenditures to be stimulated by higher taxes. For example, a higher rate of

income tax might be justified through more public childcare provisions. Thus demand-

and supply-side effects would differ under these specific packages compared to what

is simulated here.
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8.5 Simulation Results

This section reports the simulation results. First the long-run percentage changes in

key variables associated with each of the three cases is considered comparatively.

Second, the adjustment paths for some key labour market indicators for all cases are

analysed and compared. Next, the short run versus long run impacts for all 25 sectors

are discussed for Employment and GRP. Lastly, a sensitivity analysis for some key

parameters is performed and discussed.

8.5.1 Aggregate Long-Run Results

Table 8.5.1 shows the long-run percentage changes from the initial steady state gen-

erated by the balanced-budget fiscal expansion. The increase in the average rate of

income tax of 8 percentage points results in a change of the income tax rate in period

50 of 23.78% for all three cases. This is reported in the first line in Table 8.5.1. The

overall economic impact on the broad macroeconomic indicators shown in Table 8.5.1

varies significantly among the three cases.

The fiscal stimulus to government consumption is reported for the aggregated Gov-

ernment sector. Recall that the UK Government is assigned all of income tax in this

calibration of the model, which reflects the fiscal position in Scotland of the SAM base

year, 2009. However, the balanced budget hike is in the Scottish tax rate. Furthermore,

the model output is reported for the aggregated and the disaggregated Household

sector. Recall that the wage bargaining closure for the model here is the “Regional

Bargaining” case.
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Table 8.5.1: Long Run Percentage Change from Initial Steady State

Conventional - Macro Conventional - Micro Social Wage

Income Tax 23.78 23.78 23.78

GRP Income Measure -7.83 -7.23 0.47

Consumer Price Index 2.90 2.68 0.00

Unemployment Rate 0.00 4.40 0.00

Total Employment -8.26 -7.60 1.08

Nominal Gross Wage 9.39 8.70 0.00

Nominal Wage after Tax 2.90 2.24 -5.91

Real Gross Wage 6.31 5.86 0.00

Real Wage after Tax 0.00 -0.43 -5.91

User Cost of Capital 2.80 2.59 0.00

Labour Force -8.26 -7.15 1.08

Households Consumption -5.24 -5.05 -2.89

HH 1 Consumption -6.12 -5.87 -2.85

HH 2 Consumption -6.93 -6.71 -4.11

HH 3 Consumption -0.60 -0.58 -0.29

HH 4 Consumption -4.15 -4.02 -2.52

HH 5 Consumption -3.30 -3.23 -2.40

HH 6 Consumption -6.31 -6.09 -3.48

HH 7 Consumption -7.54 -7.33 -4.89

Capital income -4.47 -4.18 -0.52

Labour income 0.35 0.43 1.10

Total Government Consumption 1.22 1.65 7.07

Investment -7.07 -6.60 -0.52

Export RUK -4.69 -4.35 0.00

Export ROW -5.03 -4.67 0.00

Conventional - Macro

The first column reports the long run percentage changes for some broad macroeco-

nomic variables under the Conventional - Macro scenario. Recall that the values for

the public amenity valuation and the wage bargaining parameter are 0, i.e. β = α = 0.
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Hence, workers and potential migrants do not value the rise in public amenities through

the increase in government consumption, plus wage bargaining does not reflect any

amenity valuation.

Recall from section 8.3.3, that a rise in income tax under these parameter values

causes both the ZNM and RBW curve to shift up. That is to say that, in Figure 8.3.1, Z0

moves to Z1, and B0 moves to B1 with the new long run equilibrium at ‘A’. Accordingly,

workers seek to restore the initial value of their real take home pay, i.e. the new

equilibrium moves up on the dW axis. However, there are no long run changes in the

employment rate.

Table 8.5.1 reports that in the balanced budget fiscal expansion, an Income Tax rise

of 23.78% results in a hike in the nominal wage and no change in the unemployment

rate.

The hike in the average rate of income tax by 23.78%, i.e. an increase of 8 per-

centage points on the baseline average income tax rate, results in real wages falling

initially . This fall in real wages decreases the labour force and unemployment rises.

The economy experiences net out-migration as the population contracts.

Workers bargain to restore their net take home pay and the adjustment of real

wages and unemployment continues until both are restored to their original levels.

This is shown in Table 8.5.1 by the Unemployment Rate and the Real Wage after Tax

at 0% change in the long run. Note that this adjustment results in a smaller Labour

Force and thus decreased Total Employment, both are reported to fall by -8.26% in the

long run in Table 8.5.1.

The wage bargaining process seeks to restore workers net take home pay as men-

tioned above. That is, workers seek to raise their nominal pay back to the level prior to

the fiscal intervention. Additionally, the wage bargaining behaviour of workers seeking

to restore their net take home pay also results in a rise of prices. The CPI increases

by 2.9%, which is also reflected in the rise of the Nominal Wage after Tax by 2.9%.

The combination of the rise in the income tax rate and price changes results in
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the Nominal Gross Wage increasing by 9.39%. However, the Real Wage after Tax is

restored at that level of nominal wage increase.

At the same time, the price variations, reduce the competitiveness of the region.

Therefore exports to both RUK and ROW fall by -4.69% and -5.03%, respectively. Also,

the rise in the region’s prices result in the User Cost of Capital to increase (2.8%) and

Investment is affected by the above-outlined price effects, which falls by -7.07%.

Note that there are both demand and supply side effects in operation here and the

outcome reflects the net effect of these. On the demand side, there is a stimulus to

demand as government expenditure is less import-intensive than consumption expen-

diture. On the supply side the hike in income taxation reduces the real take home

pay and creates upward pressure on wages and prices. The overall impact is the ‘net’

effect of these two forces: positive demand side effect but negative supply side effect.

The adverse supply side effects outweigh the positive demand side effects in the

Conventional Macro model, since GRP is reported in Table 8.5.1 to fall by -7.83% in

the long run. That is to say that the rise in Government consumption is not sufficient

to outweigh the adverse supply side effects.

The rise in the average rate of income tax naturally lowers Total Household Con-

sumption, here by -5.24% in the long run. The model does report also the change for

the different Household types, which all see a decrease in their long run consumption.

The speed of adjustment to the new long run equilibrium is the same for all House-

holds, since Households are treated as homogeneous. However, the tax hike results in

varying long run effects for Households, since the model captures the different House-

hold characteristics that are reflected in the SAM.

Recall from chapter 4: HH1) Working without children, HH2) Working with children,

HH3) Non-working without children, HH4) Non-working with children, HH5) Pension-

ers, HH6) Multiple tax units without children and HH7) Multiple tax units with children.

The initial calibration of Household type consumption from the ‘Disaggregated SAM’

is reflected in the long run results in 8.5.1.
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The largest impact of the tax hike is for the ‘working’ Household types, HH1 and

HH2, as well as for HH6 and HH7. The latter also receive their largest share of total

income from wages, hence the income tax hike, reduces their real wage after tax in

the short run by as much (see Figure 9.9.1). Note that out of these two groups, the

tax shock affects the Household types with children (HH2 and HH7 with -6.93% and

-7.54%) more than the comparative Household types without children (HH1 and HH6

with -6.12% and -6.31%, respectively).

The effect on the non-working Household types is less pronounced with -0.6% for

HH3 and -4.15% for HH4. However, the effect on HH4 is significantly larger than on the

other non-working Household group, HH3. This reflects the characteristics of these

households. Recall from chapter 4, section 4.5.2, that Household type 4 receives

over 60% of its income from wages. Whereas Household 3 receives the majority of

its income through benefit payments from the Government and only around 6% from

wages.

The tax hike does also decrease Household consumption for ‘Pensioners’ (HH5).

Table 8.5.1 reports that their consumption falls by -3.3%. Again, the effect on House-

hold consumption for this group reflects the underlying income sources. Around 27%

of total income for ‘Pensioners’ stems from wage income, and therefore this House-

hold type is also affected the rise in income tax rates. Refer to chapter 4 for a detailed

discussion on the classifications and Household type characteristics.

The disaggregated Household consumption results reflect the characteristics of

the different Household types. Hence, these results enhance the economic analysis

of a balanced budget expansion, compared to previous work with a unified House-

hold sector (Lecca et al., 2014). That is to say that capturing the varying responses

of Household types to the income tax hike, allows for the distributional effects to be

observed, which in turn could aide in informing policy makers to a greater level of

detail.

Overall, the rise in the average rate of income tax under the Conventional - Macro

model results in a contraction of the economy, with GRP falling by -7.83%. The long
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run effect on the economy is a smaller Labour Force and population with higher nomi-

nal wages and a reduction in the region’s competitiveness due to price changes.

The adjustment paths of some key economic variables for the Conventional - Macro

model are presented in Figure 9.9.1. These are the “Nominal Gross Wage”, the “Real

Wage after Tax”, the “Consumer Price Index”, the “Total Employment” and the “Labour

Force” variables. These five variables inform on the adjustment of the wage bargain-

ing behaviour and process, the effect of wage bargaining on the price level and the

adjustment of the workforce to the balanced budget fiscal expansion. Hence, the vari-

ables in Figure 9.9.1 reflect parts of the theoretical effects analysed in Figure 8.3.1

from section 8.3.

The graph shows that it takes around 25 periods before the variables shown here

adjust close to their new long-run equilibrium values (as displayed in Table 8.5.1). The

reduction in competitiveness of the Scottish economy in the short run is exemplified by

the the major rise in the nominal wage as workers attempt to compensate for the fall

in their real take home pay. In fact, the Real Wage after Tax falls by nearly 2% initially.

The economy experiences net outmigration, which continues until the Real Wage after

Tax and unemployment rates return to their original levels.

That is to say that the period-by-period results show that the fall in aggregate eco-

nomic activity in the long run, caused by the net contraction due to the predominant

adverse supply side effect, leads to lower employment. Note that the contraction in the

labour force, which falls by the same level in the long run as total employment, results

in no change to the employment rate (see section 8.3). Thus, the long-run results

show no change in after tax real wage rates (or the unemployment rate), but do reflect

a significant fall in employment and population of over 8% in both cases (see Table

8.5.1).

Figure 9.9.1 shows that the policy shock in period 1 results in the Real Wage after

Tax falling, as does the nominal wage after tax. The re-adjustment of the Real Wage

after Tax to its initial level is caused by the bargaining behaviour of workers, who are

seeking to restore their net take home pay following the policy shock. This is seen by
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the adjustment path of the nominal wage after tax. With workers bargaining for a net

of tax real wage in the “bargained real wage” model.

The gap between the real and nominal wage after taxes in the graph reflects the

price variations resulting from the bargaining behaviour, i.e. the rise in CPI here.

Essentially, adjustment in the Real Wage after Tax is equal to the adjustment in the

Unemployment Rate through migration.

Conventional - Micro

The second column in Table 8.5.1 reports the long run results for the Conventional

- Micro model. Recall that in this case, the rise in public amenities is valued, but

this is not reflected in regional wage bargaining. Thus, this case could be interpreted

as a scenario where potential migrants value the increase in public consumption, but

workers do not or where wages are set at a national level.

Accordingly, the wage bargaining parameter is set equal to zero, α = 0, and the

public amenity valuation parameter is set equal to one, β = 1. Recall that with β = 1,

private consumption and public consumption are valued equally, i.e. the fall in one can

be offset by the rise in the other (if levels are equal).

The analysis of the theory relating to an income tax shock in section 8.3.4 showed

that under these parameter settings, the BRW function shifts to B1, but the ZNM func-

tion remains static at Z0. Hence the new long run equilibrium is at ‘B’, which is a point

associated with a rise on the dW axis, but a leftward shift on the de axis. Hence, this

equilibrium is associated with an increase in the nominal wage and a reduction in the

employment rate.

Since the increase in public amenity provision is not reflected in workers’ wage

bargaining behaviour, the impact on wages is comparable to the Conventional - Macro

case. Workers seek to restore their Real Wage after Tax, by bargaining for higher

nominal wages. The Nominal Gross Wage increases in the long run by 8.7% and the

Nominal Wage after Tax rises by 2.24%. Note that these increases are slightly smaller

than in the Conventional - Macro model (see Table 8.5.1).
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However, workers are unable to fully restore their net take home pay, which de-

creases in the long run by -0.43%. This is due to Labour Force and Unemployment

Rate adjustments in this Conventional - Micro model. Recall that although the in-

crease in the public amenity provision is not reflected in the regional bargaining pro-

cess, α = 0, workers and potential migrants do value the rise in public consumption,

β = 1.

Therefore, the fiscal policy intervention is seen as a desirable attribute of the region

by potential migrants. This is shown by the long run Labour Force adjustment, which

decreases by less here than in the Conventional - Macro case, -7.15% compared to

-8.26% respectively. The smaller degree of net outmigration in the α = 0 and β = 1

case, results in a rise in the unemployment rate in the long run by 4.4% (Recall that the

unemployment rate was restored to its initial level in the Conventional - Macro case,

see Table 8.5.1).

The wage bargaining behaviour of workers produces an upward shift in prices, CPI

increases by 2.68%, which lessens the competitiveness of the region. This is reflected

by the decrease in exports to the RUK by -4.35% and to the ROW by -4.67%. Also,

the User Cost of Capital increases here by 2.59% and the price distortions decrease

overall investment by -6.6%.

The effect on total Household consumption is negative with a fall of -5.05% in

the long run. Also, the disaggregated Household consumption reports a fall for all

Household types, but again to different degrees. These are close to the results for the

Conventional - Macro model. The degree of the contraction in Household consumption

by Household types is as in the Conventional - Macro model, discussed above.

The fiscal expansion, with a rise in the average rate of income tax of 23.78%,

results in a rise in Total Government consumption of 1.65% in the long run. Overall,

public consumption increases by more in the Conventional - Micro model than in the

Conventional - Macro model discussed above.

The overall impact of the balanced budget fiscal expansion for the Conventional

- Micro model is similar to the Conventional - Macro one with GRP decreasing by
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-7.23%. Notable for the α = 0 and β = 1 case is the long run impact on unemploy-

ment, however. Without the positive public amenity valuation by workers and potential

migrants reflected in the wage bargaining process, the region will experience higher

levels of unemployment in the long run than it did prior to the fiscal intervention.

Figure 9.9.2 presents the adjustment paths for the same key economic variables

as Figure 9.9.1. The magnitude and speed of adjustment for each of these variables

is very close to those for the Conventional - Macro model discussed above. However,

the long run equilibria values for these variables in the Conventional - Micro model are

mitigated compared to the Conventional - Macro ones.

Recall from section 8.3.4, that the new long run equilibrium is characterised with

a fall in the employment rate. Note that both the Conventional - Micro and the Social

Wage case are shown to have no change in the employment rate in the long run in

Figure 8.3.1.

Since the wage bargaining parameter, α, is set equal to zero, the rise in the public

amenity provision is not reflected in the wage bargaining process. Thus, Figure 9.9.2

reports that the Nominal Gross Wage rises in order to restore the Real Wage after Tax

back to its initial level. The rise in the nominal wage causes the CPI to increase, as in

the Conventional - Macro case.

However, the Labour Force is reported to fall by less than Total Employment, which

is reflected in the negative effect on the employment rate, as in Figure 8.3.1. Further-

more, wage bargaining is unsuccessful in restoring the Real Wage after Tax. Hence,

the new long run equilibrium is characterised, as expected, by a fall in the employment

rate and a rise in the nominal wage.

Social Wage

In the Social Wage model, the rise in public amenity provision is valued equally to the

foregone private consumption. Recall that private consumption falls, due to the fall in

the real wage that is caused by the income tax hike. In contrast to the Conventional
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- Micro model, wage bargaining incorporates the public amenity valuation, however.

That is to say that the wage bargaining and the public amenity valuation parameters

are set at α = β = 1.

Section 8.3.5 showed that with those parameter values, neither the ZNM function,

nor the BRW function move as a result of the tax rate, dτ (see Figure 8.3.1). Hence,

the equilibrium remains at the origin ‘O’, with no change to the nominal wage and to

the employment rate.

The third column in Table 8.5.1 reports the simulation results for the Social Wage

model. The overall effect of the balanced budget fiscal expansion is positive under the

Social Wage model, with GRP increasing by 0.47% in the long run. The rise in GRP is

a result of the positive public amenity valuation by workers and potential migrants ans

workers’ wage bargaining behaviour.

The Social Wage model is unaffected by price changes in the long run and no

rise in pre-tax wages. Hence, there is no adverse effect on the competitiveness of

the region. Also, the initial demand side stimulus of the rise in public consumption

is compounded by the overall increase in economic performance of the region. Tax

revenue increases over time, which results in larger public consumption, and so forth.

As outlined above, workers do not seek to restore their cut in real take home pay,

reported in Table 8.5.1 by the change in the Nominal Gross Wage of 0. Workers do

accept the decrease in the Real Wage after Tax, equal to the fall of the Nominal Wage

after Tax of -5.91%.

As a result of workers’ wage bargaining behaviour, there are no price changes in

the Social Wage model, i.e. the CPI remains unchanged in the long run. The adverse

effects stemming from the change in prices reported for the two ‘Conventional’ models

above, are therefore not present here. Hence, there is no affect on the competitiveness

of the region, with exports to to both RUK and ROW at 0%change in the long run (see

Table 8.5.1).

Household Consumption contracts in the Social Wage model by a total of 2.89%.
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This is comparatively low when compared with the other models reported in Table

8.5.1. In the Social Wage model. Households are subject to the same initial income

tax hike, but do not restore their net take home pay in the long run. However, the stable

price level and the demand side stimulus from the rise in Government consumption

produce an overall expansionary effect.

As a result of the stimulus to the economy and a stable CPI, Labour income rises

by 1.1% in the long run. Note that Labour income rises by only 0.35% and 0.43%

in the Conventional cases. Hence, Household consumption does not contract by as

much in the Social Wage model than in the other two cases.

The disaggregated Household consumption in Table 8.5.1 shows that the effect on

Household types varies. As outlined above, the characteristics of household types, as

reflected in the SAM, is key for explaining the distributional effects. Also, the effects on

the different Household types is comparatively close for the two Conventional models.

In the Social Wage model, Households report different consumption effects result-

ing from the initial fiscal policy shock. Households 1 and 3 contract by over 50% of the

change they experience in the Conventional - Macro model, at -2.85% and -0.29%,

respectively. In contrast to this, Household 5 and 7 contract by only 27% and 35%

when compared to the results of the Conventional - Macro case (the long run results

are Household consumption decreases by -2.4% and -4.89%, see Table 8.5.1).

The balanced budget fiscal expansion produces a rise of 7.07% in Total Govern-

ment consumption in the long run. Thus, the net demand side effect in the Social

Wage model is the biggest in the Social Wage model.

Figure 9.9.3 shows the adjustment paths for the same key variables as discussed

for the other cases, but for the Social Wage model. Note that all variables approach

their new long run equilibrium values around period 7.

Recall from section 8.3.5 that with the wage bargaining and the public amenity

valuation parameter equal to one, i.e. α = β = 1, neither the ZNM nor the BRW
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function shift. Hence, the new long run equilibrium remains at the origin (‘O’ in Figure

8.3.1), with no change in the nominal wage and no change in the employment rate.

In the short-run the Nominal Gross Wage increases and there is a positive gap

between Total Employment and Labour Supply, which generates net in-migration. This

process pushes down the private element of the social wage until the Nominal Gross

Wage is restored to its original level. The CPI experiences a small rise in the first

period, which tapers off to its original level, however.

Thus, since workers accept the decrease in their Real Wage after Tax, there is

no long run change in prices and hence no competitiveness effect in this model. Also,

since Total Employment and the Labour Force adjust to the same long run levels, there

is no change in the employment rate, as shown in Figure 8.3.1 at point ‘O’.

When comparing the three cases, it is clear that the overall impact of a balanced

budget fiscal expansion is crucially dependent on the public’s valuation of the amenity

associated with the greater public expenditure, and the extent to which this is reflected

in workers’ wage bargaining behaviour. The social wage model is a special case in

which the amenity is valued equally to the displaced private consumption and this is

fully reflected in wage bargaining.

Recall that Figures 9.9.1, 9.9.2 and 9.9.3 show the adjustment paths for some

key economic variables for the Conventional - Macro, the Conventional - Micro and

for the Social Wage model, respectively. Apart from the differences in the values

of the parameters between the models, the speed of adjustment of the economy is

significantly different for the Social Wage model compared to the two ‘Conventional’

models.

The differences in the adjustment paths between the Social Wage and the other

two models can be attributed largely to the wage bargaining process. That is because

the two Conventional models have α = 0, but different values for β, however the speed

of adjustment is similar for both cases.

This illustrates the fact that the wage bargaining process ‘hinders’ the economy to
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adjust to a new long run equilibrium, i.e. it slows the adjustment down. This links back

to the institutional change that Scotland would have to adopt if it was to emulate a

Scandinavian-style macro economic model. Recall that annual “tripartite bargaining”

is one of the key features of the Scandinavian labour market. These results indicate

that wage bargaining ought to be subject to a more regular cycle following the fiscal

expansion in order to avoid this ‘lagging effect’ of adjustment to the economy’s new

long run equilibrium.

It is possible to explore other cases, for example, where workers value public con-

sumption more than private consumption or where public consumption is valued but

not as high as private consumption5. Note that the sensitivity analysis in section 8.5.3

explores how the long run total employment effect varies with different values of α and

β.

The models report the distributional effects on Household consumption. These

results reflect the actual Household characteristics and therefore they give important

insight into the effects of the shock on different Household types.

Recall from chapter 4, section 4.7.2, that tax and welfare flows differ significantly

between Households. Households 3 and 4 are both ‘non-working’ and hence report

the lowest household tax liabilities as well as the highest total receipts for welfare.

The balanced budget fiscal expansion could therefore be assumed to reduce House-

hold consumption the least for these two Households. That is because of the reduced

exposure to the adverse supply effects from a hike in taxes and at the same time the

rise in government consumption (i.e. also a rise in welfare payments).

Table 8.5.1 reports that, as expected, the long run percentage change for House-

hold’s 3 consumption is only slightly negative for all three models (ranging from -0.29%

to -0.6%). However, Household consumption for Household 4 is reported to decrease

much steeper (ranging from -2.52% to -4.15%).

5see (Lecca et al., 2014) for additional variations of those two parameters settings.
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The effects reported here are due to the Household income characteristics re-

ported in the disaggregated IncExp accounts in Table 9.5.12. They show that House-

hold 4 is, although classified as ‘non-working’, receiving 59% of its income through

wages. In contrast, Household 3’s main source of income are Government transfer

payments at 65%.

Given that the data have captured the Household income sources correctly, these

results suggest that the classifications of Households can be misleading with respect

to accurately portraying Household characteristics. This is of particular importance

for policy-makers. For example, when assessing the effect of income tax changes

on households with children as well as tackling wealth inequality across households

(Scottish Government, 2015c).

The results therefore suggest, that simply assessing Households by their level of

tax liability or level of welfare support could be misleading. Policies designed to use

these characteristics only could therefore be counter-productive, given the overarching

policy goal. Hence, employing modelling frameworks such as the one used in this

chapter, which utilises actual data of Scottish households can prove to be invaluable

for helping to design policies to achieve the intended outcome more accurately.

Overall, the economy experiences a contraction under both the Conventional -

Macro and the Conventional - Micro models. The Social Wage model, shows that

the fiscal intervention produces an expansionary effect on the economy. It could be

argued, however, that people who are able to remain in Scotland and are employed in

the long run are better off under the Conventional - Macro case than under the other

model settings. Since, people still in Scotland in the long run have their net take home

pay restored, whilst being able to benefit from increased public consumption.

However, this is obviously subject to the (social) cost of out-migration and a lower-

performing economy than it would have been without the policy shock.
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8.5.2 Sectorally Disaggregated Short- and Long-Run Results

The section above described the aggregate results for both the new long-run equi-

librium values for some broad economic indicators as well as the adjustment paths

for some key variables. This section discusses the short run (1-period) and the long

run (50-period) model output for Total Employment and GRP, for all 25 sectors in the

model.

Table 8.5.2 reports the short run and the long run effects on Total Employment

following the rise in the average rate of income tax for all three models. It shows

that the fiscal expansion affects industry sectors differently, but overall, most sectors

contract in both the short run and the long run for all three models.

The short run effect is smaller for all sectors than the long run effect for all three

models. The impact on the sectors of the fiscal intervention is very similar for the

Conventional - Macro and the Conventional - Micro model. Overall, the short run

effects are nearly identical for both models. But in the long run, the change of Total

Employment compared to the baseline values is larger in the Conventional - Macro

case. Below, the Conventional Macro is discussed first and then the Social Wage

case.

In the short run, the fiscal expansion causes Total Employment in the “Construc-

tion” sector to decrease by -4.3% in the Conventional Macro case. This is the largest

fall in employment for any sector. The short run Total Employment effect for the “Food

& beverage services” and for the “Rubber, plastic, cement and iron” sectors are of

-2.97% and -2.9%. These are the second and third largest changes of all sectors in

the short run.

The “Public administration” sector is the only sector that experiences an increase

in Total Employment in the short run with a 2.29% rise. This is due to the initial rise

in Government consumption following the fiscal expansion. The ‘Disaggregated SAM’

in chapter 4 shows that 99.8% of all UK Government consumption expenditure flows

to the “Public administration” sector. Since the composition of public consumption
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Table 8.5.2: Short Run vs Long Run Results by Sectors - Total Employment

Conventional - Macro Conventional - Micro Social Wage

SR LR SR LR SR LR

1. Agriculture, forestry and fishing -1.06 -7.22 -1.07 -6.78 -0.40 -1.13

2. Mining -0.41 -3.95 -0.41 -3.67 -0.05 -0.11

3. Food, drink and tobacco -1.29 -6.12 -1.29 -5.74 -0.44 -0.91

4. Textile, leather, wood and paper -2.33 -7.92 -2.32 -7.38 -0.40 -0.48

5. Chemicals -0.97 -6.29 -0.97 -5.85 -0.08 -0.27

6. Rubber, plastic, cement and iron -2.90 -9.35 -2.88 -8.71 -0.33 -0.40

7. Computer, electrical and transport equip. -2.67 -8.44 -2.64 -7.85 -0.15 -0.13

8. Electricity, gas and water -0.99 -6.37 -0.99 -5.95 -0.30 -0.66

9. Construction -4.30 -9.47 -4.18 -8.83 -0.46 -0.49

10. Wholesale and retail -2.72 -8.03 -2.71 -7.57 -1.30 -1.83

11. Land transport -2.31 -8.60 -2.31 -8.04 -0.67 -0.87

12. Water transport -1.73 -6.29 -1.73 -5.90 -0.65 -0.87

13. Air Transport -1.89 -7.30 -1.89 -6.87 -0.93 -1.49

14. Post and support transport services -1.97 -9.54 -1.98 -8.90 -0.39 -0.67

15. Accommodation -1.97 -5.88 -1.97 -5.53 -0.92 -1.18

16. Food & beverage services -2.97 -7.29 -2.96 -6.92 -1.74 -2.28

17. Telecommunication -1.99 -8.49 -1.99 -7.95 -0.66 -1.00

18. Computer and information services -2.57 -8.89 -2.56 -8.27 -0.44 -0.20

19. Financial services -1.02 -6.34 -1.02 -5.93 -0.27 -0.66

20. Real estate -1.17 -7.03 -1.17 -6.68 -0.89 -2.33

21. Professional services -2.09 -8.81 -2.08 -8.19 -0.22 -0.05

22. Research and development -2.32 -8.22 -2.33 -7.58 0.38 0.75

23. Public administration 2.29 -3.93 2.29 -3.30 4.17 4.96

24. Recreational services -1.87 -7.20 -1.87 -6.70 -0.34 -0.44

25. Other services -2.63 -8.71 -2.63 -8.20 -1.18 -1.72
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remains unchanged following a shock to the model, and transfer payments are held

constant, the additional UK tax revenue is spend mostly on this sector. As a result,

employment in this sector rises.

However, the long run Total Employment effects for all sectors are negative. The

contraction in the “Public administration” is smallest with -3.93%, followed by the “Min-

ing” sector with -3.95% (which also had the lowest contraction in the short run). Most

sectors show Total Employment falling around the 8% mark. The highest figures for

this reported in Table 8.5.2 are for the “Post and support transport services” sector

with -9.54% and for the “Rubber, plastic, cement and iron” sector with -9.35%.

As stated above, the results for the Conventional - Micro case are very similar to

those discussed above. The short run and long run effects are of similar magnitudes

as well as the sectoral effects in terms of the effect on Total Employment for the differ-

ent sectors.

The Total Employment effects for the Social Wage model differ significantly. First,

the short run effects are closer to the long run effects than in the other two models.

Second, sectors are affected differently in the Social Wage model. Third, some sectors

experience a positive long run effect, which is also larger than the short run effect.

Overall, the impact on Total Employment reported in Table 8.5.2 is smallest under

the Social Wage scenario. In the short run, the largest contraction in employment

is reported for the “Food & beverage services” sector with -1.74% and the second

largest is for the “Wholesale and retail” sector with -1.3%. In contrast, the “Public

administration” sector reports an increase in Total Employment in the short run of

4.17% and the “Research and development” sector of 0.38%.

The “Food & beverage services” sector also reports the largest decrease in Total

Employment in the long run with -2.28%. Six sectors report long run decreases in

Total Employment between 1% and under 2% and sixteen sectors show a decrease of

less than 1%.

As in the short run, the “Public administration” and “Research and development”
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sectors show increases in Total Employment, by 4.96% and 0.75%, respectively. Also,

the “Computer, electrical and transport equipment” and the “Computer and informa-

tion services” sectors report long run Total Employment decreases that are less pro-

nounced than the sort run effects. The short run Total Employment effect for the former

are -0.15% and -0.13% in the long run. For the latter sector these are -0.44% in the

short run and -0.2% in the long run.

Note that this is in stark contrast to the other sectors, which all show the long run

Total Employment effects to be larger than the short run ones. Hence, the Social

Wage model represents a case, which shows an overall smaller impact on Total Em-

ployment in the short run and the long run than the other two models. Furthermore,

the adjustments from the initial shock to the new long run steady state are smoother.

Table 9.9.2 reports the short run and long run results for GRP by all 25 sectors.

Again, the results are shown for all three models, the Conventional - Macro, Con-

ventional - Micro and Social Wage case. The results show that the overall short run

and long run results for GRP mirror those of the Total Employment results discussed

above.

The effect of the balanced budget fiscal expansion is larger on GRP than on Total

Employment for all models. For the two Conventional models, the short run and long

run decreases in GRP are both larger. The Social Wage case, however reports very

similar results to the Total Employment results in Table 8.5.2.

8.5.3 Sensitivity Analysis

Figure 8.5.1 shows the long run percentage change in GRP compared to the initial

steady state for different increases in the average rate of income tax under the Con-

ventional - Macro and -Micro case as well as under the Social Wage scenario. The

increase in the average rate of income tax varies from 1 to 20 percentage points.

Recall that the simulation here was subject to an 8 percentage point increase in the

average income tax rate, which corresponds to the 40% mark in Figure8.5.1.
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Figure 8.5.1: GDP Long-Run Percentage Change Variations

Figure 8.5.1 suggests that a positive policy outcome is strongly linked to the as-

sumptions placed on the Social Wage scenario with higher average rates of income

tax being associated with a higher increase in GRP here. In contrast, higher income

tax rates result in a fall in GRP under the Conventional - Macro and the Conventional

- Micro models.

Any deviation of workers and potential migrants’ behaviour towards the assumption

made in the Conventional - Macro and the Conventional - Micro model lead to an

economic contraction relatively quickly. For example, assuming the actual behaviour

of the economic agents modelled here would reflect a position “in-between” the two

models, the policy shock would yield a negative net outcome.

To identify the values of α and β, which lie at the intersection between a positive

and a negative impact of a balanced budget intervention, Table 8.5.3 reports the long

run percentage change results for Total Employment. Note that as shown in section

8.5.2, the overall direction and sectoral impact of the fiscal intervention are similar for

Total Employment and GRP.

273



Table 8.5.3: Long Run Percentage Change in Employment Following the Increase in
the Average Rate of Income Tax, for Combinations of Parameters α and β

α

0.00 0.20 0.40 0.60 0.80 1.00

2.00 -6.95 -3.45 0.02 3.46 6.88 10.26

1.80 -7.08 -3.93 -0.80 2.30 5.39 8.45

1.60 -7.21 -4.41 -1.62 1.12 3.89 6.62

1.40 -7.34 -4.89 -2.45 -0.02 2.39 4.79

1.20 -7.47 -5.37 -3.27 -1.19 0.86 2.95

β 1.00 -7.60 -5.85 -4.10 -2.36 -0.63 1.08

0.80 -7.74 -6.33 -4.93 -3.53 -2.14 -0.76

0.60 -7.87 -6.81 -5.76 -4.71 -3.67 -2.62

0.40 -8.00 -7.30 -6.59 -5.89 -5.19 -4.49

0.20 -8.13 -7.78 -7.43 -7.08 -6.73 -6.37

0.00 -8.26 -8.26 -8.26 -8.26 -8.26 -8.26

Table 8.5.3 reports that there is no positive stimulus for Total Employment result-

ing from the balanced budget fiscal expansion for any β value below 1. At this point,

where workers and migrants place equal value on the rise of public consumption ver-

sus foregone private consumption, the only value of α that produces an increase in

long run employment is 1. Recall that these are the parameter values for the Social

Wage model.

For β values above 1, the value of α governs whether there is a positive stimulus.

Only with α close to unity, does Total Employment in the long run rise by any significant

value. Note that the cases with β larger than one represent scenarios where both

workers and potential migrants prefer public consumption to private consumption.

Overall, 51 out of 66 potential combinations of the α and β parameter values in

Table 8.5.3 show a decrease in Total Employment. Also, the negative long run em-

ployment values (51) report on aggregate a higher contractionary effect than those

combinations (15) that result in a positive stimulus to Total Employment.

The results from Table 8.5.3 support the observations above with regards to Figure

8.5.1, that there is a ‘fine line’ between a positive fiscal stimulus and an economic
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contraction resulting from the balanced budget fiscal expansion. In particular, the

figures from Table 8.5.3 highlight that public consumption has to be valued at least by

as much as private consumption, but preferably by even more, in order to ensure that

the fiscal policy shock produces an overall positive stimulus for the economy.

As the analysis in section 8.5.1 highlighted, the overall size of the economic impact

from the fiscal stimulus is also dependent on the competitiveness effect. Due to the

bargaining behaviour of workers in the Conventional - Macro and the Conventional -

Micro case, prices change, which results in a substitution effect away from Scottish

products, i.e. exports to RUK and ROW decrease.

There are two key reasons why trade is so important for a regional economy, such

as the Scottish economy modelled here. First, export demand makes up a significantly

larger share of overall production than for a national economy. Second, the price

elasticity of demand of regional products is higher than for national products. This

is because of the lower transaction costs for regional products and there are closer

substitutes for regional products than for national products.

Therefore, the sensitivity of the results to the chosen export demand elasticities are

analysed here. Recall that the simulations above were calibrated with the standard

export demand elasticity for AMOS of the value: 2 (Armington, 1969; Gibson, H.,

1990). Here, the parameter is allowed to vary and the three cases considered here

are the same as in the simulation above: α = β = 0 (A), α = 0 β = 1 (B) and

α = β = 1 (C).

Table 8.5.3 reports that the long run results for Total Employment under parameter

combination A is: -8.26%, B is -7.60% and C is 1.08%. These results are replicated

in Figure 8.5.2, at the horizontal axis point 2. The Figure illustrates that the long

run percentage change in employment varies significantly under A and B. This is ex-

pected, since those cases have a competitiveness effect present, which will increase

with higher elasticity values.

In contrast to this, the parameter combination of C, i.e. the Social Wage case,
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Figure 8.5.2: Long-Run Percentage Change Variations in Employment - Export De-
mand Elasticities

shows only a very slight variation in the long run percentage change of employment

under different demand elasticities. This is because, there is no competitiveness effect

in this model hence no variation with respect to the elasticity

Note that the change in Total Employment in A and B is negatively related to the

export demand elasticity, which affects the magnitude of the employment change. Due

to the size of the balanced budget expansion, i.e. a rise in income tax by nearly 24%,

there is no positive value of the trade elasticity, which would result in A or B to report

a positive long run percentage change in employment.

Figure 8.5.2 indicates that the more open the economy the greater the effect on

Total Employment and the more closed the economy, the smaller the effect. Figure

9.9.4 reports the sensitivity analysis for the same parameter combinations as above,

but on GRP. The results mirror the ones reported for Total Employment. Note that

the sign of the long run results for both Total Employment and GRP are affected by

the size of the shock. Lecca et al. (2014) report a positive sign for some of the lower

export demand elasticity values tested here, because this reduces the scale of the
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competitiveness effect.

8.6 Discussion

This section discusses the broader economic consequences of further fiscal devolu-

tion with reference to the simulation results discussed in section 8.5. The scenarios

simulated in this chapter yield different net outcomes for the Scottish economy de-

pending on the treatment of wage bargaining behaviour and amenity valuation within

the model.

The new long-run equilibrium as measured by GRP, in Figure 8.5.1, indicates how

the Scottish economy performs following the balanced budget expansion. A balanced

budget fiscal expansion is shown to yield a net growth effect only under strict a cer-

tain regional wage bargaining behaviour with positive amenity valuation. However, if

these assumptions are relaxed by a small degree, the net effect on the economy is a

contraction of economic output.

The policy shock simulated above is inspired by the continuous debate about more

fiscal devolution for Scotland, which is particularly driven by the ruling party in Scot-

land, the SNP. However, it has to be noted that this far the Scottish Parliament has

a poor track record of using its extended fiscal powers. For example, the 2011 SNP

Manifesto for the Scottish Parliament election clearly states that it does not intend to

use the Scottish Variable Rate (SVR) in the next parliamentary cycle6.

But at the same time the party demands more taxation powers, e.g. full devolu-

tion of corporation tax (The BBC, 2011). Similarly, in the manifesto for the 2015 UK

Parliament election, the SNP urged the Scottish Parliament to move to “full financial

responsibility” (The BBC, 2015).

This lack of open debate for such a major change to the Scottish fiscal framework

is worrisome. Also, at odds is the continued anti-austerity language used in the mani-
6The SVR was an income tax power devolved to Scotland under the Scotland Act 1998. It enabled

the Scottish Parliament to add up to 3p in the pound on the base rate of income tax paid in Scotland.
This power has been superseded by the SRIT under the Scotland Act 2012. The potential impact this tax
power might have had is discussed and simulated using AMOS in Lecca et al. (2014).
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festos alongside the statements to increase public expenditure whilst no tax increases

apart from upping the top end of income tax (as put forward by the Labour party, only)

are promoted.

The simulations performed in this chapter try to address the likely impact of higher

public expenditure through higher tax revenue, since the additional funds need to be

found somewhere. Note that Scotland has only limited borrowing facilities, which are

insufficient to fund long run changes to public expenditure without additional revenue

sources or cost cutting measures being identified (see section 8.2.1).

Additional to the assumptions placed on the model, there are wider economic con-

ditions to be taken into consideration if the government were to move towards a “Scan-

dinavian Model”. First, Scotland is characterized by a highly open economy, which

relies heavily on trade with its external partners. Given that price changes are only

‘avoided’ in the Social Wage case, it is likely that the income tax hike would result in

price distortions. This would result in adverse competitiveness effects following the

fiscal intervention (as discussed in section 8.5), which might have a severe impact on

the overall performance of the Scottish economy.

Second, the Social Wage model assumes that workers and potential migrants

value foregone private consumption equally to a rise in government spending. How-

ever, the long run decrease in the Real Wage after Tax, nearly 6% in the Social Wage

scenario for example, is significant. It is questionable whether workers would be willing

to accept a cut of this magnitude in their net take home pay. This is despite the fact

that the adjustment to the new long run equilibrium would be gradual and a increase

in government consumption might be applied to suit voters’ preferences more closely.

Third, the model assumes a generic increase in current government consumption.

This spending includes health, education and welfare payments. The value placed

on the increased government consumption will differ among current workers, i.e. in-

come tax payers. Also, it will differ among current Scottish workers and potential mi-

grants who might place a significant value on health and education above other current

spending examples.
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Therefore, the argument could be made that workers seek to benefit immediately

from the cut in their take home pay through higher public spending on Demand-side

levers. However, workers’ valuation of the rise in public amenities is crucial. In con-

trast, migrants might prefer a higher level of government expenditure on items that

have more indirect Supply-side effects. Thus the composition of the proposed increase

in public consumption matters greatly.

Fourth, the bargaining character of the Scandinavian and the UK economy differs

as alluded to in section 8.2.2. The UK experienced higher levels of unionisation for a

period in the second half of the 20th century, but this has declined to around 26% in

2009 whereas the average across Scandinavia was 64% for the same year (see Table

9.9.1).

As outlined in section 8.2.1, “tripartite bargaining” characterises the annual wage

setting negotiations in the Nordic countries, which involves unions, employer associa-

tions and the government. If Scotland were to move towards a Scandinavian model, it

would need to address the changes necessary in order to ensure regular and inclusive

bargaining similar to the “tripartite bargaining” system was experienced in Scotland.

Important to note though is the fact that a significant share of Scottish workers are

subject to national UK-wide wage bargaining. This is likely to result in some worker

being subject to wage bargaining behaviour, which does not resemble the outcome

achieved under “tripartite bargaining”.

If national bargaining was widespread workers in Scotland would not be in a po-

sition to compensate for Scottish tax changes and the results would be similar to the

Social Wage case. However, there would be a question over whether national bargain-

ing would survive if the Scottish Government does impose significant tax changes.

Fifth, further institutional changes would require Scotland to emulate a ‘social in-

vestment state’ with a more inclusive welfare system to move closer to a “Scandinavian

Model”. Without the institutional changes, simply increasing the role of the state in the

Scottish economy is likely to have adverse effects as shown under the Conventional
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- Macro and Conventional - Micro scenarios. These scenarios could be interpreted

as cases where Scandinavian style taxation and public expenditure are imposed on

Scotland, without any changes to the institutional framework as outlined above.

The fact that there is free worker mobility between England and Scotland (with

Scottish firms employing English residents and vice versa) complicates an accurate

simulation of the likely labour market impacts of Scottish fiscal policies. Thus, only if

the Scottish Government was sure that the parameter values of the Social Wage model

were close to the conduct of economic agents in Scotland, would a move towards a

Scandinavian model be advisable.

Also note that the there is a positive demand-side shock through a variant of the

standard balanced budget multiplier. However, this might be offset by a negative

supply-side shock operating through the impact of higher income tax rates on the

nominal wage, generated by regional bargaining.

8.7 Conclusion

This chapter has outlined some of the new fiscal powers extended to the Scottish

Government and Parliament following the Scotland Act 2012 as well as the potentially

further devolution of powers as proposed by the Smith Commission. Within the next

fiscal year, Scotland is able to alter its fiscal policy direction significantly from that of

the RUK. One direction Scotland could pursue is to move closer to a Scandinavian

model characterized by comparatively high levels of government expenditure funded

through taxation, as is simulated here.

This chapter employs CGE modelling to assess the economic impact of a bal-

anced budget fiscal expansion funded through increases in the average rate of income

tax. The scale of the shock reflects income tax levels as present in Scandinavian

economies. The scenario analysed here shows that wage bargaining behaviour of

Scottish workers and potential migrants to Scotland as well as their valuation of public

amenities are pivotal.

280



The simulation output analysis shows that any positive valuation of a fiscal expan-

sion needs to be reflected in the wage bargaining behaviour of workers in order to

result in a positive impact on the overall performance of the Scottish economy. The

discussion above emphasized the urgency for Scottish policy makers to seriously con-

sider the potential implications of altering income tax in Scotland. In particular with

respect to the indications made by the Scottish Finance secretary John Swinney dur-

ing his presentation of the draft budget for 2016-17 (Scottish Parliament, 2015).

Furthermore, the discussion touched upon the fact that Scottish policy is subject

to external economic conditions such as UK-wide national bargaining as well as the

effect of a fiscal intervention on Scotland’s competitiveness. Additionally, it is clear

the the composition of the increase in public consumption may matter, but this is not

modelled here. Also, the details with regards to the borrowing facilities provided under

Smith have not been revealed.

In summary, Scottish policy makers need to be able to assess the aggregate eco-

nomic effects of a potential fiscal intervention towards a more Scandinavian model

given the underlying assumptions placed on the model here. Future research needs

to address the following in order to provide policy makers with more inclusive advise.

First, the public consumption bundle that the average tax payer in Scotland would

feel indifferent about giving up in order to fund higher levels of public consumption

needs to be tied down. Second, the simulations need to be extended to address the

effect of the fiscal expansion on the different branches of the government operating in

Scotland simultaneously. And third, performing these simulations in an interregional

setting with particular focus on the ‘no detriment clause’ seems to provide valuable

insights for the impact that differential tax regimes between Scotland the RUK might

have.
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Chapter 9

Thesis Postlude

9.1 Conclusion

This thesis contributes to the multi-sectoral analysis for the Scottish economy through

extending the commonly used SAM framework and enhancing the modelling capacity

of shocks in both SAM and CGE models.

This is done through developing a method for constructing and disaggregating a

SAM for Scotland. This method utilises to a large extend publicly available Scottish

data, published by the Scottish Government. In particular the Scottish IxI table and

GERS (Scottish Government, 2013c, 2013b). The remaining data sources are all UK

national accounts data and again mostly publicly available.

The modelling capacity is enhanced through establishing which IO Type II output

multiplier provides the most accurate estimations for Scotland and in turn that the

SAM multiplier is the preferred method, if available. Further, the standard SAM model

is extended to endogenise the ‘Scottish’ part of the public sector operating in Scotland.

The extended SAM model is employed to analyse the effect of different degrees of

fiscal autonomy on the sensitivity of the Scottish economy to shocks. The extended

CGE model is used to test the impact of a potential balanced budget fiscal expansion

under different model settings.

This thesis finds that Scotland already has substantial fiscal powers. However, the

evolving fiscal framework for Scotland requires sensitive analysis of how the shifting
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parameters in the Scottish fiscal framework alter the impact of internal and external

shocks.

The contributions of each chapter individually are outlined below. Section 9.2 iden-

tifies areas of future work and concludes this thesis.

Individual Chapter Contributions

Chapter 2 builds on the framework of previously constructed SAMs for Scotland. How-

ever, the method developed here makes two distinct contributions to the Scottish SAM

framework. First, the method provides a clear pathway from raw data to data calcula-

tion and finally to the Income and Expenditure accounts and the SAM.

This method is easily replicable for other base years and has since been employed

multiple times in the Fraser of Allander Institute and the Scottish Government. Sec-

ond, this method improved upon the accuracy of multiple entries through employing

different data sources than previous iterations of Scottish SAMs.

Chapter 3 creates a unique and novel method for disaggregating the Government

sector in the Scottish SAM. This work had not been done before. The method de-

veloped here utilises Scottish data for the disaggregation of the Government account

and ensures that the disaggregated account retains the flow of funds information of

the SAM from chapter 2. Also, the disaggregated Government account captures the

inter-governmental flows.

Additionally, chapter 3 disaggregates the previously unified Tax account into three

accounts by identifying a corresponding tax account for every Government sectors.

The extended government and tax accounts in the SAM enable the tracking of de-

volved fiscal powers to Scotland, which cannot be captured by a unified government

and a unified tax account. The method for the Government account is fully replicable

through publicly available data.

Chapter 4 also creates a unique and novel disaggregation method, but for the

household account. Again, this method is replicable, however, it does utilise some
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sensitive Government data, which is not publicly available. The household sector is

disaggregated, through matrix transformations, to identify seven household types in

the SAM. The method developed in chapter 4 disaggregates the household sector in

a way that reproduces the initial unified household sector, if collapsed to one sector.

The disaggregation of the household account is done whilst retaining the ‘full’ in-

dustry aggregation of the SAM from chapter 2, that is 104 industries. Previous at-

tempts of household sector disaggregation for both the UK and Scotland collapsed

the industry classification, hence this is a unique method developed here. The disag-

gregated Household SAM captures the characteristics of the seven household types,

which is also captured in the CGE model results in chapter 8.

Chapter 5 highlights that a commonly employed multi-sectoral analysis tool, the IO

Type II output multiplier, is computed differently in published works. More importantly,

the literature does not acknowledge the difference in the methods. This chapter shows

that, using Scottish data, computing Type II multiplier with the different methods results

in significant variations in the multiplier values.

The contributions of chapter 5 are first, highlighting the existence of this problem,

second, highlighting that researchers are seemingly unaware of the different methods,

third, which of the IO Type II multiplier models gives the ‘best fit’, and fourth that the

SAM multiplier is best amongst the ‘output’ multiplier.

Chapter 6 utilises the government, tax and household account disaggregated SAM

from chapter 4 to construct a SAM model. This model builds on the standard SAM

model employed in chapter 5, but extends the model to endogenise part of the Gov-

ernment sector. Developing this extension to the standard SAM model is a unique

contribution of this thesis.

The SAM is calibrated in four variants, which all reflect a different degree of fiscal

autonomy for Scotland, from the Scotland Act 1998 to a variant of full fiscal devolution.

Four (extended) SAM models are then built and used to simulate separate exogenous

demand shocks on two industries, separately. The analysis highlights both the different

channels through which the multiplier effects flow for different sectors.
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Furthermore, chapter 6 shows the heightened degree of sensitivity to shocks of the

Scottish economy under increasing degrees of fiscal autonomy. The different calibra-

tions of the SAM and the extended SAM model offer a novel tool for policy analysis.

Chapter 7 provides a general outline of CGE models. Also it discusses the stan-

dard forward-looking AMOS model and gives the full mathematical representation of

the model. The model is then extended to capture the three government sectors from

the SAM and also to capture Household taxes in a more detailed level.

Chapter 8 outlines some key characteristics of the Scandinavian labour market

and models a balanced budget fiscal expansion, which imposes Scandinavian income

tax levels on the Scottish economy. The model captures the disaggregated household

sector and thus the model can identify the distributional impacts of the income tax hike.

This is a unique contribution of this chapter.

The model is run under three parameter settings for wage bargaining and public

amenity valuation. The results indicate that the value of these parameters is key in

determining the aggregate net effect of a balanced budget fiscal expansion. Note

that the size of the shock is within the Scottish Government’s current fiscal powers.

Furthermore, the discussion highlighted that higher levels of income tax, would likely

require changes to the way wages are bargained for in Scotland.

9.2 Future Work

This section outlines areas for future work and is structured to mirror the sequence of

the chapters in this thesis.

As stated above, a major part of the contributions of this thesis are based around

the construction of the 2009 SAM for Scotland and the disaggregation of the House-

hold, Government and Tax accounts in the SAM. The extensive use of the data high-

lighted some areas that need to be addressed to improve the accuracy of the data in

future works.
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First, a newer source for the Gross Disposable Household Income figures needs

to be identified, as the base SAM utilised rolled-forward data from an older SAM for

Scotland due to a lack of data availability. Second, a more accurate figure for ‘private

pension’ payments for Scottish households and third, more data on the flow of funds

between Scotland and the external sector. Most publications only state the flow of

funds between the UK and ROW, hence, more details on flows to and from Scotland

and the RUK and ROW would also enhance the data quality of the SAM.

Fourth, the data work for the Government sector disaggregation showed that the

calculation of the Government sectors’ income from Other Value Added and payments

to the Capital account ought to be checked for future Scottish SAMs. Additionally, the

work in chapter 3 highlighted that there are some significant deviations between Gov-

ernment expenditure figures in GERS and the IxI table (Scottish Government, 2013c,

2013b).

The multiplier analysis in chapter 5 established, which Type II multiplier offers the

‘best fit’ for Scottish data. Extending this research to other regions and countries would

prove informative. On the one hand, this would provide researchers with an indication

as to which method to use for which national dataset. On the other hand, this work

could provide insights into which method is best across multiple datasets.

The SAM modelling in chapter 6 already provides great insights into how the Scot-

tish economy might respond to a shock under different fiscal arrangements. This work

can be taken further, through either shocking other policy relevant sectors or by chang-

ing the degrees of fiscal devolution to capture more subtle adjustments to a more

fiscally autonomous Scotland.

The extension of the AMOS model to include different Government sectors is to

be taken further. One key area of development is to enable a variation in the inter-

governmental transfer payments in the model. In its current iteration, the model holds

these payments, such as the ‘block grant’ as fixed. However, higher tax revenue

through a rise in income tax in Scotland, for example, ought to result in adjustments to

the Scottish Government’s grant payments to the Local Government.
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Lastly, the simulation of the balanced budget fiscal expansion could also be re-

verted to model a fiscal contraction. Since the Scottish Government has the power

to increase as well as reduce income tax rates, it could pursue a tax policy emulating

more ‘Balitc’ levels of taxation, as discussed by Keating and Harvey (2014).

This thesis has made contributions to the multi-sectoral analysis of the Scottish

economy through the development of methods for SAM constructions and disaggre-

gations, as well as through extensions to models that can simulate policies and shocks

in a more fiscally autonomous Scotland.
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9.3 Appendix 2

Households

1. Income

The Household income entry is derived from the latest revised figures of Scottish

Gross Disposable Household Income (GDHI) for 2009 at NUTS2 level (ONS,

2013a). This figure is then used within the IncExp Accounts as a control total.

Total Income =

Operating surplus and Mixed income

+Compensation of employees

+(Property income, received - Property income, paid)

+Imputed social contributions and Social benefits

+(Other current transfers, received

−Other current transfers, paid)

(2.6.1)

107877 = 9437 + 64645 + (8485− 551) + 23559 + (5102− 2800)

2. Income from Employment

This is the “Compensation of employees” || “Total intermediate demand” from

one source, the IO Tables and the data from this source are taken to be fixed1.

The data of the IO Tables is presented in the calendar year format and thus no

1References from the IO Tables are identified by first the column and then the row. In order to
distinguish these the convention || is used between the name of the IO column and the name of the IO
row.
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adjustment is needed. The “Compensation of employees” in the IO Tables does

include wage payments as well as non-wage labour costs, such as NI contribu-

tions (Scottish Government, 2013a).

Income from Employment =

(Compensation of Employees‖Total Intermediate Demand)

(2.6.2)

63561 = 63561

3. Profit Income (OVA)

This entry requires that the Gross Operating Surplus for Scotland is identified.

Yet, these data are only available as an aggregate comprising of Operating sur-

plus and Mixed Income. Therefore, the ‘Operating surplus and Mixed income’

figure is disaggregated to identify the Gross Operating Surplus and Mixed In-

come component separately. This is estimated by using shares derived from

1999 GDHI data which is the last data-set to report these figures individually.

There are no alternative datasets available that would allow for a better estima-

tion of Scottish Gross Operating Surplus for 2009.

GDHI data for 1999 is obtained from Hermannsson et al. (2010) and the shares

of Gross Operating Surplus and Mixed Income are calculated. Gross Operat-

ing Surplus comprises of 56 percent and Gross Mixed Income comprises of 44

percent of total Operating and Mixed surplus and Mixed Income in 1999. These

shares are used to disaggregate the aggregate 2009 figure. This process yields

the required Gross Operating Surplus estimate for Scotland of £5,289m. Thus,

2009 data (the control total) is disaggregate by using 1999 shares to yield the
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necessary Gross Operating Surplus which is used as Household Profit Income

in the IncExp Accounts (ONS, 2011c).

Profit Income =

Operating surplus and Mixed income

∗1999 Share of Gross operating surplus

(2.6.3)

5289 = 9437 ∗ 0.56%

4. Income from Corporations

The income households receive from corporations is the sum of Capital Gains,

then any non-wage payments received and lastly from mixed and proportionate

income2 calculated in the Income Accounts for Households.

First, deriving the Capital Gains Tax receipts from GERS and dividing them by

the fixed Capital Gains Tax Rate for 2008-10 (at 18%), gives an estimate of the

actual monetary value of the capital gain received by Scottish households for

2009 at £1,478m(Scottish Government, 2013b; HMRC, 2013a).

Second, the non-wage income received by households from corporations is cal-

culated. This comprises multiplying the Scottish GDP share (see equation*

2.6.80) by the total of “UK Private Dividends” paid out by private non-financial

corporations in the UK. The calculated figure is then multiplied by the individ-

ual’s share of total equity3, which gives an estimate of the dividend payments by

non-financial corporations received by Scottish households at at £765m.
2This is a Balancing Item.
3This share is an average for the years 2008 and 2010, since a figure for 2009 is not available. This

share is based on a UK-wide total equity share of individual’s.
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This is then used to distinguish the dividend payments received by private share-

holders versus, for example, funds (ONS, 2013b). Further, this part of the income

figure is derived by adding an estimate of the “Total Private Pensions” 4 received

by Scottish households at £9,691m as well as household’s “Net Other Income”

from the GDHI at at £2,302m to the non-wage income received by households

from corporations(ONS, 2012).

Third, Households’ Mixed and Proportionate Income Unallocated (Cell 8) at at

£867m is added in order to balance this part of the Accounts.

Income from Corporations =

Household Income from Capital Gains

+Household Income from Corporations

+Mixed and Proportionate Income UnallocatedIncExp

(2.6.4)

15103 = 12758 + 1478 + 867

where

4No estimate for Scottish Private Pension payments for 2009 could be obtained. This figure here is
using the share of Scottish private pensions against Social Security payments received by households.
This share is obtained from a 2006 Scottish SAM (Hermannsson et al., 2010) and multiplied by the 2009
Social Security payments for Scotland.
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Household Income from Capital Gains =

(1/4 ∗ Households’ Capital Gains Tax Payments08-09

+3/4 ∗ Households’ Capital Gains Tax Payments09-10)

÷Capital Gains Tax Rate

(2.6.5)

1478 = (1/4 ∗ 572 + 3/4 ∗ 164)÷ 18%

Total Household Income from Corporations =

(Scottish GDP Share ∗ Individual Share of Total Equity

∗Total UK Private Dividend Payments)

+Total Private Pension + Net Other Income

(2.6.6)

12758 = 8.22% ∗ (
10.2% + 11.5%

2
) ∗ 85816 + 9691 + 2302

Mixed and Proportionate Income Unallocated =

(Total Household IncomeGDHI − Total Household IncomeIncExp)

(2.6.7)

867 = 107877− 107010
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5. Income from Government

This figure comprises the annualised “Social Protection Payments” to Scottish

households (Scottish Government, 2013b) and the “Public Dividend Payments”

received by Scottish households (ONS, 2013b). The latter is calculated in accor-

dance with the methodology outlined above for “Private Dividend Payments”.

The dividend payments are sourced from non-financial corporations, Central

Government and Local Government accounts and are multiplied by the Scottish

GDP share as well as the average individual‘s share of total equity and further

multiplied by the UK Public Dividend payments.

Income from Government =

(1/4 ∗ Total Social Protection08-09

+3/4 ∗ Total Social Protection09-10)

+Scottish GDP Share

∗(UK Public DividendsNon-Financial Corporations

+UK Public DividendsCentral Government

+UK Public DividendsLocal Government)

∗((Individual’s Share of Total Equity2008

+Individual’s Share of Total Equity2010)÷ 2)

(2.6.8)

19835 = (1/4 ∗ 18653 + 3/4 ∗ 20193)

+(8.22% ∗ (25 + 2214 + 772) ∗ ((10.2% + 11.5%)÷ 2))
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6. Transfers from RUK

These transfers are calculated by, first, deriving the total figure of dividends paid

to Scottish households. This figure is calculated by using the share of Scottish

Households over total UK Households (see equation* 2.6.82)5 and multiplying

it by “Total RUK Dividends” paid to UK households (ONS, 2013b). The latter

figure is based on the average individual’s share of total equity multiplied by

the difference between Total UK- and Total Scottish- private dividends in order

to obtain the RUK dividend payments to Households in Scotland (ONS, 2010b,

2011c).

Second, the difference of the “Compensation of Employees” according to the

GDHI estimates and the actual figure of income from employment (Cell 2) is

derived. The figures obtained from the first calculation and the second one are

then summed up.

Transfers from RUK =

Total RUK Dividends to Scottish Households

+(Compensation of EmployeesGDHI

−Income from EmploymentIncExp)

(2.6.9)

1853 = 767 + (64645− 63561)

5the Household share is used here, since these are dividends paid to Scottish households specifi-
cally.

294



where

Total RUK Dividends to Scottish Households =

Scottish Household Share ∗ Total RUK Dividends to Households
(2.6.10)

767 = 9% ∗ 8546

7. Transfers from ROW

This figure is calculated in two parts. First, the UK employment income from

ROW (ONS, 2013b) is calculated with the Scottish share of Total Corporate OVA

(see equation* 2.6.85). Using the Total Corporate OVA share for Scotland re-

sults in the most accurate estimate for this figure, since the Transfers from ROW

are based on corporate flows of funds. Second, the amount of “UK Property

and Entrepreneurial Income” is multiplied by the Scottish share of UK GDP (see

equation* 2.6.80) and by the Scottish household share of OVA for UK property

and entrepreneurial income (Scottish Government, 2013c, 2013b).

Transfers from ROW =

(Scottish Share of UK Total OVA∗

UK Employment Income from ROW)

+(Scottish Household OVA ∗ Scottish GDP Share of UK

∗UK Property and Entrepreneurial Income)

(2.6.11)

2237 = (143588.31%) + (169313 ∗ 15% ∗ 8.22%)

295



8. Mixed and Proportionate Income Unallocated

Balancing Item: equal to the difference between the control total for Households’

Income (Cell1) and Total Household Income (Cell 9) (ONS, 2012).

Income Unallocated =

IncomeHouseholds
IncExp

−Income from EmploymentHouseholds
IncExp

(2.6.12)

867 = 107877− 107010

9. Total Household Income

Totals Figure: this figure is the sum of all of the above entries for this account,

excluding the total household income figure obtained from the GDHI (sum of

cells 2 to 8).

Total Household Income =

(Income from EmploymentHouseholds
IncExp

+Profit Income (OVA)Households
IncExp

+Income from CorporationsHouseholds
IncExp

+Income from GovernmentHouseholds
IncExp

+Transfers from RUKHouseholds
IncExp

+Transfers from ROWHouseholds
IncExp )

(2.6.13)
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107877 = 63561 + 5289 + 15103 + 19835 + 1853 + 2237

10. Expenditure

Totals Figure: Summation of figures below, from IO Expenditure to Payments to

Capital (Cells 11 to 16).

Expenditure =

IO ExpenditureHouseholds
IncExp

+Payments to CorporationsHouseholds
IncExp

+Payments to GovernmentHouseholds
IncExp

+Transfers to RUKHouseholds
IncExp

+Transfers to ROWHouseholds
IncExp

+Payments to CapitalHouseholds
IncExp

(2.6.14)

107877 = 74669 + 6401 + 21379 + 5070 + 238 + 119

11. IO Expenditure

This cell presents the consumption expenditure, including taxes paid on prod-

ucts, by both Households and “Non-Profit Institutions Serving Households” (NPISH).

Examples for what NPISHs are include churches, sport clubs and political par-

ties. These institutions are generally not mainly funded by governments and

serve households either for free or for relative low cost (Eurostat, 2013). The IO

Expenditure figure is calculated by using data solely from the IO Tables. This
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cell is constructed of “Total Intermediate Consumption at basic prices” || “House-

holds’ Final Consumption Expenditure” plus “Taxes less Subsidies on Products”

|| “Households Final Consumption Expenditure” and “Total Intermediate Con-

sumption at basic prices” || “Non-Profit Institutions Serving Households’ Final

Consumption Expenditure” plus “Taxes less Subsidies on Products” || “Non-Profit

Institutions Serving Households’ Final Consumption Expenditure” from the IO

Tables (Scottish Government, 2013c).

IO Expenditure =

Total Intermediate Consumption‖Final Consumption ExpenditureHouseholds

+Taxes less Subsidies on Products‖Final Consumption ExpenditureHouseholds

+Total Intermediate Consumption‖Final Consumption ExpenditureNPISH

+Taxes less Subsidies on Products‖Final Consumption ExpenditureNPISH

(2.6.15)

74669 = 65421 + 6568 + 2680 + 0

12. Payments to Corporations

Balancing Item: Taking the Total Expenditure (Cell 17) and subtracting the sum

of: IO Expenditure (Cell 11), Payments to Government (Cell 13), Transfers to

RUK (Cell 14), Transfers to ROW (Cell 15), Payments to Capital (Cell 16) from it.
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Payments to Corporations =

Total ExpenditureHouseholds
IncExp

−IO ExpenditureHouseholds
IncExp

−Payments to GovernmentHouseholds
IncExp

−Transfers to RUKHouseholds
IncExp

−Transfers to ROWHouseholds
IncExp

−Payments to CapitalHouseholds
IncExp

(2.6.16)

6401 = 107877− 74662− 21379− 238− 119− 5070

13. Payments to Government

These are the taxes paid by Households to the Government. The source for

these entries is GERS and therefore these figures have to be annualised ac-

cording to the method outlined above. These taxes are: Income Tax, Capital

Gains Tax, Inheritance Tax, Stamp Duties, Half Insurance Premium Tax, Council

Tax and Social Security Contributions (NI) (Scottish Government, 2013b). The

figures are annualised as detailed in Section 2.4.1.
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Payments to Government =

1/4 ∗ (Income Tax08-09 + Capital Gains Tax08-09

+Inheritance Tax08-09 + Stamp Duties08-09

+Half Insurance Premium Tax08-09 + Council Tax08-09

+Social Security Contributions08-09)

+3/4 ∗ (Income Tax09-10 + Capital Gains Tax09-10

+Inheritance Tax09-10 + Stamp Duties09-10

+Half Insurance Premium Tax09-10 + Council Tax09-10

+Social Security Contributions09-10)

(2.6.17)

21379 = (1/4 ∗ (10642 + 572 + 178 + 594 + 96 + 1960 + 7992))

+(3/4 ∗ (10364 + 164 + 146 + 516 + 95 + 1961 + 7915))

14. Transfers to RUK

This figure is calculated using the same methodology as outlined for (Cell 15). It

is assumed that the transfers paid to the RUK are twice as high as those paid to

the ROW, and thus this cell is equal to (Cell 15) times two.

Transfers to RUK =

Transfers to ROWHouseholds
IncExp ∗ 2

(2.6.18)

238 = 119 ∗ 2
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15. Transfers to ROW

This figure is comprised of, first, the amount of employee compensation that is

paid to the ROW, i.e. the part that is deducted from GDP in order to arrive at

GNP figures. Then it is multiplied by the share of Scottish OVA of Corporate

Income (see equation* 2.6.85) (ONS, 2013b).

Transfers to ROW =

UK Payments to ROW ∗ Scottish Corporate Income OVA

(2.6.19)

119 = 1435 ∗ 8.31%

16. Payments to Capital (Savings)

This cell is calculated by assuming that households save a share of their total

expenditure. The Household Saving Rate obtained from the Scottish National

Accounts Project (SNAP) for 2009 (Scottish Government, 2013e) is multiplied by

Households’ Total Expenditure (see Cell 17).

Payments to Capital =

Total Household IncomeHouseholds
IncExp

∗Household Savings RateSNAP

(2.6.20)
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5070 = 107877 ∗ 0.047

17. Total Expenditure

Corresponding Figure: Equal to the Total Household Income (Cell 9), based on

the assumption that total income for households are equal to their total expendi-

ture.

Total Expenditure =

Total Household IncomeHouseholds
IncExp

(2.6.21)

107877 = 107877
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Corporations

18. Income

Totals Figure: Equal to all other entries in this section (sum of Cells 19 to 23).

Income =

Profit IncomeCorporations
IncExp

+Income from HouseholdsCorporations
IncExp

+Income from GovernmentCorporations
IncExp

+Income from RUKCorporations
IncExp

+Income from ROWCorporations
IncExp

(2.6.22)

53507 = 29456 + 6401 + 5722 + 5964 + 5964

19. Profit Income (OVA)

The figure of “Gross Operating Surplus” || “Total Intermediate Demand” from

the IO Tables is deducted by the Profit Income (OVA) of both Households and

Government (Cells 3 and 31) (Scottish Government, 2013c; ONS, 2011c).

Profit Income =

Gross Operating Surplus‖Total Intermediate Demand

−Profit IncomeHouseholds
IncExp − Profit IncomeGovernment

IncExp

(2.6.23)

29456 = 38441− 5289− 3697
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20. Income from Households

Corresponding Figure: Equal to Household’s Payments to Corporations (Cell

12), which is derived as a Balancing Item.

Income from Households =

Payments to CorporationsHouseholds
IncExp

(2.6.24)

6401 = 6401

21. Income from Government

Corresponding Figure: Equal to Government’s Payments to Corporations (Cell

39), which is derived as a Balancing Item.

Income from Government =

Payments to CorporationsGovernment
IncExp

(2.6.25)

5722 = 5722
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22. Income from RUK

The Scottish share of UK Property and Entrepreneurial Income (see equation*

2.6.86) is multiplied by the corporate share of OVA. Half of this total is attributed

to the Income from RUK and the other half to the Income from ROW (Cell 23).

The UK Property and Entrepreneurial Income is part of the Gross National In-

come at market prices presented in the ONS’s National Accounts, i.e. the Blue

Book. In the Blue Book this figure gives the receipts of the UK from the ROW.

Here we estimate that as a Scottish share of that total figure, half of the prop-

erty and income receipts for Scotland originate from RUK and the other half from

ROW (Scottish Government, 2013c; ONS, 2013b).

Income from RUK =

1/2 ∗ Corporate OVA Share

∗Scottish Share of UK Property and Entrepreneurial Income

(2.6.26)

5964 = 84.8% ∗ 14070 ∗ 1/2

23. Income from ROW

The Scottish share of UK property and entrepreneurial income (see 2.6.86) is

multiplied by the corporate share of OVA (Scottish Government, 2013c; ONS,

2013b). Half of this total is shared to the Income from ROW and the other half to

the Income from RUK (Cell 22).
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Income from ROW =

1/2 ∗ Corporate OVA Share

∗Scottish Share of UK Property and Entrepreneurial Income

(2.6.27)

5964 = 84.8% ∗ 14070 ∗ 1/2

24. Expenditure

Totals Figure: Sum of cells below (Cell 25 to 29).

Expenditure =

Payments to HouseholdsCorporations
IncExp

+Payments to GovernmentCorporations
IncExp

+Transfers to RUKCorporations
IncExp

+Transfers to ROWCorporations
IncExp

+Payments to CapitalCorporations
IncExp

(2.6.28)

53507 = 15103 + 5248 + 3768 + 4560 + 24828
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25. Payments to Households

Corresponding Figure: Equal to Household Income from Corporations (Cell 4).

Payments to Households =

Income from CorporationsHouseholds
IncExp

(2.6.29)

15103 = 15103

26. Payments to Government

These are the annualised taxes paid by corporations to the Scottish Government.

The source for these entries is GERS. The taxes are: Corporation Tax, Half

Insurance Premium Tax, Landfill Tax, Non-Domestic Rates, Other Taxes and

Royalties, Interest and Dividends (Scottish Government, 2013b).

Payments to Government =

1/4 ∗ (Corporation Tax08-09 + Half Insurance Premium Tax08-09

+Landfill Tax08-09 + Non-Domestic Rates08-09

+Other Taxes and Royalties08-09 + Interest and Dividends08-09)

+3/4 ∗ (Corporation Tax09-10 + Half Insurance Premium Tax09-10

+Landfill Tax09-10 + Non-Domestic Rates09-10

+Other Taxes and Royalties09-10 + Interest and Dividends09-10)

(2.6.30)
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5248 = 1/4 ∗ (2841 + 96 + 82 + 1736 + 250 + 608)

+3/4(2680 + 95 + 85 + 1822 + 212 + 233)

27. Transfers to RUK

This is the Corporations’ Profit Income (OVA) (Cell 19) multiplied by the share of

companies operating in Scotland but owned by a RUK entity’s profits not directly

re-invested. This share is derived from the “Businesses in Scotland Publication”

from the Scottish Government (ONS, 2013b; Scottish Government, 2011b).

Transfers to RUK =

OVA Repatriated ∗%age of UK-owned firms

(2.6.31)

3768 = 29456 ∗ 13%

28. Transfers to ROW

This is the Corporations’ Profit Income (OVA) (Cell 19) multiplied by the share of

companies operating in Scotland but owned by a ROW entity’s profits not directly

re-invested. This share is derived from the “Businesses in Scotland Publication”

from the Scottish Government (ONS, 2013b; Scottish Government, 2011b).
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Transfers to ROW =

OVA Repatriated ∗%age of ROW-owned firms

(2.6.32)

4560 = 29456 ∗ 15%

29. Payments to Capital (Savings)

Balancing Item: This figure is the Corporations’ Total Income (Cell 18) minus the

sum of (Cells 25 to 28) from the Corporations’ Expenditure Account.

Payments to Capital =

IncomeCorporations
IncExp

−Payments to HouseholdsCorporations
IncExp

−Payments to GovernmentCorporations
IncExp

−Transfers to RUKCorporations
IncExp

−Transfers to ROWCorporations
IncExp

(2.6.33)

24828 = 53507− 15103− 5248− 3768− 4560
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Government

30. Income

Totals Figure: Sum of cells below (Cells 31 to 35).

Income =

Profit IncomeGovernment
IncExp

+Net Commodity TaxGovernment
IncExp

+Income from HouseholdsGovernment
IncExp

+Income from CorporationsGovernment
IncExp

(2.6.34)

63530 = 3697 + 13165 + 21379 + 5248 + 20041

31. Profit Income (OVA)

Equal to “Gross Operating Surplus” for all public sectors in the IO Tables (see

Cell 30). The Public Sectors are: Water and Sewerage, Public Administration

and Defence, Education, Health, Residential Care and Social Work (Scottish

Government, 2013c).
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Profit Income =

Gross Operating Surplus‖Water and Sewerage‖

+Gross Operating Surplus‖Public Administration and Defence

+Gross Operating Surplus‖Education

+Gross Operating Surplus‖Health

+Gross Operating Surplus‖Residential Care

+Gross Operating Surplus‖Social Work

(2.6.35)

3697 = 710 + 865 + 463 + 817 + 590 + 253

32. Net Commodity Taxes

This cell is the sum of “Taxes less Subsidies on Production” || “Total Intermediate

Demand” and “Taxes less Subsidies on Production” || “Total Demand for Prod-

ucts” from the IO Tables (Scottish Government, 2013c).

Net Commodity Taxes =

Taxes less Subsidies on Production‖Total Intermediate Demand

+Taxes less Subsidies on Production‖Total Demand for Products

(2.6.36)

13165 = 1232 + 11933
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33. Income from Households

Corresponding Figure: Equal to Households’ Payments to Government (Cell 13).

Income from Households =

Payments to GovernmentHouseholds
IncExp

(2.6.37)

21379 = 21379

34. Income from Corporations

Corresponding Figure: Equal to Corporations’ Payments to Government (Cell

26).

Income from Corporations =

Payments to GovernmentCorporations
IncExp

(2.6.38)

5248 = 5248
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35. Income from RUK

Balancing Item: Total Government Income Balancing Total (Cell 36) minus the

sum of Profit Income (Cell 31), Net Commodity Taxes (Cell 32), Income from

Households (Cell 33) and Income from Corporations (Cell 34).

Income from RUK =

Total Government Income Balancing

−Profit IncomeGovernment
IncExp

−Net Commodity TaxesGovernment
IncExp

−Income from HouseholdsGovernment
IncExp

−Income from CorporationsGovernment
IncExp

(2.6.39)

20041 = 63530− 3697− 13165− 21379− 5248

36. Total Government Income Balancing Total

Corresponding Figure: Equal to Total Government Expenditure Balancing Total

(Cell 43).

Total Government Income =

Total Government Expenditure Balancing TotalGovernment
IncExp

(2.6.40)
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63530 = 63530

37. Expenditure

Totals Figure: Sum of cells below (38 to 42).

Expenditure =

IO ExpenditureGovernment
IncExp

+Payments to CorporationsGovernment
IncExp

+Payments to HouseholdsGovernment
IncExp

+Transfers to RUKGovernment
IncExp

+Payments to CapitalGovernment
IncExp

(2.6.41)

63530 = 29486 + 5722 + 19835 + 8368 + 119

38. IO Expenditure

This is the “Total Intermediate Consumption at basic prices” || “Central Govern-

ment” || and “Total Intermediate Consumption at basic prices” || “Local Govern-

ments” from the IO Tables (Scottish Government, 2013c).
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IO Expenditure =

Total Intermediate Consumption at basic prices‖Central Government

+Total Intermediate Consumption at basic prices‖Local Government

(2.6.42)

29486 = 19296 + 10190

39. Payments to Corporations

Balancing Item: Total Government Expenditure Balancing Total (Cell 44) minus

IO Expenditure (Cell 38), Payments to Households (Cell 40), Transfers to RUK

(Cell 41) and Payments to Capital (Savings) (Cell 42).

Payments to Corporations =

Total Government Expenditure Balancing TotalGovernment
IncExp

−IO ExpenditureGovernment
IncExp

+Payments to HouseholdsGovernment
IncExp

+Transfers to RUKGovernment
IncExp

+Payments to CapitalGovernment
IncExp

(2.6.43)

5722 = 63530− 29486− 19835− 8368− 119
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40. Payments to Households

Corresponding Figure: Households’ Income from Government (Cell 5).

Payments to Households =

Income from GovernmentHouseholds
IncExp

(2.6.44)

19835 = 19835

41. Transfers to RUK

This is the annualised estimated non-identifiable Government Expenditure, based

on the Scottish population share of the UK Total non-identifiable public spending.

These figures are taken from GERS and approximately 60% of the £8,368 are

made up of “Public Sector Debt Interested” and “Defence” spending made by the

UK on behalf of Scotland. (Scottish Government, 2013b).

Transfers to RUK =

1/4 ∗ Estimated Non-Identifiable Expenditure08-09

+3/4 ∗ Estimated Non-Identifiable Expenditure09-10

(2.6.45)

8368 = 1/4 ∗ 8174 + 3/4 ∗ 8432
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42. Payments to Capital (Savings)

This cell is calculated using the IO Table entries for all public sectors. It is their

sum of “Gross Fixed Capital Formation” as given in the IO Tables, from which

the sum of “Taxes less Subsidies on Production” for those sectors is subtracted

(Scottish Government, 2013c).

Payments to Capital =

(Water and Sewerage‖Gross Fixed Capital Formation

+Public Administration and Defence‖Gross Fixed Capital Formation

+Education‖Gross Fixed Capital Formation

+Health‖Gross Fixed Capital Formation

+Residential Care‖Gross Fixed Capital Formation

+Social Work‖Gross Fixed Capital Formation)

−(Water and Sewerage‖Taxes less Subsidies on Production

+Public Administration and Defence‖Taxes less Subsidies on Production

+Education‖Taxes less Subsidies on Production

+Health‖Taxes less Subsidies on Production

+Residential Care‖Taxes less Subsidies on Production

+Social Work‖Taxes less Subsidies on Production)

(2.6.46)

119 = (1 + 174 + 7 + 0 + 0 + 1)

−(28 + 0 + 18 + 11 + 3 + 4)

317



43. Total Government Expenditure Balancing Total

This is the Control Total, which is then imposed on the Total Government Income

(Cell 36). This figure has two components. First, the annualised “Total Iden-

tifiable Expenditure” and the “Total Non-Identifiable Expenditure” of the Public

Sector in Scotland are added together (Scottish Government, 2013b). Second,

the annualised “Total managed expenditure”, “Total Identifiable”- and “Total non-

identifiable Expenditure” of the UK are summed together and multiplied by the

Scottish population share (see equation* 2.6.81). The latter is then subtracted

from the former in order to arrive at an estimate for total public sector spending

in Scotland (Treasury, 2012; ONS, 2010b).

Total Government Expenditure =

(1/4 ∗ Total Identifiable Expenditure08−09

+3/4 ∗ Total Identifiable Expenditure09−10)

+(1/4 ∗ Total Non-Identifiable Expenditure08−09

+3/4 ∗ Total Non-Identifiable Expenditure09−10)

(1/4 ∗ Scottish Population Share

∗(Total Managed ExpenditureUK
08−09

−Total Identifiable ExpenditureUK
08−09

−Total Managed Non-IdentifiableUK
08−09))

(1/4 ∗ Scottish Population Share

∗(Total Managed ExpenditureUK
09−10

−Total Identifiable ExpenditureUK
09−10

−Total Managed Non-IdentifiableUK
09−10))

(2.6.47)
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63530 = (1/4 ∗ (50779 + 8174)) + (3/4 ∗ (53617 + 8432))

+(1/4 ∗ 8.41% ∗ (629745− 515734− 87697))

+(3/4 ∗ 8.41% ∗ (670150− 559134− 84021))
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Capital

44. Income

Totals Figure: Sum of cells below, which gives the balance of the main transac-

tors’ savings with any income from RUK/ROW investment in Scotland (Cells 45

to 48).

Income =

HouseholdsCapital
IncExp

+CorporationsCapital
IncExp

+GovernmentCapital
IncExp

+RUK/ROWCapital
IncExp

(2.6.48)

19930 = 5202 + 24695 + 119 + (−10086)

45. Households

Corresponding Figure: Households’ Payments to Capital (Savings) (Cell 16).

Households =

Payments to CapitalHouseholds
IncExp

(2.6.49)

5070 = 5070
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46. Corporate

Corresponding Figure: Corporations’ Payments to Capital (Savings) (Cell 29),

which is derived as a Balancing Item.

Corporate =

Payments to CapitalCorporations
IncExp

(2.6.50)

24828 = 24828

47. Government

Corresponding Figure: Government’s Payments to Capital (Savings) (Cell 42).

Government =

Payments to CapitalGovernment
IncExp

(2.6.51)

119 = 119
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48. RUK/ROW

Corresponding Figure: Surplus/Deficit of the External Expenditure Account (Cell

66).

RUK/ROW =

Total IncomeExternal
IncExp

−Total ExpenditureExternal
IncExp

(2.6.52)

−10087 = 90808− 100896

49. Expenditure

Corresponding Figure: IO Expenditure (Cell 50).

Expenditure =

IO ExpenditureCapital
IncExp

(2.6.53)

19930 = 19930

50. IO Expenditure

This figure gives the net balance of savings of the main transactors in Scot-

land. Here it is calculated as the sum of “Total Intermediate Consumption at
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basic prices” || “Total Gross Capital Formation” and “Taxes less Subsidies on

Products” || “Total Gross Capital Formation” from the IO Tables (Scottish Gov-

ernment, 2013c).

IO Expenditure =

Total Intermediate Consumption at basic prices‖Total Gross Capital Formation

+Taxes Less Subsidies on Products‖Total Gross Capital Formation

(2.6.54)

19930 = 18453 + 1495
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External

51. RUK Income from Scotland

Totals Figure: This is the sum of the two cells below: Goods & Services (Cell 52)

and Transfers (Cell 53).

RUK Income from Scotland =

Goods & Services from RUKExternal
IncExp

+Transfers to RUKExternal
IncExp

(2.6.55)

67133 = 54759 + 12374

52. Goods & Services from RUK

This is the Scottish “Total Demand for Products” from RUK as given in the IO

Tables (Scottish Government, 2013c).

Goods & Services from RUK =

Imports from Rest of UK‖Total Demand for Products

(2.6.56)

54759 = 54759
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53. Transfers to RUK

This is the sum of the previously calculated cells: Households’ Transfers to RUK

(Cell 14), the Corporations’ Transfers to RUK (Cell 27) and the Government’s

Transfers to RUK (Cell 41).

Transfers to RUK =

Transfers to RUKHouseholds
IncExp

+Transfers to RUKCorporations
IncExp

+Transfers to RUKGovernment
IncExp

(2.6.57)

12374 = 238 + 3768 + 8368

54. ROW Income from Scotland

Totals Figure: This is the sum of the two cells below: Goods & Services (Cell 55)

and Transfers (Cell 56).

ROW Income from Scotland =

Goods & Services from ROWExternal
IncExp

+Transfers to ROWExternal
IncExp

(2.6.58)

23676 = 18997 + 4697
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55. Goods & Services from ROW

This is the “ROW” || “Total Demand for Products” from the IO Tables (Scottish

Government, 2013c).

Goods & Services from ROW =

Imports from Rest of UK‖Total Demand for Products

(2.6.59)

18997 = 18997

56. Transfers to ROW

This is the sum of the Households’ Transfers to ROW (Cell 15) and the Corpora-

tions’ Transfers to ROW (Cell 28).

Transfers to ROW =

Transfers to ROWHouseholds
IncExp

+Transfers to RUKCorporations
IncExp

(2.6.60)

4679 = 119 + 4560

326



57. Total Income

Totals Figure: This is the sum of the two cells: UK income from Scotland (Cell

51) and ROW income from Scotland (Cell 54).

Total Income =

RUK Income from ScotlandExternal
IncExp

+ROW Income from ScotlandExternal
IncExp

(2.6.61)

90808 = 67133 + 23676

58. RUK Expenditure in Scotland

Totals Figure: This is the sum of the two cells below: Goods & Services (Cell 59)

and Transfers (Cell 60).

RUK Expenditure in Scotland =

Goods & Services to RUKExternal
IncExp

+Transfers from RUKExternal
IncExp

(2.6.62)

70597 = 42739 + 27858
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59. Goods & Services to RUK

This is the “Total Intermediate Consumption at basic prices” || “Rest of UK ex-

ports” from the IO Tables (Scottish Government, 2013c).

Goods & Services to RUK =

Total Intermediate Consumption at basic prices‖Rest of UK Exports

(2.6.63)

42739 = 42739

60. Transfers from RUK

This is the sum of the Households’ Transfers from RUK (Cell 6), the Corporations’

Income from RUK (Cell 22) and the Government’s Income from RUK (Cell 35).

Transfers from RUK =

Transfers from RUKHouseholds
IncExp

+Income from RUKCorporations
IncExp

+Income from RUKGovernment
IncExp

(2.6.64)

27858 = 1853 + 5964 + 20041
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61. ROW Expenditure in Scotland

Totals Figure: This is the sum of the two cells below: Goods & Services (Cell 62)

and Transfers (Cell 63).

ROW Expenditure in Scotland =

Goods & Services to ROWExternal
IncExp

+Transfers from ROWExternal
IncExp

(2.6.65)

27378 = 19178 + 8201

62. Goods & Services to ROW

This is the “Total Intermediate Consumption at basic prices” || “Rest of World

Exports” from the IO Tables (Scottish Government, 2013c).

Goods & Services to ROW =

Total Intermediate Consumption at basic prices

Rest of World Exports

(2.6.66)

19178 = 19178
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63. Transfers

This is the sum of Households’ Transfers from ROW (Cell 7) and Corporations’

Income from ROW (Cell 23).

Transfers from ROW =

Transfers from ROWHouseholds
IncExp + Income from ROWCorporations

IncExp

(2.6.67)

8201 = 2237 + 5964

64. Tourist Expenditure in Scotland

This is the sum of the “Total Intermediate Consumption at basic prices” || “Final

Consumption Expenditure of Non-resident Household Expenditure in Scotland”

and the “Taxes less Subsidies on Products” || “Final Consumption Expenditure of

Non-resident Household Expenditure in Scotland” from the IO Tables (Scottish

Government, 2013c).

Tourist Expenditure in Scotland =

Total Intermediate Consumption at basic prices

‖Final Consumption Expenditure Non-Resident

Household Expenditure in Scotland

+Taxes Less Subsidies on Products

‖Final Consumption Expenditure Non-Resident

Household Expenditure in Scotland

(2.6.68)
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2921 = 2599 + 322

65. Total Expenditure

This is the sum of the above cells: RUK Expenditure in Scotland (Cell 58), ROW

Expenditure in Scotland (Cell 61) and Tourist Expenditure in Scotland (Cell 64).

Total Expenditure =

UK Expenditure in ScotlandExternal
IncExp

+ROW Expenditure in ScotlandExternal
IncExp

+Tourist Expenditure in ScotlandExternal
IncExp

(2.6.69)

100896 = 70597 + 27378 + 2921

66. Surplus/Deficit

This is the balance of the External Account’s Total Income (Cell 57) minus the

account’s Total expenditure (Cell 65).

Surplus/Deficit =

Total IncomeExternal
IncExp

−Total ExpenditureExternal
IncExp

(2.6.70)
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−10087 = 90808− 100896
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Goods and Services Trade Balance

67. RUK

This is the balance of the RUK Expenditure in Scotland’s Goods and Services

(Cell 59) minus the RUK Income from Scotland’s Goods and Services (Cell 52).

Goods & Services Trade Balance with RUK =

RUK Goods & Services Expenditure in ScotlandExternal
IncExp

−RUK Goods & Services Income from ScotlandExternal
IncExp

(2.6.71)

−12020 = 42739− 54759

68. ROW

This is the balance of the ROW Expenditure in Scotland’s Goods and Services

(Cell 62) minus the ROW Income from Scotland’s Goods and Services (Cell 55).

Goods & Services Trade Balance with ROW =

ROW Goods & Services Expenditure in ScotlandExternal
IncExp

−ROW Goods & Services Income from ScotlandExternal
IncExp

(2.6.72)

181 = 19178− 18997
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Total Balance of Payments

69. RUK

The External Account’s RUK Expenditure in Scotland (Cell 58) and the Tourist

Expenditure in Scotland (Cell 64) are added together. The resulting figure is

then multiplied by the share attributed to RUK versus ROW tourists from the

International Passenger Survey (ONS, 2010a) and subtracted by RUK Income

from Scotland (Cell 51).

Total Balance of Payments RUK =

RUK Expenditure in ScotlandExternal
IncExp

+(RUK Share of Tourist Expenditure in Scotland

∗Tourist Expenditure in ScotlandExternal
IncExp )

−RUK Income from ScotlandExternal
IncExp

(2.6.73)

5217 = 70597 + (0.6 ∗ 2921)− 67133

70. ROW

The External Account’s ROW Expenditure in Scotland (Cell 61) and the Tourist

Expenditure in Scotland (Cell 64) are summed together. This is then multiplied

by the share attributed to ROW versus RUK tourists from the International Pas-

senger Survey (ONS, 2010a) and subtracted by ROW Income from Scotland

(Cell 54).
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Total Balance of Payments ROW =

ROW Expenditure in ScotlandExternal
IncExp

+(ROW Share of Tourist Expenditure in Scotland

∗Tourist Expenditure in ScotlandExternal
IncExp )

−ROW Income from ScotlandExternal
IncExp

(2.6.74)

4871 = 27378 + (0.4 ∗ 2921)− 23676

71. Total BOP

Totals Figure: This is the sum of the two cells above (Cells 69 & 70).

Total Balance of Payments =

RUK Total Balance of Payments + ROW Total Balance of Payments

(2.6.75)

10087 = 5217 + 4871
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External Balance

72. RUK Total Flows Balance

This is the balance of UK Income from Scotland (Cell 51) minus UK expenditure

in Scotland (Cell 58).

RUK Total Flows Balance =

RUK Income from Scotland− RUK Expenditure in Scotland

(2.6.76)

−3464 = 67133− 70597

73. ROW Total Flows Balance

This is the balance of ROW income from Scotland (Cell 54) minus ROW expen-

diture in Scotland (Cell 61).

ROW Total Flows Balance =

ROW Income from Scotland− ROW Expenditure in Scotland

(2.6.77)

−3703 = 23676− 27378

74. Tourist Balance
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Corresponding figure: The External Account’s Tourist Expenditure in Scotland

(Cell 64).

Tourist Balance =

−Tourist Expenditure in ScotlandExternal
IncExp

(2.6.78)

−2921 = −2921

75. RUK/ROW Surplus/(Deficit), Lending/(Borrowing) with Scotland

Totals Figure: This is the sum of the three cells above (Cells 72 to 74).

RUK/ROW Total External Balance =

RUK Total Flows BalanceExternal Balance
IncExp

+ROW Total Flows BalanceExternal Balance
IncExp

+Tourist BalanceExternal Balance
IncExp

(2.6.79)

−10087 = (−3462) + (−3703) + (−2921)
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Shares

76. Scottish GDP Share

This is the Scottish GDP share over Total UK GDP (Scottish Government, 2013a;

ONS, 2013b).

Scottish GDP Share =

Scottish GDP at market prices

÷UK GDP at market prices

(2.6.80)

8.22% = 115167/1401863

77. Scottish Population Share

This is the Scottish population share over Total UK population (ONS, 2010b).

Scottish Population Share =

Population Estimate Scotland

÷Population Estimate UK

(2.6.81)

8.41% = 5194/61792
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78. Scottish Household Share

This is the share of Scottish Households and Dwellings over Households in the

whole UK (ONS, 2012).

Scottish Household Share =

(Households and Dwellings Estimate for Scotland2001 ∗ 3/11)

+(Households and Dwellings Estimate for Scotland2011 ∗ 8/11)

÷(Households Estimate for the UK2001 ∗ 3/11)

+(Households Estimate for the UK2011 ∗ 8/11)

(2.6.82)

9% = (2.2 ∗ 3/11 + 2.4 ∗ 8/11)÷ (24.5 ∗ 3/11 + 26.3 ∗ 8/11)

79. Scottish Share of Total UK OVA

This is the Scottish OVA taken from the IO Tables (Scottish Government, 2013a)

over the UK OVA (ONS, 2013b).

Scottish Share of Total UK OVA =

Scottish OVA÷ UK OVA

(2.6.83)

8.31% = 38441/462590
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80. Scottish Share of Total Household OVA

This is the share of Scottish Households’ OVA over the sum of Household OVA

(Cell 3) and Corporate OVA (Cell 19) (ONS, 2011c; Scottish Government, 2013e).

Scottish Share of Total Household OVA =

Scottish Household OVA

÷(Scottish Household OVA + Scottish Corporate OVA)

(2.6.84)

15% = 5289/(5289 + 29456)

81. Scottish Share of Total Corporate OVA

This is the share of Scottish Corporations’ OVA over the sum of Household

OVA (Cell 3) and Corporate OVA (Cell 19) (ONS, 2011c; Scottish Government,

2013e).

Scottish Share of Total Corporate OVA =

Scottish Corporate OVA

÷(Scottish Household OVA + Scottish Corporate OVA)

(2.6.85)

85% = 29456/(5289 + 29456)
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82. Scottish Share of UK Property and Entrepreneurial Income

This figure is calculated by multiplying the share of Scottish over UK OVA (Scottish

Government, 2013c; ONS, 2013b) with the UK Property and Entrepreneurial In-

come (ONS, 2013b).

Scottish Share of UK Property and Entrepreneurial Income =

(Scottish OVA/UK OVA

∗UK Property and Entrepreneurial Income

(2.6.86)

14070 = (38441/462590) ∗ 169313
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9.4 Appendix 3

Table 9.4.2: Non-Identifiable Spending Scotland

GERS Shares - Public Admin

Scottish Total 3,434

UK Total 7,193

Total 10,627

Local Share 22.6%

Central Share 77.4%

Scottish Share 25.0%

UK Share 52.4%

Scottish UK Ratio 0.32

UK Scottish Ratio 0.68

GERS Shares - Health

Scottish Total 10,441

UK Total 131

Total 10,572

Local Share 0.0%

Central Share 100.0%

Scottish Share 98.8%

UK Share 1.2%

Scottish UK Ratio 0.99

UK Scottish Ratio 0.01

GERS Shares - Recreation, culture and religion

Scottish Total 1,043

UK Total 413

Total 1,456

Local Share 93.4%

Central Share 6.6%

Scottish Share 4.8%

UK Share 1.9%

Scottish UK Ratio 0.72

UK Scottish Ratio 0.28

GERS Shares - Education

Scottish Total 7,680

UK Total 28

Total 7,708

Continued on next page
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Non-Identifiable Spending Scotland – continued from previous page

Local Share 84.0%

Central Share 16.0%

Scottish Share 16.0%

UK Share 0.1%

Scottish UK Ratio 1.00

UK Scottish Ratio 0.00

GERS Shares - Social Protection

Scottish Total 4,769

UK Total 15,039

Total 19,808

Scottish Share 0.24

UK Share 0.76

Identifable Expenditure

Scottish Government 20,251

Share UK Gov of Total Indentifiable 29.7%

Share Scottish Gov of Total Indentifiable 38.3%

Share Local Gov of Total Indentifiable 32.1%

Scottish UK Ratio 0.56

UK Scottish Ratio 0.44
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Table 9.4.1: Income-Expenditure Accounts for Scotland (in £million)

HOUSEHOLDS

1. Total Income 107,877 10. Total Expenditure 107,877
2. Income from Employment 63,561 11. IO Expenditure 74,669
3. Profit Income (OVA) 5,289 12. Payments to Corporations 7,031
4. Income from Corporations 15,103 13. Payments to UK Taxes 18,788
5. Income from UK Government 13,519 14. Payments to Scottish Taxes -
6. Income from Scottish Government - 15. Payments to Local Taxes 1,961
7. Income from Local Government 6,316 16. Transfers to RUK 238
8. Transfers from RUK 1,853 17. Transfers to ROW 119
9. Transfers from ROW 2,237 18. Payments to Capital 5,070

CORPORATIONS

19. Total Income 53,507 27. Total Expenditure 53,507
20. Profit Income (OVA) 29,456 28. Payments to Households 15,103
21. Income from Households 7,031 29. Payments to UK Taxes 3,269
22. Income from UK Government 2,660 30. Payments to Scottish Taxes -
23. Income from Scottish Government 3,062 31. Payments to Local Taxes 1,801
24. Income from Local Government - 32. Transfers to RUK 3,768
25. Income from RUK 7,798 33. Transfers to ROW 4,560
26. Income from ROW 3,499 34. Payments to Capital 25,007

UK GOVERNMENT

35. Total Income 55,862 41. Total Expenditure 55,862
36. Profit income (OVA) 529 42. IO Expenditure 5,924
37. UK Taxes 35,221 43. Payments to Corporations 2,660

44. Payments to Households 13,519
45. Transfers to RUK 6,626

38. Transfers from Scottish Government - 46. Transfers to ROW 1,741
39. Transfers from Local Government - 47. Transfers to Scottish Government 25,303
40. Income from RUK 20,112 48. Transfers to Local Government -

49. Payments to Capital 89

SCOTTISH GOVERNMENT

50. Total Income 27,082 56. Total Expenditure 27,082
51. Profit income (OVA) 1,780 57. IO Expenditure 13,371
52. Scottish Taxes - 58. Payments to Corporations 3,062

59. Payments to Households -
60. Transfers to RUK -

53. Transfers from UK Government 25,303 61. Transfers to ROW -
54. Transfers from Local Government - 62. Transfers to UK Government -
55. Income from RUK - 63. Transfers to Local Government 10,644

64. Payments to Capital 5

LOCAL GOVERNMENT

65. Total Income 16,531 71. Total Expenditure 16,531
66. Profit income (OVA) 1,388 72. IO Expenditure 10,190
67. Local Taxes 3,761 73. Payments to Corporations -

74. Payments to Households 6,316
75. Transfers to RUK -

68. Transfers from UK Government - 76. Transfers to ROW -
69. Transfers from Scottish Government 10,644 77. Transfers to UK Government -
70. Income from RUK 738 78. Transfers to Scottish Government -

79. Payments to Capital 25
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Table 9.4.3: Non-Identifiable Spending Scotland

RUK ROW Total

General public services

Public and common services 438 438

International services 637 637

Public sector debt interest 1842 789 2631

Defence 2830 314 3144

Public order and safety 183 183

Economic affairs

Enterprise and economic development 519 519

Science and technology 47 47

Employment policies 2 2

Agriculture, forestry and fisheries 0 0

Transport 27 27

Environment protection 144 144

Housing and community amenities 0 0

Health 83 83

Recreation, culture and religion 333 333

Education and training 3 3

Social protection 290 290

Accounting adjustments -112 -112

Total 6626 1741 8367
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9.5 Appendix 4

Table 9.5.1: K Matrix, Household Consumption by Spending Category and HH Type,
Source: LCFS (in £million)

HH1 HH2 HH3 HH4 HH5 HH6 HH7 Total

Food & non-alcoholic drinks: 1.84 1.61 1.16 0.21 0.21 0.89 0.35 6.27

Alcoholic drink, tobacco & narcotics 0.55 0.32 0.24 0.06 0.05 0.23 0.08 1.54

Clothing & footwear 0.94 0.66 0.32 0.05 0.03 0.43 0.24 2.67

Housing, fuel & power 2.17 1.37 1.27 0.15 0.19 0.86 0.22 6.24

Household goods & services 1.11 1.13 0.58 0.07 0.07 0.34 0.10 3.41

Health 0.19 0.09 0.09 0.00 0.01 0.10 0.01 0.50

Transport 3.16 2.02 0.93 0.05 0.09 1.18 0.35 7.77

Communication 0.48 0.35 0.24 0.04 0.04 0.20 0.08 1.41

Recreation and Culture 2.78 1.84 1.18 0.14 0.14 0.85 0.30 7.23

Education 0.19 0.25 0.03 0.01 0.00 0.12 0.05 0.65

Restaurants and Hotels 1.79 1.13 0.54 0.07 0.06 0.69 0.23 4.50

Other Goods and Services 1.25 1.34 0.62 0.05 0.07 0.57 0.18 4.08

Total 16.47 12.12 7.20 0.90 0.95 6.45 2.18
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Table 9.5.2: A1 Matrix, HHFCE 42 Products to LCFS 12 Spending Categories
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1. Food 1 - - - - - - - - - - -

2. Non-alcoholic beverages 1 - - - - - - - - - - -

3. Alcoholic beverages - 1 - - - - - - - - - -

4. Tobacco - 1 - - - - - - - - - -

5. Narcotics - 1 - - - - - - - - - -

6. Clothing - - 1 - - - - - - - - -

7. Footwear - - 1 - - - - - - - - -

8. Actual rentals for households - - - 1 - - - - - - - -

9. Imputed rentals for households - - - 1 - - - - - - - -

10. Maintenance and repair of the dwelling - - - 1 - - - - - - - -

11. Water supply and miscell. dwelling services - - - 1 - - - - - - - -

12. Electricity, gas and other fuels - - - 1 - - - - - - - -

13. Furniture, furnishings, carpets etc - - - - 1 - - - - - - -

14. Household textiles - - - - 1 - - - - - - -

15. Household appliances - - - - 1 - - - - - - -

16. Glassware, tableware and household utensils - - - - 1 - - - - - - -

17. Tools and equipment for house and garden - - - - 1 - - - - - - -

18. Goods and services for routine household maint. - - - - 1 - - - - - - -

19. Medical products, appliances and equipment - - - - - 1 - - - - - -

20. Out-patient services - - - - - 1 - - - - - -

21. Hospital services - - - - - 1 - - - - - -

22. Purchase of vehicles - - - - - - 1 - - - - -

23. Operation of personal transport equipment - - - - - - 1 - - - - -

24. Transport services - - - - - - 1 - - - - -

25. Postal services - - - - - - - 1 - - - -

26. Telephone and telefax equipment - - - - - - - 1 - - - -

27. Telephone and telefax services - - - - - - - 1 - - - -

28. Audio-visual, photog. and info processing equip. - - - - - - - - 1 - - -

29. Other major durables for recreation and culture - - - - - - - - 1 - - -

30. Other recr. items and equip.t, gardens and pets - - - - - - - - 1 - - -

31. Recreational and cultural services - - - - - - - - 1 - - -

32. Newspapers, books and stationery - - - - - - - - 1 - - -

33. Package holidays - - - - - - - - 1 - - -

34. Education - - - - - - - - - 1 - -

35. Restaurants and hotels - - - - - - - - - - 1 -

36. Personal care - - - - - - - - - - - 1

37. Prostitution - - - - - - - - - - - 1

38. Personal effects n.e.c - - - - - - - - - - - 1

39. Social protection - - - - - - - - - - - 1

40. Insurance - - - - - - - - - - - 1

41. Financial services n.e.c. - - - - - - - - - - - 1

42. Other services n.e.c. - - - - - - - - - - - 1
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Table 9.5.5: B Matrix ‘Bridge’-Matrix (in shares)
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1. Agriculture 0.14 - - - - - - - 0.03 - - -

2. Forestry planting - - - - - - - - - - - -

3. Forestry harvesting - - - - - - - - - - - -

4. Fishing - - - - - - - - - - - -

5. Aquaculture - - - - - - - - - - - -

6. Coal & lignite - - - 0.01 - - - - - - - -

7. Oil & gas extraction, metal ores - - - - - - - - - - - -

8. Other mining - - - - - - - - - - - -

9. Mining Support - - - - - - - - - - - -

10. Meat processing 0.22 - - - - - - - - - - -

11. Fish & fruit processing 0.14 - - - - - - - - - - -

12. Dairy products, oils & fats processing 0.15 - - - - - - - - - - -

13. Grain milling & starch 0.03 - - - - - - - - - - -

14. Bakery & farinaceous 0.08 - - - - - - - - - - -

15. Other food 0.17 - - - - - - - - - - -

16. Animal feeds - - - - - - - - 0.03 - - -

17. Spirits & wines - 0.29 - - - - - - - - - -

18. Beer & malt - 0.02 - - - - - - - - - -

19. Soft Drinks 0.06 - - - - - - - - - - -

20. Tobacco - 0.44 - - - - - - - - - -

21. Textiles - - 0.04 - 0.21 - - - 0.01 - - -

22. Wearing apparel - - 0.78 - - - - - - - - -

23. Leather goods - - 0.15 - - - - - 0.01 - - -

24. Wood and wood products - - - - - - - - - - - -

25. Paper & paper products - - - - - - - - 0.01 - - 0.03

26. Printing and recording - - - - - - - - 0.02 - - -

27. Coke, petroleum & petrochemicals - - - 0.01 - - 0.20 - - - - -

28. Paints, varnishes and inks etc - - - - - - - - - - - -

29. Cleaning & toilet preparations - - - - 0.08 - - - - - - 0.09

30. Other chemicals - - - - - - - - 0.01 - - -

31. Inorganic chemicals, dyestuffs & agrochemicals - - - - - - - - 0.01 - - -

32. Pharmaceuticals - 0.26 - - - 0.26 - - - - - -

33. Rubber & Plastic - - - - 0.03 0.03 0.01 - 0.01 - - -

34. Cement lime & plaster - - - - - - - - - - - -

35. Glass, clay & stone etc - - - - 0.06 - - - - - - -

36. Iron & Steel - - - - - - - - - - - -

37. Other metals & casting - - - - - - - - - - - -

38. Fabricated metal - - - - 0.06 - - - - - - -

39. Computers, electronics & opticals - - - - - 0.06 - 0.05 0.16 - - -

40. Electrical equipment - - - - 0.15 - - - 0.02 - - 0.01

41. Machinery & equipment - - - - 0.01 - - - 0.02 - - -

42. Motor Vehicles - - - - - - 0.31 - 0.01 - - -

43. Other transport equipment - - - - - 0.02 0.02 - 0.04 - - -

44. Furniture - - - - 0.22 - - - - - - -

45. Other manufacturing - - 0.01 - 0.04 0.14 - - 0.09 - - 0.05
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B-Matrix (in shares) – continued from previous page
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46. Repair & maintenance - - - - - - - - - - - -

47. Electricity - - - 0.08 - - - - - - - -

48. Gas etc - - - 0.06 - - - - - - - -

49. Water and sewerage - - - 0.02 - - - - - - - -

50. Waste - - - 0.03 - - - - - - - -

51. Remediation & waste management - - - - - - - - - - - -

52. Construction - buildings - - - - - - - - - - - -

53. Construction - civil engineering - - - - - - - - - - - -

54. Construction - specialised - - - - - - - - - - - -

55. Wholesale & Retail - vehicles - - - - - - 0.12 - - - - -

56. Wholesale - excl vehicles - - - - - - - - - - - -

57. Retail - excl vehicles - - - - - - - - - - - -

58. Rail transport - - - - - - 0.03 - - - - -

59. Other land transport - - - - - - 0.08 - - - - -

60. Water transport - - - - - - 0.02 - - - - -

61. Air transport - - - - - - 0.09 - - - - -

62. Support services for transport - - - - - - 0.01 - - - - -

63. Post & courier - - - - - - - 0.10 - - - -

64. Accommodation - - - - - - - - - - 0.20 -

65. Food & beverage services - - - - - - - - - - 0.80 -

66. Publishing services - - - - - - - - 0.15 - - -

67. Film video & TV etc - - - - - - - - 0.04 - - -

68. Broadcasting - - - - - - - - 0.03 - - -

69. Telecommunications - - - - - - - 0.86 - - - -

70. Computer services - - - - - - - - - - - -

71. Information services - - - - - - - - - - - -

72. Financial services - - - - - - - - - - - 0.25

73. Insurance & pensions - - - - - - - - - - - 0.25

74. Auxiliary financial services - - - - - - - - - - - 0.02

75. Real estate - own - - - 0.77 - - - - - - - -

76. Imputed rent - - - - - - - - - - - -

77. Real estate - fee or contract - - - - - - - - - - - -

78. Legal activities - - - - - - - - - - - -

79. Accounting & tax services - - - - - - - - - - - -

80. Head office & consulting services - - - - - - - - - - - -

81. Architectural services etc - - - - - - - - - - - -

82. Research & development - - - - - - - - - - - -

83. Advertising & market research - - - - - - - - - - - -

84. Other professional services - - - - - - - - 0.01 - - -

85. Veterinary services - - - - - - - - 0.02 - - -

86. Rental and leasing services - - - - - - 0.08 - 0.02 - - -

87. Employment services - - - - - - - - - - - -

88. Travel & related services - - - - - - - - - - - -

89. Security & investigation - - - - - - - - - - - -

90. Building & landscape services - - - - - - - - - - - -

91. Business support services - - - - - - - - - - - -

92. Public administration & defence - - - - - 0.04 0.01 - - - - 0.01

Continued on next page
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B-Matrix (in shares) – continued from previous page
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93. Education - - - - - - - - - 1.00 - -

94. Health - - - - - 0.44 - - - - - 0.04

95. Residential care - - - - - - - - - - - 0.04

96. Social work - - - - - - - - - - - 0.04

97. Creative services - - - - - - - - 0.04 - - -

98. Cultural services - - - - - - - - 0.02 - - -

99. Gambling - - - - - - - - 0.10 - - -

100. Sports & recreation - - - - - - - - 0.07 - - -

101. Membership organisations - - - - - - 0.01 - - - - 0.02

102. Repairs - personal and household - - - - 0.02 - - - - - - 0.01

103. Other personal services - - 0.01 - - - - - - - - 0.13

104. Households as employers - - - - 0.11 - - - - - - -

Total 1 1 1 1 1 1 1 1 1 1 1 1
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Table 9.5.6: hhT -Matrix, Total Household Consumption Expenditure by HH Type, UK
level (in £m)

HH1 HH2 HH3 HH4 HH5 HH6 HH7 Total

1. Agriculture 0.34 0.28 0.20 0.03 0.15 0.15 0.06 1.21

2. Forestry planting - - - - - - - -

3. Forestry harvesting 0.01 - - - - - - 0.02

4. Fishing - - - - - - - 0.01

5. Aquaculture - - - - - - - 0.01

6. Coal & lignite 0.01 0.01 0.01 - 0.01 0.01 - 0.04

7. Oil & gas extraction, metal ores

8. Other mining - - - - - - - -

9. Mining Support

10. Meat processing 0.40 0.35 0.25 0.05 0.20 0.20 0.08 1.52

11. Fish & fruit processing 0.26 0.23 0.16 0.03 0.12 0.12 0.05 0.97

12. Dairy products, oils & fats processing 0.28 0.25 0.18 0.03 0.14 0.14 0.05 1.06

13. Grain milling & starch 0.06 0.05 0.04 0.01 0.03 0.03 0.01 0.23

14. Bakery & farinaceous 0.16 0.14 0.10 0.02 0.08 0.08 0.03 0.59

15. Other food 0.31 0.27 0.20 0.04 0.15 0.15 0.06 1.17
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...

90. Building & landscape services - - - - - - - -

91. Business support services 0.01 0.01 - - - - - 0.02

92. Public administration & defence 0.04 0.03 0.02 - 0.02 0.02 - 0.13

93. Education 0.19 0.25 0.03 0.01 0.12 0.12 0.05 0.77

94. Health 0.13 0.09 0.06 - 0.06 0.06 0.01 0.43

95. Residential care 0.04 0.05 0.02 - 0.02 0.02 0.01 0.16

96. Social work 0.05 0.05 0.02 - 0.02 0.02 0.01 0.18

97. Creative services 0.11 0.07 0.05 0.01 0.03 0.03 0.01 0.32

98. Cultural services 0.07 0.04 0.03 - 0.02 0.02 0.01 0.19

99. Gambling 0.27 0.18 0.12 0.01 0.08 0.08 0.03 0.78

100. Sports & recreation 0.20 0.13 0.08 0.01 0.06 0.06 0.02 0.56

101. Membership organisations 0.05 0.04 0.02 - 0.02 0.02 0.01 0.17

102. Repairs - personal and household 0.04 0.04 0.02 - 0.01 0.01 - 0.13

103. Other personal services 0.17 0.18 0.08 0.01 0.08 0.08 0.03 0.63

104. Households as employers 0.12 0.12 0.06 0.01 0.04 0.04 0.01 0.40

Total 16.47 12.12 7.20 0.90 6.45 6.45 2.18 51.77
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Table 9.5.7: hhF Matrix, Total Household Consumption Expenditure by HH Type (in
shares)

HH1 HH2 HH3 HH4 HH5 HH6 HH7

1. Agriculture 0.28 0.23 0.16 0.03 0.12 0.12 0.05

2. Forestry planting 0.26 0.23 0.17 0.03 0.13 0.13 0.05

3. Forestry harvesting 0.35 0.23 0.15 0.02 0.11 0.11 0.04

4. Fishing 0.26 0.23 0.17 0.03 0.13 0.13 0.05

5. Aquaculture 0.26 0.23 0.17 0.03 0.13 0.13 0.05

6. Coal & lignite 0.31 0.20 0.18 0.02 0.12 0.12 0.03

7. Oil & gas extraction, metal ores 0.31 0.24 0.14 0.02 0.12 0.12 0.04

8. Other mining 0.34 0.24 0.15 0.02 0.11 0.11 0.04

9. Mining Support 0.31 0.24 0.14 0.02 0.12 0.12 0.04

10. Meat processing 0.26 0.23 0.17 0.03 0.13 0.13 0.05

11. Fish & fruit processing 0.26 0.23 0.17 0.03 0.13 0.13 0.05

12. Dairy products, oils & fats processing 0.26 0.23 0.17 0.03 0.13 0.13 0.05

13. Grain milling & starch 0.26 0.23 0.17 0.03 0.13 0.13 0.05

14. Bakery & farinaceous 0.26 0.23 0.17 0.03 0.13 0.13 0.05

15. Other food 0.26 0.23 0.17 0.03 0.13 0.13 0.05
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...

90. Building & landscape services 0.30 0.31 0.16 0.02 0.09 0.09 0.03

91. Business support services 0.27 0.29 0.14 0.01 0.12 0.12 0.04

92. Public administration & defence 0.33 0.22 0.13 0.01 0.14 0.14 0.03

93. Education 0.25 0.33 0.04 0.01 0.15 0.15 0.07

94. Health 0.31 0.21 0.15 0.01 0.15 0.15 0.02

95. Residential care 0.27 0.29 0.14 0.01 0.12 0.12 0.04

96. Social work 0.27 0.29 0.14 0.01 0.12 0.12 0.04

97. Creative services 0.35 0.23 0.15 0.02 0.11 0.11 0.04

98. Cultural services 0.35 0.23 0.15 0.02 0.11 0.11 0.04

99. Gambling 0.35 0.23 0.15 0.02 0.11 0.11 0.04

100. Sports & recreation 0.35 0.23 0.15 0.02 0.11 0.11 0.04

101. Membership organisations 0.32 0.26 0.12 0.01 0.13 0.13 0.04

102. Repairs - personal and household 0.31 0.28 0.15 0.02 0.11 0.11 0.04

103. Other personal services 0.27 0.29 0.13 0.01 0.13 0.13 0.04

104. Households as employers 0.30 0.31 0.16 0.02 0.09 0.09 0.03

Average 0.31 0.24 0.14 0.02 0.12 0.12 0.04
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Table 9.5.8: HH Matrix, Disaggregated Household Account in the 2009 IxI Table for Scotland (in £million)

HH1 HH2 HH3 HH4 HH5 HH6 HH7 Total

1. Agriculture 210 171 121 20 91 91 35 739

2. Forestry planting 1 1 - - - - - 2

3. Forestry harvesting 8 5 3 - 2 2 1 22

4. Fishing 2 2 1 - 1 1 - 8

5. Aquaculture 1 1 1 - 1 1 - 4

6. Coal & lignite 1 1 1 - - - - 4

7. Oil & gas extraction, metal ores - - - - - - - -

8. Other mining 2 2 1 - 1 1 - 7

9. Mining Support 25 19 12 1 10 10 3 80

10. Meat processing 112 98 71 13 54 54 21 422

11. Fish & fruit processing 70 61 44 8 34 34 13 265

12. Dairy products, oils & fats processing 68 60 43 8 33 33 13 258

13. Grain milling & starch 5 5 3 1 3 3 1 20

14. Bakery & farinaceous 105 91 66 12 51 51 20 395

15. Other food 32 28 20 4 16 16 6 123

16. Animal feeds 9 6 4 - 3 3 1 25

17. Spirits & wines 72 42 31 7 30 30 10 222

18. Beer & malt 13 7 6 1 5 5 2 39

19. Soft Drinks 50 44 32 6 24 24 9 189

20. Tobacco - - - - - - - -

21. Textiles 47 45 23 3 16 16 5 155

22. Wearing apparel 50 35 17 3 23 23 13 163

23. Leather goods 9 6 3 - 4 4 2 28

24. Wood and wood products 23 17 11 1 8 8 3 70

25. Paper & paper products 4 4 2 - 2 2 1 14

26. Printing and recording 14 9 6 1 4 4 1 39

27. Coke, petroleum & petrochemicals 266 170 80 4 99 99 29 748

28. Paints, varnishes and inks etc 2 1 1 - 1 1 - 6

29. Cleaning & toilet preparations 9 9 4 - 3 3 1 30

30. Other chemicals 17 12 7 1 5 5 2 50

31. Inorganic chemicals, dyestuffs & agrochemicals 3 2 1 - 1 1 - 8

32. Pharmaceuticals 5 3 2 - 2 2 1 14

33. Rubber & Plastic 25 19 11 1 9 9 2 75

34. Cement lime & plaster 1 - - - - - - 2

35. Glass, clay & stone etc 14 14 7 1 4 4 1 45

36. Iron & Steel - - - - - - - -

37. Other metals & casting - - - - - - - -

38. Fabricated metal 29 28 15 2 9 9 3 94

39. Computers, electronics & opticals 55 36 24 3 17 17 6 159

40. Electrical equipment 13 13 7 1 4 4 1 43

41. Machinery & equipment 15 11 7 1 4 4 2 43

42. Motor Vehicles 75 48 22 1 28 28 8 210

43. Other transport equipment 78 51 30 3 26 26 8 223

44. Furniture 45 45 23 3 14 14 4 147

45. Other manufacturing 87 65 39 4 30 30 10 265

46. Repair & maintenance 23 18 11 1 9 9 3 73

47. Electricity 640 404 373 45 253 253 64 2032

48. Gas etc 175 110 102 12 69 69 18 555

49. Water and sewerage 304 192 177 21 120 120 31 966

50. Waste 5 3 3 - 2 2 - 14

51. Remediation & waste management - - - - - - - -

52. Construction - buildings 7 4 4 - 3 3 1 21

53. Construction - civil engineering 12 8 7 1 5 5 1 38

Continued on next page
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Disaggregated Household Account in the 2009 IxI Table for Scotland (in £million) – continued from previous page

HH1 HH2 HH3 HH4 HH5 HH6 HH7 Total

54. Construction - specialised 109 69 64 8 43 43 11 346

55. Wholesale & Retail - vehicles 292 186 85 5 109 109 32 818

56. Wholesale - excl vehicles 802 617 370 45 310 310 101 2556

57. Retail - excl vehicles 2614 2009 1206 147 1011 1011 329 8326

58. Rail transport 160 102 47 3 60 60 18 449

59. Other land transport 206 131 60 3 77 77 23 577

60. Water transport 55 35 16 1 21 21 6 155

61. Air transport 193 123 57 3 72 72 21 541

62. Support services for transport 20 13 6 - 7 7 2 57

63. Post & courier 24 17 12 2 10 10 4 77

64. Accommodation 397 251 119 15 152 152 52 1139

65. Food & beverage services 1115 705 335 42 428 428 145 3198

66. Publishing services 78 51 33 4 24 24 9 222

67. Film video & TV etc 50 33 21 2 15 15 5 142

68. Broadcasting 29 19 13 1 9 9 3 84

69. Telecommunications 293 209 143 25 118 118 45 950

70. Computer services 9 7 4 1 3 3 1 29

71. Information services 1 1 - - - - - 3

72. Financial services 168 181 84 7 77 77 24 618

73. Insurance & pensions 601 648 299 26 276 276 85 2211

74. Auxiliary financial services 20 22 10 1 9 9 3 74

75. Real estate - own 820 518 477 57 324 324 83 2603

76. Imputed rent 1991 1530 919 112 770 770 250 6342

77. Real estate - fee or contract 1 2 1 - 1 1 - 5

78. Legal activities 5 6 3 - 2 2 1 19

79. Accounting & tax services 1 1 - - - - - 3

80. Head office & consulting services 2 2 1 - 1 1 - 7

81. Architectural services etc 14 9 4 - 5 5 2 40

82. Research & development 1 1 1 - - - - 4

83. Advertising & market research - - - - - - - 1

84. Other professional services 8 5 3 - 2 2 1 22

85. Veterinary services 64 43 27 3 20 20 7 184

86. Rental and leasing services 92 59 29 2 33 33 10 258

87. Employment services 4 4 2 - 2 2 1 13

88. Travel & related services 29 18 8 - 11 11 3 80

89. Security & investigation 1 1 - - - - - 3

90. Building & landscape services 2 2 1 - 1 1 - 6

91. Business support services 7 8 4 - 3 3 1 26

92. Public administration & defence 128 86 52 4 53 53 13 388

93. Education 607 796 106 19 377 377 160 2,442

94. Health 369 250 179 11 179 179 29 1,196

95. Residential care 207 223 103 9 95 95 29 763

96. Social work 191 206 95 8 88 88 27 702

97. Creative services 69 45 29 3 21 21 8 196

98. Cultural services 68 45 29 3 21 21 7 194

99. Gambling 167 110 71 8 51 51 18 478

100. Sports & recreation 229 151 97 12 70 70 25 653

101. Membership organisations 85 67 31 2 34 34 10 264

102. Repairs - personal and household 18 16 8 1 6 6 2 58

103. Other personal services 243 255 118 11 112 112 37 887

104. Households as employers 72 73 37 5 22 22 6 238

Total 15,567 11,986 6,897 810 6,267 6,267 2,007 49,802
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Table 9.5.9: Estimated IncExp Accounts - Household type (in £million)

HOUSEHOLD 1

1. Income 29,499 8. Expenditure 29,499
2. Income from Employment 25,042 85% 9. IO Expenditure 23,359 79%
3. Profit Income (OVA) 170 1% 10. Payments to Corporations 1 0%
4. Income from Corporations 1,596 5% 11. Payments to Government 6,137 21%
5. Income from Government 1,162 4% 12. Transfers to RUK 1 0%
6. Transfers from RUK 693 2% 13. Transfers to ROW 1 0%
7. Transfers from ROW 836 3% 14. Payments to Capital - -%

HOUSEHOLD 2

1. Income 24,356 8. Expenditure 24,356
2. Income from Employment 19,762 81% 9. IO Expenditure 18,166 75%
3. Profit Income (OVA) 64 0% 10. Payments to Corporations 1 -%
4. Income from Corporations 575 2% 11. Payments to Government 6,188 25%
5. Income from Government 2,977 12% 12. Transfers to RUK - -%
6. Transfers from RUK 443 2% 13. Transfers to ROW - -%
7. Transfers from ROW 534 2% 14. Payments to Capital - -%

HOUSEHOLD 3

1. Income 10,074 8. Expenditure 10,074
2. Income from Employment 7 0% 9. IO Expenditure 9,852 98%
3. Profit Income (OVA) 72 1% 10. Payments to Corporations - -%
4. Income from Corporations 3,162 31% 11. Payments to Government 220 2%
5. Income from Government 6,595 65% 12. Transfers to RUK 1 0%
6. Transfers from RUK 108 1% 13. Transfers to ROW - -%
7. Transfers from ROW 130 1% 14. Payments to Capital - -%

HOUSEHOLD 4

1. Income 1,423 8. Expenditure 1,423
2. Income from Employment 890 63% 9. IO Expenditure 1,163 82%
3. Profit Income (OVA) - -% 10. Payments to Corporations - -%
4. Income from Corporations 16 1% 11. Payments to Government 260 18%
5. Income from Government 483 34% 12. Transfers to RUK - -%
6. Transfers from RUK 16 1% 13. Transfers to ROW - -%
7. Transfers from ROW 19 1% 14. Payments to Capital - -%

HOUSEHOLD 5

1. Income 10,968 8. Expenditure 10,968
2. Income from Employment 949 9% 9. IO Expenditure 9,436 86%
3. Profit Income (OVA) 171 2% 10. Payments to Corporations - -%
4. Income from Corporations 3,730 34% 11. Payments to Government 1,532 14%
5. Income from Government 5,517 50% 12. Transfers to RUK - -%
6. Transfers from RUK 272 2% 13. Transfers to ROW - -%
7. Transfers from ROW 329 3% 14. Payments to Capital - -%

HOUSEHOLD 6

1. Income 12,508 8. Expenditure 12,508
2. Income from Employment 9,663 77% 9. IO Expenditure 9,640 77%
3. Profit Income (OVA) 43 0% 10. Payments to Corporations - -%
4. Income from Corporations 693 6% 11. Payments to Government 2,867 23%
5. Income from Government 1,593 13% 12. Transfers to RUK - -%
6. Transfers from RUK 234 2% 13. Transfers to ROW - -%
7. Transfers from ROW 282 2% 14. Payments to Capital - -%

HOUSEHOLD 7

1. Income 4,236 8. Expenditure 4,236
2. Income from Employment 3,429 81% 9. IO Expenditure 3,053 72%
3. Profit Income (OVA) 9 0% 10. Payments to Corporations - -%
4. Income from Corporations 77 2% 11. Payments to Government 1,183 28%
5. Income from Government 560 13% 12. Transfers to RUK - -%
6. Transfers from RUK 73 2% 13. Transfers to ROW - -%
7. Transfers from ROW 88 2% 14. Payments to Capital - -%

HOUSEHOLD TOTAL

1. Income 93,063 8. Expenditure 93,063
2. Income from Employment 59,741 64% 9. IO Expenditure 74,669 80%
3. Profit Income (OVA) 529 1% 10. Payments to Corporations 3 0%
4. Income from Corporations 9,848 11% 11. Payments to Government 18,387 20%
5. Income from Government 18,887 20% 12. Transfers to RUK 2 0%
6. Transfers from RUK 1,839 2% 13. Transfers to ROW 1 0%
7. Transfers from ROW 2,219 2% 14. Payments to Capital 1 0%
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Table 9.5.10: Comparison: IncExp Accounts - Household type (in £million)

SAM HOUSEHOLD ACCOUNT TOTAL

1. Income 107,877 8. Expenditure 107,877
2. Income from Employment 63,561 59% 9. IO Expenditure 74,669 69%
3. Profit Income (OVA) 5,289 5% 10. Payments to Corporations 6,401 6%
4. Income from Corporations 15,103 14% 11. Payments to Government 21,379 20%
5. Income from Government 19,835 18% 12. Transfers to RUK 238 0%
6. Transfers from RUK 1,853 2% 13. Transfers to ROW 119 0%
7. Transfers from ROW 2,237 2% 14. Payments to Capital 5,070 5%
ESTIMATED HOUSEHOLD ACCOUNT TOTAL

1. Income 93,063 8. Expenditure 93,063
2. Income from Employment 59,741 64% 9. IO Expenditure 74,669 80%
3. Profit Income (OVA) 529 1% 10. Payments to Corporations 3 0%
4. Income from Corporations 9,848 11% 11. Payments to Government 18,387 20%
5. Income from Government 18,887 20% 12. Transfers to RUK 2 0%
6. Transfers from RUK 1,839 2% 13. Transfers to ROW 1 0%
7. Transfers from ROW 2,219 2% 14. Payments to Capital 1 0%
VARIATION

1. Income -14,814 8. Expenditure -14,814
2. Income from Employment -3,820 9. IO Expenditure 0
3. Profit Income (OVA) -4,760 10. Payments to Corporations -6,398
4. Income from Corporations -5,254 11. Payments to Government -2,992
5. Income from Government -947 12. Transfers to RUK -236
6. Transfers from RUK -15 13. Transfers to ROW -118
7. Transfers from ROW -18 14. Payments to Capital -5,069
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Table 9.5.11: Shares IncExp Accounts - Household type

HOUSEHOLD 1

1. Income 0.32 8. Expenditure 0.32
2. Income from Employment 0.42 9. IO Expenditure 0.31
3. Profit Income (OVA) 0.32 10. Payments to Corporations 0.48
4. Income from Corporations 0.16 11. Payments to Government 0.33
5. Income from Government 0.06 12. Transfers to RUK 0.47
6. Transfers from RUK 0.38 13. Transfers to ROW 0.47
7. Transfers from ROW 0.38 14. Payments to Capital 0.49

HOUSEHOLD 2

1. Income 0.26 8. Expenditure 0.26
2. Income from Employment 0.33 9. IO Expenditure 0.24
3. Profit Income (OVA) 0.12 10. Payments to Corporations 0.32
4. Income from Corporations 0.06 11. Payments to Government 0.34
5. Income from Government 0.16 12. Transfers to RUK 0.13
6. Transfers from RUK 0.24 13. Transfers to ROW 0.13
7. Transfers from ROW 0.24 14. Payments to Capital 0.27

HOUSEHOLD 3

1. Income 0.11 8. Expenditure 0.11
2. Income from Employment 0.00 9. IO Expenditure 0.13
3. Profit Income (OVA) 0.14 10. Payments to Corporations 0.02
4. Income from Corporations 0.32 11. Payments to Government 0.01
5. Income from Government 0.35 12. Transfers to RUK 0.21
6. Transfers from RUK 0.06 13. Transfers to ROW 0.21
7. Transfers from ROW 0.06 14. Payments to Capital 0.07

HOUSEHOLD 4

1. Income 0.02 8. Expenditure 0.02
2. Income from Employment 0.01 9. IO Expenditure 0.02
3. Profit Income (OVA) 0.00 10. Payments to Corporations 0.00
4. Income from Corporations 0.00 11. Payments to Government 0.01
5. Income from Government 0.03 12. Transfers to RUK 0.06
6. Transfers from RUK 0.01 13. Transfers to ROW 0.06
7. Transfers from ROW 0.01 14. Payments to Capital 0.02

HOUSEHOLD 5

1. Income 0.12 8. Expenditure 0.12
2. Income from Employment 0.02 9. IO Expenditure 0.13
3. Profit Income (OVA) 0.32 10. Payments to Corporations 0.00
4. Income from Corporations 0.38 11. Payments to Government 0.08
5. Income from Government 0.29 12. Transfers to RUK 0.02
6. Transfers from RUK 0.15 13. Transfers to ROW 0.02
7. Transfers from ROW 0.15 14. Payments to Capital 0.00

HOUSEHOLD 6

1. Income 0.13 8. Expenditure 0.13
2. Income from Employment 0.16 9. IO Expenditure 0.13
3. Profit Income (OVA) 0.08 10. Payments to Corporations 0.13
4. Income from Corporations 0.07 11. Payments to Government 0.16
5. Income from Government 0.08 12. Transfers to RUK 0.11
6. Transfers from RUK 0.13 13. Transfers to ROW 0.11
7. Transfers from ROW 0.13 14. Payments to Capital 0.09

HOUSEHOLD 7

1. Income 0.05 8. Expenditure 0.05
2. Income from Employment 0.06 9. IO Expenditure 0.04
3. Profit Income (OVA) 0.02 10. Payments to Corporations 0.04
4. Income from Corporations 0.01 11. Payments to Government 0.06
5. Income from Government 0.03 12. Transfers to RUK 0.01
6. Transfers from RUK 0.04 13. Transfers to ROW 0.01
7. Transfers from ROW 0.04 14. Payments to Capital 0.06

HOUSEHOLD TOTAL

1. Income 1.00 8. Expenditure 1.00
2. Income from Employment 1.00 9. IO Expenditure 1.00
3. Profit Income (OVA) 1.00 10. Payments to Corporations 1.00
4. Income from Corporations 1.00 11. Payments to Government 1.00
5. Income from Government 1.00 12. Transfers to RUK 1.00
6. Transfers from RUK 1.00 13. Transfers to ROW 1.00
7. Transfers from ROW 1.00 14. Payments to Capital 1.00
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Table 9.5.12: Disaggregated IncExp Accounts - Household type (in £million)

HOUSEHOLD 1

1. Income 36,206 8. Expenditure 36,206
2. Income from Employment 26,643 74% 9. IO Expenditure 23,359 65%
3. Profit Income (OVA) 1,698 5% 10. Payments to Corporations 3,047 8%
4. Income from Corporations 5,103 14% 11. Payments to Government 7,135 20%
5. Income from Government 1,220 3% 12. Transfers to RUK 112 0%
6. Transfers from RUK 699 2% 13. Transfers to ROW 56 0%
7. Transfers from ROW 843 2% 14. Payments to Capital 2,497 7%

HOUSEHOLD 2

1. Income 28,834 8. Expenditure 28,834
2. Income from Employment 21,026 73% 9. IO Expenditure 18,166 63%
3. Profit Income (OVA) 644 2% 10. Payments to Corporations 2,043 7%
4. Income from Corporations 3,053 11% 11. Payments to Government 7,195 25%
5. Income from Government 3,126 11% 12. Transfers to RUK 31 0%
6. Transfers from RUK 446 2% 13. Transfers to ROW 15 0%
7. Transfers from ROW 539 2% 14. Payments to Capital 1,384 5%

HOUSEHOLD 3

1. Income 10,664 8. Expenditure 10,664
2. Income from Employment 7 0% 9. IO Expenditure 9,852 92%
3. Profit Income (OVA) 718 7% 10. Payments to Corporations 150 1%
4. Income from Corporations 2,773 26% 11. Payments to Government 256 2%
5. Income from Government 6,926 65% 12. Transfers to RUK 50 0%
6. Transfers from RUK 108 1% 13. Transfers to ROW 25 0%
7. Transfers from ROW 131 1% 14. Payments to Capital 331 3%

HOUSEHOLD 4

1. Income 1,604 8. Expenditure 1,604
2. Income from Employment 947 59% 9. IO Expenditure 1,163 72%
3. Profit Income (OVA) - -% 10. Payments to Corporations 10 1%
4. Income from Corporations 116 7% 11. Payments to Government 302 19%
5. Income from Government 507 32% 12. Transfers to RUK 14 1%
6. Transfers from RUK 16 1% 13. Transfers to ROW 7 0%
7. Transfers from ROW 19 1% 14. Payments to Capital 109 7%

HOUSEHOLD 5

1. Income 11,266 8. Expenditure 11,266
2. Income from Employment 1,009 9% 9. IO Expenditure 9,436 84%
3. Profit Income (OVA) 1,710 15% 10. Payments to Corporations 24 0%
4. Income from Corporations 2,147 19% 11. Payments to Government 1,781 16%
5. Income from Government 5,794 51% 12. Transfers to RUK 4 0%
6. Transfers from RUK 275 2% 13. Transfers to ROW 2 0%
7. Transfers from ROW 331 3% 14. Payments to Capital 19 0%

HOUSEHOLD 6

1. Income 14,314 8. Expenditure 14,314
2. Income from Employment 10,280 72% 9. IO Expenditure 9,640 67%
3. Profit Income (OVA) 430 3% 10. Payments to Corporations 856 6%
4. Income from Corporations 1,410 10% 11. Payments to Government 3,333 23%
5. Income from Government 1,673 12% 12. Transfers to RUK 27 0%
6. Transfers from RUK 236 2% 13. Transfers to ROW 14 0%
7. Transfers from ROW 284 2% 14. Payments to Capital 444 3%

HOUSEHOLD 7

1. Income 4,989 8. Expenditure 4,989
2. Income from Employment 3,648 73% 9. IO Expenditure 3,053 61%
3. Profit Income (OVA) 88 2% 10. Payments to Corporations 271 5%
4. Income from Corporations 501 10% 11. Payments to Government 1,376 28%
5. Income from Government 589 12% 12. Transfers to RUK 2 0%
6. Transfers from RUK 74 1% 13. Transfers to ROW 1 0%
7. Transfers from ROW 89 2% 14. Payments to Capital 287 6%

HOUSEHOLD TOTAL

1. Income 107,877 8. Expenditure 107,877
2. Income from Employment 63,561 59% 9. IO Expenditure 74,669 69%
3. Profit Income (OVA) 5,289 5% 10. Payments to Corporations 6,401 6%
4. Income from Corporations 15,103 14% 11. Payments to Government 21,379 20%
5. Income from Government 19,835 18% 12. Transfers to RUK 238 0%
6. Transfers from RUK 1,853 2% 13. Transfers to ROW 119 0%
7. Transfers from ROW 2,237 2% 14. Payments to Capital 5,070 5%
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9.6 Appendix 5

Type I Output Multiplier

The Type I output multiplier (the “simple output multiplier”) enables the estimation

of knock-on effects throughout the economy of a change in final demand (Miller & Blair,

2009). The data used for this multiplier are the inter-industry linkages in the IxI table.

That is the matrix made up of only the rows and columns of the inter-industry flows

(see Figure below). It must be noted that the IxI, and thereby also the SAM tables,

used for the calculations contain no data for industries 7 (Oil & gas extraction, metal

ores) and 20 (Tobacco). Thus the total number of industries used here is 102, rather

than the full 104 industries (under SIC 2007 code).

The first step in deriving IO multipliers is to construct the technical coefficient ma-

trix, also referred to as the A-matrix. This matrix is calculated by dividing each entry

of the inter-industry flows of the IO Tables by the relevant column total, i.e. the total

expenditure in each sector (Miller & Blair, 2009). Following the calculation outlined

below, the Leontief Inverse is calculated. The column-sums of which are the output

multiplier for each sector. Below is a brief outline of how the A-matrix of technical

coefficients and the Leontief Inverse are derived.

First, the individual column entries of the inter-industry flows from the IO tables

are divided by the relevant column total. For example, the first sector in the 2009

Scottish IxI table is Agriculture. The figure for the inter-industry flow from Agriculture to

Agriculture is £339m and the column total (“Total output at basic prices”) for Agriculture

is £2,584.3m. This results in the technical coefficient being estimated at 0.131 (this

figure corresponds to the a11 in the equation below). Note that the A-matrix below is

also labelled as AII . The capital i’s here are for the industry-by-industry coefficients.

A =


a1,1 · · · a1,j

...
. . .

...

ai,1 · · · ai,j


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The next step in order to be able to calculate the Leontief Inverse, is to construct the

(I − A)-matrix. This matrix simply uses an identity matrix and subtracts the A-matrix

from it. The resultant matrix from this calculation has positive values on the diagonal

(i.e. the inter-industry flow entries for the individual sectors between themselves). All

other entries are negative. Following the example above, the identity matrix gives the

value 1 for the Agriculture-Agriculture entry. This is then subtracted by the technical

coefficient a11 at 0.131. The (I−A)-matrix entry (corresponding to 1−a11) is calculated

at 0.869.

I =


1 · · · 0

...
. . .

...

0 · · · 1



I −A =


1− a1,1 · · · 0− a1,j

...
. . .

...

0− ai,1 · · · 1− ai,j



The last step for the calculation of the Leontief Inverse is inverting the (I − A)-

matrix, thus deriving L = (I −A)−1. The value for the Agriculture-Agriculture entry for

the Leontief Inverse is calculated at 1.156 for the Type I output multiplier.

L = (I −A)−1 = Inverse


1− a1,1 · · · 0− a1,j

...
. . .

...

0− ai,1 · · · 1− ai,j



The total output multiplier for the Agriculture sector is computed at 1.608 (see Table

9.6.1). The Type I output multiplier gives the total value of production for all sectors

required to satisfy a £1m increase in one sector. The Type I incorporates two distinct

output effects. First, the direct effect shows the increase in production needed in sector

i to satisfy the initial increase in final demand of £1m in sector i’s output. Second, the
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indirect effect gives the increase in output that is generated as linkage effects in the

production of intermediate inputs (Miller & Blair, 2009).

For example, if the final demand of the agriculture sector increases by £1m then the

direct effect is a £1m increase in the Agriculture sector output (to satisfy the increase in

final demand). The indirect effect is the additional output response by all other sectors,

including the agriculture sector, to the initial shock. This second effect highlights the

interdependencies of the various sectors in order to satisfy a final demand increase in

one sector (Miller & Blair, 2009).

These multiplier effects are observed since sectors buy/sell intermediate inputs

to one another. Therefore increase in sales in one sector increases output in others,

this imposes a linear relationship between demand and output. IO analysis shows

that, first, all output can be attributed to final demand, since all intermediate demand

is endogenised. Second, as outlined above, multipliers show how a change in final

demand results in the change in vector of outputs. The sum of these changes gives

the value of the respective multiplier (Miller & Blair, 2009).
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Output Multiplier

Type II

Type I Miller&Blair Batey1 Batey2 SAM

1. Agriculture 1.608 1.996 1.918 1.802 1.964
2. Forestry planting 1.615 2.111 2.011 1.863 1.972
3. Forestry harvesting 1.961 2.517 2.405 2.239 2.367
4. Fishing 1.611 1.995 1.918 1.803 1.933

5. Aquaculture 1.625 1.956 1.890 1.790 1.916
6. Coal & lignite 1.671 2.118 2.028 1.894 1.983
8. Other mining 1.435 1.985 1.874 1.709 1.786
9. Mining Support 1.501 1.858 1.786 1.679 1.847

10. Meat processing 1.917 2.410 2.311 2.163 2.250
11. Fish & fruit processing 1.695 2.229 2.122 1.962 2.044
12. Dairy products, oils & fats processing 1.923 2.478 2.366 2.200 2.300
13. Grain milling & starch 1.803 2.300 2.200 2.051 2.134

14. Bakery & farinaceous 1.426 2.088 1.955 1.756 1.840
15. Other food 1.609 2.189 2.072 1.898 1.980
16. Animal feeds 1.589 2.086 1.986 1.837 1.897
17. Spirits & wines 1.299 1.779 1.682 1.538 1.694

18. Beer & malt 1.367 1.814 1.724 1.590 1.746
19. Soft Drinks 1.493 2.057 1.944 1.774 1.872
21. Textiles 1.436 2.110 1.974 1.772 1.830
22. Wearing apparel 1.465 2.241 2.085 1.852 1.907

23. Leather goods 1.497 2.137 2.008 1.816 1.890
24. Wood and wood products 1.801 2.481 2.345 2.140 2.223
25. Paper & paper products 1.662 2.210 2.100 1.936 2.010
26. Printing and recording 1.378 2.232 2.060 1.804 1.883

27. Coke, petroleum & petrochemicals 1.204 1.312 1.290 1.258 1.321
28. Paints, varnishes and inks etc 1.421 1.972 1.861 1.696 1.756
29. Cleaning & toilet preparations 1.460 2.203 2.054 1.831 1.895
30. Other chemicals 1.251 2.099 1.928 1.674 1.765

31. Inorganic chemicals, dyestuffs & agrochemicals 1.314 1.939 1.814 1.626 1.716
32. Pharmaceuticals 1.349 2.018 1.884 1.683 1.776
33. Rubber & Plastic 1.491 2.266 2.110 1.878 1.948
34. Cement lime & plaster 1.594 2.257 2.124 1.925 1.997

35. Glass, clay & stone etc 1.473 2.207 2.059 1.839 1.915
36. Iron & Steel 1.401 2.067 1.933 1.734 1.803
37. Other metals & casting 1.449 2.032 1.915 1.740 1.831
38. Fabricated metal 1.481 2.251 2.096 1.865 1.941

39. Computers, electronics & opticals 1.416 1.980 1.866 1.697 1.767
40. Electrical equipment 1.483 2.183 2.042 1.832 1.896
41. Machinery & equipment 1.519 2.304 2.146 1.911 1.983
42. Motor Vehicles 1.515 2.178 2.045 1.846 1.907

43. Other transport equipment 1.647 2.264 2.140 1.955 2.026
44. Furniture 1.574 2.284 2.141 1.928 1.999
45. Other manufacturing 1.403 2.301 2.121 1.851 1.913
46. Repair & maintenance 1.427 2.164 2.016 1.795 1.877

47. Electricity 2.053 2.405 2.335 2.229 2.345
48. Gas etc 1.260 1.544 1.487 1.401 1.482
49. Water and sewerage 1.287 1.733 1.643 1.509 1.708
50. Waste 1.493 2.195 2.054 1.843 1.941

51. Remediation & waste management 2.780 3.343 3.230 3.061 3.214
52. Construction - buildings 1.766 2.401 2.273 2.083 2.200
53. Construction - civil engineering 1.731 2.450 2.305 2.090 2.202
54. Construction - specialised 1.530 2.288 2.136 1.908 2.020

55. Wholesale & Retail - vehicles 1.335 2.116 1.959 1.725 1.815
56. Wholesale - excl vehicles 1.521 2.253 2.106 1.886 1.990
57. Retail - excl vehicles 1.352 2.139 1.981 1.745 1.858
58. Rail transport 1.764 2.582 2.418 2.172 2.265

59. Other land transport 1.400 2.033 1.906 1.716 1.810
Continued on next page
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Table Appendix 5B – continued from previous page

Type II

Type I Miller&Blair Batey1 Batey2 SAM
60. Water transport 1.657 2.138 2.042 1.897 1.980
61. Air transport 1.467 1.920 1.829 1.693 1.792
62. Support services for transport 1.541 2.195 2.063 1.867 1.994

63. Post & courier 1.278 2.351 2.135 1.813 1.893
64. Accommodation 1.352 2.065 1.922 1.708 1.814
65. Food & beverage services 1.362 2.082 1.937 1.721 1.816
66. Publishing services 1.279 2.140 1.967 1.709 1.790

67. Film video & TV etc 1.454 2.100 1.970 1.777 1.869
68. Broadcasting 1.386 2.043 1.911 1.714 1.819
69. Telecommunications 1.393 2.067 1.931 1.729 1.859
70. Computer services 1.250 2.115 1.941 1.682 1.789

71. Information services 1.185 1.987 1.826 1.585 1.719
72. Financial services 1.222 1.785 1.671 1.503 1.665
73. Insurance & pensions 1.859 2.359 2.258 2.108 2.234
74. Auxiliary financial services 1.282 2.138 1.966 1.709 1.796

75. Real estate - own 1.465 1.768 1.707 1.616 1.817
76. Imputed rent 1.151 1.220 1.206 1.186 1.387
77. Real estate - fee or contract 1.503 2.198 2.059 1.850 1.971
78. Legal activities 1.241 2.069 1.903 1.655 1.781

79. Accounting & tax services 1.202 2.118 1.934 1.659 1.786
80. Head office & consulting services 1.391 2.267 2.091 1.828 1.914
81. Architectural services etc 1.437 2.239 2.078 1.838 1.953
82. Research & development 1.423 2.534 2.311 1.977 2.057

83. Advertising & market research 1.250 2.019 1.864 1.634 1.772
84. Other professional services 1.330 2.039 1.896 1.684 1.801
85. Veterinary services 1.364 2.197 2.029 1.780 1.918
86. Rental and leasing services 1.324 1.911 1.793 1.617 1.751

87. Employment services 1.301 2.351 2.140 1.825 1.918
88. Travel & related services 1.520 1.936 1.852 1.728 1.786
89. Security & investigation 1.155 2.378 2.132 1.765 1.853
90. Building & landscape services 1.388 2.329 2.140 1.857 1.964

91. Business support services 1.285 1.985 1.844 1.634 1.769
92. Public administration & defence 1.410 2.240 2.073 1.824 1.903
93. Education 1.189 2.478 2.219 1.832 1.914
94. Health 1.362 2.290 2.103 1.825 1.902

95. Residential care 1.320 2.330 2.127 1.824 1.950
96. Social work 1.236 2.496 2.242 1.864 1.959
97. Creative services 1.474 2.398 2.212 1.935 2.005
98. Cultural services 1.356 2.382 2.176 1.868 1.948

99. Gambling 1.414 1.933 1.828 1.673 1.822
100. Sports & recreation 1.407 2.332 2.146 1.869 1.950
101. Membership organisations 1.436 2.329 2.150 1.882 1.970
102. Repairs - personal and household 1.357 2.121 1.967 1.738 1.822

103. Other personal services 1.233 1.947 1.804 1.590 1.732
104. Households as employers 1.000 2.405 2.122 1.701 1.799

Summary statistics

Mean 1.465 2.156 2.017 1.810 1.910
Min 1.000 1.220 1.206 1.186 1.321
Max 2.780 3.343 3.230 3.061 3.214
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9.7 Appendix 6

Table 9.7.1: Total Final Demand by 25 Sectors - 2009 Scottish SAM in £m

1. Agriculture, forestry and fishing 3,398

2. Mining 6,320

3. Food, drink and tobacco 8,456

4. Textile, leather, wood & paper 3,101

5. Chemicals 6,676

6. Rubber, plastic, cement and iron 2,171

7. Computer, electrical and transp. equip. 15,018

8. Electricity, gas and water 12,632

9. Construction 19,227

10. Wholesale and retail 18,846

11. Land transport 3,869

12. Water transport 671

13. Air Transport 1,183

14. Post and support transport services 4,564

15. Accommodation 2,291

16. Food & beverage services 3,951

17. Telecommunication 3,817

18. Computer and information services 2,082

19. Financial services 18,592

20. Real estate 11,091

21. professional services 17,400

22. Research and development 593

23. Public administration 39,923

24. Recreational services 2,861

25. Other services 2,188

Total 210,920

Average 8,437
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Table 9.7.2: Total Exogenous Demand by 25 Sectors - 2009 Scottish SAM in £m

1. Agriculture, forestry and fishing 1,015

2. Mining 5,176

3. Food, drink and tobacco 4,709

4. Textile, leather, wood and paper 1,180

5. Chemicals 4,139

6. Rubber, plastic, cement and iron 619

7. Computer, electrical and transp. equip. 7,522

8. Electricity, gas and water 2,541

9. Construction 11,764

10. Wholesale and retail 3,889

11. Land transport 644

12. Water transport 340

13. Air Transport 329

14. Post and support transport services 982

15. Accommodation 672

16. Food & beverage services 375

17. Telecommunication 780

18. Computer and information services 1,359

19. Financial services 10,300

20. Real estate 608

21. Professional services 7,389

22. Research and development 349

23. Public administration 6,795

24. Recreational services 337

25. Other services 136

Total 73,949
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Table 9.7.3: Base year employment by 25 Sectors (thousands FTE)

1. Agriculture, forestry and fishing 51,467

2. Mining 24,763

3. Food, drink and tobacco 46,079

4. Textile, leather, wood and paper 30,497

5. Chemicals 9,652

6. Rubber, plastic, cement and iron 15,979

7. Computer, electrical and transp. equip. 93,751

8. Electricity, gas and water 33,030

9. Construction 170,528

10. Wholesale and retail 307,936

11. Land transport 51,642

12. Water transport 2,569

13. Air Transport 3,985

14. Post and support transport services 46,183

15. Accommodation 47,245

16. Food & beverage services 91,343

17. Telecommunication 35,639

18. Computer and information services 30,765

19. Financial services 86,289

20. Real estate 25,992

21. Professional services 305,218

22. Research and development 8,030

23. Public administration 610,655

24. Recreational services 53,918

25. Other services 46,774
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Table 9.7.4: Employment-Output Coefficient

1. Agriculture, forestry and fishing 15.14

2. Mining 3.92

3. Food, drink and tobacco 5.45

4. Textile, leather, wood and paper 9.83

5. Chemicals 1.45

6. Rubber, plastic, cement and iron 7.36

7. Computer, electrical and transp. equip. 6.24

8. Electricity, gas and water 2.61

9. Construction 8.87

10. Wholesale and retail 16.34

11. Land transport 13.35

12. Water transport 3.83

13. Air Transport 3.37

14. Post and support transport services 10.12

15. Accomodation 20.62

16. Food & beverage services 23.12

17. Telecomunication 9.34

18. Computer and information services 14.77

19. Financial services 4.64

20. Real estate 2.34

21. Professional services 17.54

22. Research and development 13.55

23. Public administration 15.30

24. Recreational services 18.85

25. Other services 21.37
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Figure 9.7.1: SAM Model Comparison: Indirect and Induced Employment Effects -
“Food, drink and tobacco” Sector Shock
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Table 9.7.5:
Government Endogenised Multiplier - Scotland Act 2012
£500m External Demand Shock on the “Food, drink and tobacco” Sector

Indirect & Induced Indirect & Induced %age Change

Output Effect Employment Effect to SAM

1. Agriculture, forestry and fishing 72.01 1090.64 2.12%

2. Mining 3.01 11.79 0.05%

3. Food, drink and tobacco 49.68 270.69 0.59%

4. Textile, leather, wood and paper 12.49 122.85 0.40%

5. Chemicals 12.28 17.75 0.18%

6. Rubber, plastic, cement and iron 12.60 92.76 0.58%

7. Computer, electrical and transp. equip. 27.97 174.62 0.19%

8. Electricity, gas and water 36.75 96.09 0.29%

9. Construction 11.14 98.81 0.06%

10. Wholesale and retail 60.34 985.89 0.32%

11. Land transport 18.30 244.29 0.47%

12. Water transport 0.90 3.43 0.13%

13. Air Transport 2.48 8.36 0.21%

14. Post and support transport services 11.45 115.88 0.25%

15. Accommodation 4.62 95.24 0.20%

16. Food & beverage services 11.11 256.89 0.28%

17. Telecommunication 8.79 82.06 0.23%

18. Computer and information services 2.23 32.96 0.11%

19. Financial services 22.44 104.16 0.12%

20. Real estate 30.38 71.19 0.27%

21. Professional services 32.24 565.47 0.19%

22. Research and development 0.85 11.47 0.14%

23. Public administration 55.20 844.32 0.14%

24. Recreational services 6.91 130.32 0.24%

25. Other services 5.75 122.96 0.26%

Total 511.92 5650.87 8.03%

Average 20.48 226.03 0.32%
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Table 9.7.6:
Government Endogenised Multiplier - Scotland Bill
£500m External Demand Shock on the “Food, drink and tobacco” Sector

Indirect & Induced Indirect & Induced %age Change

Output Effect Employment Effect to SAM

1. Agriculture, forestry and fishing 72.33 1095.43 2.13%

2. Mining 3.12 12.22 0.05%

3. Food, drink and tobacco 50.37 274.45 0.60%

4. Textile, leather, wood and paper 12.79 125.74 0.41%

5. Chemicals 12.78 18.48 0.19%

6. Rubber, plastic, cement and iron 12.76 93.91 0.59%

7. Computer, electrical and transp. equip. 29.13 181.82 0.19%

8. Electricity, gas and water 38.82 101.50 0.31%

9. Construction 11.87 105.27 0.06%

10. Wholesale and retail 63.31 1034.50 0.34%

11. Land transport 18.92 252.60 0.49%

12. Water transport 0.94 3.61 0.14%

13. Air Transport 2.64 8.88 0.22%

14. Post and support transport services 11.99 121.31 0.26%

15. Accommodation 4.99 103.01 0.22%

16. Food & beverage services 11.90 275.22 0.30%

17. Telecommunication 9.41 87.89 0.25%

18. Computer and information services 2.36 34.86 0.11%

19. Financial services 23.78 110.35 0.13%

20. Real estate 32.60 76.40 0.29%

21. Professional services 33.88 594.26 0.19%

22. Research and development 0.91 12.39 0.15%

23. Public administration 76.04 1163.17 0.19%

24. Recreational services 7.63 143.87 0.27%

25. Other services 6.23 133.07 0.28%

Total 551.51 6164.24 8.37%

Average 22.06 246.57 0.33%
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Table 9.7.7:
Government Endogenised Multiplier - Fiscal Devolution
£500m External Demand Shock on the “Food, drink and tobacco” Sector

Indirect & Induced Indirect & Induced %age Change

Output Effect Employment Effect to SAM

1. Agriculture, forestry and fishing 73.51 1113.30 2.16%

2. Mining 3.45 13.54 0.05%

3. Food, drink and tobacco 52.89 288.20 0.63%

4. Textile, leather, wood and paper 13.67 134.42 0.44%

5. Chemicals 14.25 20.60 0.21%

6. Rubber, plastic, cement and iron 13.23 97.36 0.61%

7. Computer, electrical and transp. equip. 32.24 201.27 0.21%

8. Electricity, gas and water 45.01 117.70 0.36%

9. Construction 14.07 124.81 0.07%

10. Wholesale and retail 74.04 1209.74 0.39%

11. Land transport 20.81 277.77 0.54%

12. Water transport 1.11 4.24 0.17%

13. Air Transport 3.17 10.68 0.27%

14. Post and support transport services 13.64 137.99 0.30%

15. Accommodation 6.18 127.53 0.27%

16. Food & beverage services 14.66 338.87 0.37%

17. Telecommunication 11.39 106.33 0.30%

18. Computer and information services 2.69 39.78 0.13%

19. Financial services 28.29 131.32 0.15%

20. Real estate 40.78 95.56 0.37%

21. Professional services 38.15 669.15 0.22%

22. Research and development 1.06 14.32 0.18%

23. Public administration 114.90 1757.53 0.29%

24. Recreational services 9.43 177.74 0.33%

25. Other services 7.77 166.07 0.36%

Total 650.38 7375.82 9.37%

Average 26.02 295.03 0.37%
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Figure 9.7.2: SAM Model Comparison: Indirect and Induced Employment Effects -
“Public Administration” Sector Shock
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Table 9.7.8:
Government Endogenised Multiplier - Scotland Act 2012
£500m External Demand Shock on the “Public Administration” Sector

Indirect & Induced Indirect & Induced %age Change

Output Effect Employment Effect to SAM

1. Agriculture, forestry and fishing 6.41 97.11 0.19%

2. Mining 2.41 9.43 0.04%

3. Food, drink and tobacco 14.25 77.65 0.17%

4. Textile, leather, wood and paper 6.90 67.87 0.22%

5. Chemicals 12.24 17.70 0.18%

6. Rubber, plastic, cement and iron 3.67 27.00 0.17%

7. Computer, electrical and transp. equip. 28.52 178.03 0.19%

8. Electricity, gas and water 38.00 99.35 0.30%

9. Construction 16.84 149.34 0.09%

10. Wholesale and retail 62.03 1013.58 0.33%

11. Land transport 14.58 194.64 0.38%

12. Water transport 0.98 3.77 0.15%

13. Air Transport 3.29 11.08 0.28%

14. Post and support transport services 12.42 125.70 0.27%

15. Accommodation 8.64 178.29 0.38%

16. Food & beverage services 17.03 393.70 0.43%

17. Telecommunication 13.83 129.17 0.36%

18. Computer and information services 2.94 43.50 0.14%

19. Financial services 29.12 135.16 0.16%

20. Real estate 45.78 107.29 0.41%

21. Professional services 40.10 703.41 0.23%

22. Research and development 1.86 25.26 0.31%

23. Public administration 106.51 1629.18 0.27%

24. Recreational services 9.86 185.79 0.34%

25. Other services 10.29 220.02 0.47%

Total 508.53 5823.02 6.46%

Average 20.34 232.92 0.26%
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Table 9.7.9:
Government Endogenised Multiplier - Scotland Bill
£500m External Demand Shock on the “Public Administration” Sector

Indirect & Induced Indirect & Induced %age Change

Output Effect Employment Effect to SAM

1. Agriculture, forestry and fishing 6.99 105.90 0.21%

2. Mining 2.61 10.22 0.04%

3. Food, drink and tobacco 15.52 84.56 0.18%

4. Textile, leather, wood and paper 7.44 73.20 0.24%

5. Chemicals 13.18 19.06 0.20%

6. Rubber, plastic, cement and iron 3.96 29.13 0.18%

7. Computer, electrical and transp. equip. 30.64 191.29 0.20%

8. Electricity, gas and water 41.80 109.30 0.33%

9. Construction 18.18 161.22 0.09%

10. Wholesale and retail 67.50 1102.87 0.36%

11. Land transport 15.73 209.94 0.41%

12. Water transport 1.07 4.10 0.16%

13. Air Transport 3.57 12.03 0.30%

14. Post and support transport services 13.41 135.70 0.29%

15. Accommodation 9.34 192.58 0.41%

16. Food & beverage services 18.49 427.38 0.47%

17. Telecommunication 14.98 139.90 0.39%

18. Computer and information services 3.18 47.00 0.15%

19. Financial services 31.57 146.54 0.17%

20. Real estate 49.86 116.86 0.45%

21. Professional services 43.12 756.42 0.25%

22. Research and development 1.99 26.96 0.34%

23. Public administration 144.96 2217.33 0.36%

24. Recreational services 11.18 210.74 0.39%

25. Other services 11.16 238.61 0.51%

Total 581.44 6768.81 7.09%

Average 23.26 270.75 0.28%
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Table 9.7.10:
Government Endogenised Multiplier - Fiscal Devolution
£500m External Demand Shock on the “Public Administration” Sector

Indirect & Induced Indirect & Induced %age Change

Output Effect Employment Effect to SAM

1. Agriculture, forestry and fishing 8.70 131.81 0.26%

2. Mining 3.09 12.11 0.05%

3. Food, drink and tobacco 19.17 104.48 0.23%

4. Textile, leather, wood and paper 8.72 85.71 0.28%

5. Chemicals 15.29 22.10 0.23%

6. Rubber, plastic, cement and iron 4.63 34.11 0.21%

7. Computer, electrical and transp. equip. 35.13 219.28 0.23%

8. Electricity, gas and water 50.74 132.66 0.40%

9. Construction 21.36 189.42 0.11%

10. Wholesale and retail 83.03 1356.74 0.44%

11. Land transport 18.45 246.26 0.48%

12. Water transport 1.31 5.01 0.19%

13. Air Transport 4.35 14.63 0.37%

14. Post and support transport services 15.79 159.77 0.35%

15. Accommodation 11.06 228.00 0.48%

16. Food & beverage services 22.47 519.52 0.57%

17. Telecommunication 17.83 166.53 0.47%

18. Computer and information services 3.66 54.07 0.18%

19. Financial services 38.11 176.87 0.20%

20. Real estate 61.72 144.63 0.56%

21. Professional services 49.26 864.06 0.28%

22. Research and development 2.19 29.72 0.37%

23. Public administration 200.18 3062.00 0.50%

24. Recreational services 13.76 259.37 0.48%

25. Other services 13.39 286.31 0.61%

Total 723.39 8505.17 8.53%

Average 28.94 340.21 0.34%
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Table 9.7.11: SIC07 Aggregation Matrix - SIC07 1 to 32
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C
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1. Agriculture 1 - - - -
2. Forestry planting 1 - - - -
3. Forestry harvesting 1 - - - -
4. Fishing 1 - - - -
5. Aquaculture 1 - - - -
6. Coal & lignite - 1 - - -
7. Oil & gas extraction, metal ores - 1 - - -
8. Other mining - 1 - - -
9. Mining Support - 1 - - -
10. Meat processing - - 1 - -
11. Fish & fruit processing - - 1 - -
12. Dairy products, oils & fats - - 1 - -
13. Grain milling & starch - - 1 - -
14. Bakery & farinaceous - - 1 - -
15. Other food - - 1 - -
16. Animal feeds - - 1 - -
17. Spirits & wines - - 1 - -
18. Beer & malt - - 1 - -
19. Soft Drinks - - 1 - -
20. Tobacco - - 1 - -
21. Textiles - - - 1 -
22. Wearing apparel - - - 1 -
23. Leather goods - - - 1 -
24. Wood and wood products - - - 1 -
25. Paper & paper products - - - 1 -
26. Printing and recording - - - 1 -
27. Coke, petroleum & petrochemicals - - - - 1
28. Paints, varnishes and inks etc - - - - 1
29. Cleaning & toilet preparations - - - - 1
30. Other chemicals - - - - 1
31. Inorganic chemicals, dyestuffs & agrochem. - - - - 1
32. Pharmaceuticals - - - - 1
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SIC07 Aggregation Matrix - SIC07 33 to 61
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33. Rubber & Plastic 1 - - - - - - -
34. Cement lime & plaster 1 - - - - - - -
35. Glass, clay & stone etc 1 - - - - - - -
36. Iron & Steel 1 - - - - - - -
37. Other metals & casting 1 - - - - - - -
38. Fabricated metal - 1 - - - - - -
39. Computers, electronics & opticals - 1 - - - - - -
40. Electrical equipment - 1 - - - - - -
41. Machinery & equipment - 1 - - - - - -
42. Motor Vehicles - 1 - - - - - -
43. Other transp. equip. - 1 - - - - - -
44. Furniture - 1 - - - - - -
45. Other manufacturing - 1 - - - - - -
46. Repair & maintenance - 1 - - - - - -
47. Electricity - - 1 - - - - -
48. Gas etc - - 1 - - - - -
49. Water and sewerage - - 1 - - - - -
50. Waste - - 1 - - - - -
51. Remediation & waste management - - 1 - - - - -
52. Construction - buildings - - - 1 - - - -
53. Construction - civil engineering - - - 1 - - - -
54. Construction - specialised - - - 1 - - - -
55. Wholesale & Retail - vehicles - - - - 1 - - -
56. Wholesale - excl vehicles - - - - 1 - - -
57. Retail - excl vehicles - - - - 1 - - -
58. Rail transport - - - - - 1 - -
59. Other land transport - - - - - 1 - -
60. Water transport - - - - - - 1 -
61. Air transport - - - - - - - 1
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SIC07 Aggregation Matrix - SIC07 62 to 104
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n
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62. Support services for transport 1 - - - - - - - - - - -
63. Post & courier 1 - - - - - - - - - - -
64. Accommodation - 1 - - - - - - - - - -
65. Food & beverage services - - 1 - - - - - - - - -
66. Publishing services - - - 1 - - - - - - - -
67. Film video & TV etc - - - 1 - - - - - - - -
68. Broadcasting - - - 1 - - - - - - - -
69. Telecommunications - - - 1 - - - - - - - -
70. Computer services - - - - 1 - - - - - - -
71. Information services - - - - 1 - - - - - - -
72. Financial services - - - - - 1 - - - - - -
73. Insurance & pensions - - - - - 1 - - - - - -
74. Auxiliary financial services - - - - - 1 - - - - - -
75. Real estate - own - - - - - - 1 - - - - -
76. Imputed rent - - - - - - 1 - - - - -
77. Real estate - fee or contract - - - - - - 1 - - - - -
78. Legal activities - - - - - - - 1 - - - -
79. Accounting & tax services - - - - - - - 1 - - - -
80. Head office & consulting services - - - - - - - 1 - - - -
81. Architectural services etc - - - - - - - 1 - - - -
82. Research & development - - - - - - - - 1 - - -
83. Advertising & market research - - - - - - - 1 - - - -
84. Other professional services - - - - - - - 1 - - - -
85. Veterinary services - - - - - - - 1 - - - -
86. Rental and leasing services - - - - - - - 1 - - - -
87. Employment services - - - - - - - 1 - - - -
88. Travel & related services - - - - - - - 1 - - - -
89. Security & investigation - - - - - - - 1 - - - -
90. Building & landscape services - - - - - - - 1 - - - -
91. Business support services - - - - - - - 1 - - - -
92. Public administration & defence - - - - - - - - - 1 - -
93. Education - - - - - - - - - 1 - -
94. Health - - - - - - - - - 1 - -
95. Residential care - - - - - - - - - 1 - -
96. Social work - - - - - - - - - 1 - -
97. Creative services - - - - - - - - - - 1 -
98. Cultural services - - - - - - - - - - 1 -
99. Gambling - - - - - - - - - - 1 -
100. Sports & recreation - - - - - - - - - - 1 -
101. Membership organisations - - - - - - - - - - - 1
102. Repairs - personal and household - - - - - - - - - - - 1
103. Other personal services - - - - - - - - - - - 1
104. Households as employers - - - - - - - - - - - 1
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9.8 Appendix 7

Table 9.8.1: Mathematical Summary: AMOS Model Struc-
ture

Prices

Import price
PMi,t = εt PWMi(1 +MTAXi) (9.8.1)

Export price

PEi,t = εt PWEi(1− TEi) (9.8.2)

PEi = ε PWEi(1− TEi) (9.8.3)

Commodity price

PQi,t =
PRi,tRi,t + PMi,tMi,t

Ri,t +Mi,t
(9.8.4)

National commodity
price

PIRj,t =

∑
i V Ri,j,tPRj,t +

∑
i V Ii,j,tPIj∑

i V IRi,j,t
(9.8.5)

Value added price

PYj,ta
Y
j = PXj,t(1− btaxj − subj − depj)

−
∑
i

aVi,jPQj,t
(9.8.6)

User cost of capital

UCKt = Pkt(ir + δ) (9.8.7)

Consumption price

PC1−σC
t =

∑
j

∑
h

δfj,hPQ
1−σC
j,t (9.8.8)

Continued on next page
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Mathematical Summary: AMOS Model Structure – continued from previous page

Price of government
consumption

Pgov1−σ
G

t =
∑
j

δgjPQ
1−σg
j,t (9.8.9)

After tax wage

wbt =
wt

(1 + sscee+ sscer) (1 + ire)
(9.8.10)

Wage setting 
ln[ wtcpit

] = ω − ε ln(ut) (Regional Bargain.)
wt
cpit

= wt=0
cpit=0

(FixedRealWage)

wt = wt=0 (National Bargain.)

(9.8.11)

Rate of return to capital

rkj = PYjδ
k
jA

ρj (
Yj
Kj

)1−ρj (9.8.12)

Capital good price

Pk =

∑
j PQj

∑
jKMi,j∑

i

∑
jKMi,j

(9.8.13)

Production Technol-
ogy

Total output
Xi,t = min(

Yj,t

aYi
;
Vi,j,t

aVi,j
) (9.8.14)

Yi,t = αYi Xi,t (9.8.15)

Vi,t = αVi,jXi,t (9.8.16)

Continued on next page
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Mathematical Summary: AMOS Model Structure – continued from previous page

Value added

Yi = A(ξi,t) [δkiK
ρi,t
i,t + δliL

ρi,t
i,t ]

1
%i (9.8.17)

Lj,t = (A(ξj,t)
ρ
i δ

l
j

PYj,t
wt

)
1
ρj Yj,t (9.8.18)

Trade

Total intermediate in-
puts V Vi,j,t = γvvi,j(δ

vm
i,j VM

ρi,t
A

i,t + δviri,j V IR
ρi
A

i,t )
1

ρi
A (9.8.19)

VMi,j,t

V IRi,j,t
=

[(
δvmi,j
δviri,j

) (
PIRi,t
PMi,t

)] 1

1−ρiA

(9.8.20)

National intermediate
inputs

V IRi,j,t = γviri,j (δvii,jV I
ρi
A

i,t + δvri,jV R
ρi
A

i,t )
1

ρi
A (9.8.21)

V Ri,j,t
V Ii,j,t

=

[(
δvri,j
δvii,j

) (
PIi,t
PRi,t

)] 1

1−ρiA

(9.8.22)

Total exports

Ei,t = Ei(
PEi,t
PRi,t

)σ
X
i (9.8.23)

Regional Demand

Ri,t =
∑
j

V Ri,j,t +QHRi,h,t

+QV Ri,t +QGRi,t +QHKi,t

(9.8.24)

Total production

Continued on next page
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Mathematical Summary: AMOS Model Structure – continued from previous page

Xi,t = Ri,t + Ei,t (9.8.25)

Households and other non-government institutions

∞∑
t=0

(1 + ρ)−t
C1−σ
t − 1

1− σ (9.8.26)

Ct
Ct+1

=

[
PCt (1 + ρ)

PCt+1 (1 + r)

]−( 1
σ )

(9.8.27)

Wealth

Wt = NFWt + FWt (9.8.28)

Non-financial wealth

NFWt(1 + rt) = NFWt+1

+
∑
h

dtrh(ssce+ ire)
∑
j

Lj,twt

+
∑
h

∑
dnginsp

TRSFh,dnginsp,t +
∑
h

TRGhPCt

+
∑
h

REMhεt −
∑

dnginsp

∑
h

TRSFdnginsp,h,t

(9.8.29)

Financial wealth

FWt(1 + rt) = FWt+1+

dKdnginsrki,t
∑
i

Ki −
∑
h

SAVh
(9.8.30)

Continued on next page
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Mathematical Summary: AMOS Model Structure – continued from previous page

Total non-government
institutional income

Y NGdngins,t = dLdnginswt
∑
i

Li

+dKdnginsrki,t
∑
i

Ki

+dhdnginsrhi,t
∑
i

Hi

+
∑

dnginsp

TRSFdngins,dnginsp,t

+PCtTRGdngins + εtREMdngins

(9.8.31)

Transfers from non-
governmental institu-
tions TRSFdngins,dnginsp,t = PCtTRSFdngins,dnginsp (9.8.32)

Institution Savings
(non- government)

SAVdngins,t = mpsdnginsY NGdngins,t (9.8.33)

CES Household con-
sumption

QHi,h,t = (δfi,h)ρ
C
i

(
PCi,t
PQi,t

)ρCi
Ct (9.8.34)

Armington household
consumption

QHi,h,t = γhri,h

[
δhri,hQHR

ρAi
i,h,t + δhmi,h QHM

ρAi
i,h,t

] 1

ρA
i (9.8.35)

QHRi,h,t
QHMi,h,t

=

[(
δhri,h

δhmi,h

) (
PMi,t

PRi,t

)] 1

1−ρiA

(9.8.36)

Government

Continued on next page
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Mathematical Summary: AMOS Model Structure – continued from previous page

Fiscal Deficit
FDt =

∑
i

QGi,tPQi,t +GSAV

+
∑
dngins

TRGdngins,tPCt − (dkg
∑
i

rki,tKi,t+

dhg
∑
i

rhi,tHi,t +
∑
i,t

IMTi,t +
∑
h

dtrh

+(ssce+ ire)
∑
j

Lj,twt + FEεt)

(9.8.37)

QGi,t = γgi (δgri QGR
ρAi
i,t + δgmi QGM

ρAi
i,t )

1

ρA
i (9.8.38)

QGRi,t
QGMi,t

=

[(
δgri
δgmi

) (
PMi,t

PRi,t

)] 1

1−ρiA (9.8.39)

Investment Demand

Investment by sector of
origin QVi,t =

∑
i

KMi,jJj,t (9.8.40)

Total investment

QVi,t = γvi (δqvmi QVM
ρAi
i,t + δqvri QV IR

ρAi
i,t )

1

ρA
i (9.8.41)

QVMi,t

QV IRi,t
=

[(
δqvmi

δqviri

) (
PIRi,t
PMi,t

)] 1

1−ρiA

(9.8.42)

National investment

QV IRi,t = γviri

[
δqvii QV I

ρAi
i + δqvri QV R

ρAi
i,t

] 1

ρA
i (9.8.43)

Continued on next page
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Mathematical Summary: AMOS Model Structure – continued from previous page

QV Ri,t
QV Ii,t

=

[(
δqvri

δqvii

) (
PIi,t
PRi,t

)] 1

1−ρiA

(9.8.44)

Investment path

Ji,t = Ii,t

1− bb− tk +
β

2

(
Ii,t
Ki,t
− α)2

Ii,t
Ki,t

 (9.8.45)

It
Kt

= α+
1

β

[
λi,t
PKt

− (1− bb− tk)

]
(9.8.46)

λ̇i,t = λi, t(rt + σ)−Rki,t (9.8.47)

θ(xt) =
β

2
(xt − α)2, andxt =

It
Kt

(9.8.48)

Rki,t = rkt − PKt

[
Ii,t
Ki,t

]2
θ′t(I/K) (9.8.49)

Factors accumulation

Capital stock
KSi,t+1 = (1− δ)KSi,t + Ii,t (9.8.50)

Net in-migration

LSi,t+1 =(
1 +

(
ζ − vu[ln(ut)− ln(uN )] + vw

[
ln

wt
cpit
− ln wN

cpiN

]))
LSi,t

(9.8.51)

Continued on next page
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Mathematical Summary: AMOS Model Structure – continued from previous page

Ki,t = KSi,t (9.8.52)

LSt(1− ut) =
∑
j

Lj,t (9.8.53)

Taxes and subsidies

IBTi,t = btaxiXi,tPXi,t (9.8.54)

Import tax

IMTj,t =
∑
i

MTAXjVMi,j,tPMi,t (9.8.55)

Production subsidy

SUBSYi,t = SUBiXi,tPXi,t (9.8.56)

Current Account

Total import demand
Mi,t =

∑
j

V Ii,j,t +
∑
j

VMi,j,t

+
∑
h

QHMi,h,t +QGMi,tQV Ii,t +QVMi,t

(9.8.57)

Trade Balance

TBt =
∑
i

Mi,tPMi,t −
∑
i

Ei,tPEi,t

+εt

 ∑
dngins

REMdngins + FE

 (9.8.58)

Assets

Continued on next page
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Mathematical Summary: AMOS Model Structure – continued from previous page

Value of firms
V Fi,t = λi,tKi,t (9.8.59)

Foreign debt

Dt+1 = (1 + r − τ)Dt + TBt (9.8.60)

Government debt

Pgovt+1GDt+1

=

[
1 + r − τg +

(
Pct+1

Pct

)
− 1

]
GDt Pgovt + FDt

(9.8.61)

Steady-state condi-
tions

KSi,T = Ii,tδ (9.8.62)

Rki,T = λi,T (rT + δ) (9.8.63)

FDT = −
[
r − τg +

(
Pct+1

Pct

)
− 1

]
PgovTGDT (9.8.64)

TBT = (−r − τ)DT (9.8.65)

Continued on next page
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Mathematical Summary: AMOS Model Structure – continued from previous page

Non-financial wealth

NFWT rt =
∑
h

dtrh(ssce+ ire)
∑
j

Lj,TwT

+
∑
h

∑
dnginsp

TRSFh,dnginsp,T +
∑

TRGhPCT

+
∑
h

REMhεT −
∑

dnginsp

∑
h

TRSFdnginsp,h,T

(9.8.66)

Financial wealth

FWtrT = dKdnginsrki,t
∑
i

Ki −
∑
h

SAVh,T (9.8.67)

Short-run conditions

KSi,t=1 = KSi,t=0 (9.8.68)

LSt=1 = LSt=0 (9.8.69)

GDt=1 = GDt=0 (9.8.70)

Dt=1 = Dt=0 (9.8.71)
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Table 9.8.2: Index for AMOS Summary

Subscripts

i, j Sectors

t Time

ins Institutions

dins Domestic institutions

dngins Domestic non-government institutions

h Households

g Government

Endogenous Variables

PXi,t Output Price

PYi,t Value Added Price

PQi,t Commodity Price

PRi,t Regional Price

PIRi,t National Commodity Price (Scotland + RUK)

PIi,t RUK Price

rki,t Shadow price of capital

wt Regional Nominal wage

wbt After tax wage

PKt Capital good Price

UCKt User Cost of Capital

λi Shadow price of capital

PCt Aggregate Consumption Price

PGovt Aggregate Price of Government consumption goods

εt exchange rate (fixed)

Continued on next page
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Index for AMOS Summary – continued from previous page

Endogenous Variables

Xi,t Regional Supply

Ri,t Regional Supply

Mi,t Imports

Ei,t Total Exports

Li,t Labour demand

Ki,t Physical capital demand

KSi,t Capital stock

LSi,t Labour supply

V Vi,t Total intermediate inputs

VMi,t ROW intermediate inputs

V Ri,t Regional Intermediate Inputs

V Ii,t RUK Intermediate Inputs

V IRi,t National Intermediate Inputs (Scotland + RUK)

QGRi,t Regional government consumption

QGMi,t Imported government expenditures

Ct Regional government expenditures

QHi,h,t ROW investment demand

QHRi,h,t Regional household consumption

QHMi,h,t Regional household consumption

QVi,t Investment by origin

QV Ri,t Regional investment by sector of origin

QVMi,t ROW investment demand

QV IRi,t National investment (Scotland + RUK)

QV Ii,t RUK investment demand

Ij,t Investment by sector of destination j

Jj,t Investment by destination j with adjustment cost

ut Regional unemployment rate

Continued on next page
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Index for AMOS Summary – continued from previous page

Rki,t Marginal Net Revenue of capital

SAVdngins,t Domestic non-government saving

Y NGdngins,t Domestic non-government income

TRSFdngins,dnginsp,t Transfer among dngins

HTAXt Total household tax

TBt Current account Balance

SUBSYt Production subsidy

Exogenous Variables

REMt Remittance for dngins

FEt Remittance for the Government

QGi,t Government expenditure

GSAVt Government savings

rt Interest rate

Elasticities

σ Constant elasticity of marginal utility

%j Elasticity between labour and capital in sector j

ρAt Elasticity in Armington function

σxt Elasticity of export with respect to term of trade

µ Elasticity of real wage with respect to the unemployment

rate

vu Elasticity of migration to the unemployment differential

vw Elasticity of migration to the real wage differential

Parameters

aVi,j Input-Output coefficient for i used in j

aYi Share of value added in production

Continued on next page
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Index for AMOS Summary – continued from previous page

δk,lj Shares of capital and labour in the value-added function

δvm,vir,vr,vii,j Share parameters in CES function for intermediate goods

δqvm,qvir,qvr,qvii,j Share parameters in CES function for investment goods

δhr,hmi,h Share parameters in CES function for household consump-

tion

δgr,gmi Share parameters in CES function for government con-

sumption

γvv,viri,j Shift parameter in CES functions for intermediate goods

γfi Shift parameter in CES functions for household consump-

tion goods

γgi Shift parameter in CES functions for government consump-

tion

btaxi Business tax

subi Rate of Production subsidy

MTAXi Rate of Import Tax

KMi,j Physical capital matrix

mpsdngins Institution rate of savings

ssce Rate of social security paid by employees

sscer Rate of social security paid by employers

ire Rate of direct household tax

cre Rate of household consumption tax

ρ Pure rate of consumer time preference

bb Rate of distortion or incentive to investment

δ Depreciation rate
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9.9 Appendix 8

Table 9.9.1: Taxation and Benefit Overview

UK Scandinavia Denmark Finland Norway Sweden

Tax Revenue as % of GDP in 2009 32.3 43.3 46.4 40.9 42.0 44.0

Social Security as % of GDP in 2009 6.4 10.9 - 12.2 9.8 10.8

Value Added Tax in 2009 20 24.8 25 24 25 25

Average Rate of Income Tax Paid in 2009 32.4 40.6 38.6 43.1 37.3 42.9

Unionisation Rates in 2012 26% 64% 67% 68% 53% 68%

(OECD, 2014; Barth, Moene, & Willumsen, 2014)
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Figure 9.9.1: Adjustment Paths: Conventional - Macro
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Figure 9.9.2: Adjustment Paths: Conventional - Micro

397



Figure 9.9.3: Adjustment Paths: Social Wage
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Table 9.9.2: Short Run vs Long Run Results by Sectors - GRP

Conventional - Macro Conventional - Micro Social Wage

SR LR SR LR SR LR

1. Agriculture, forestry and fishing -2.54 -9.14 -2.54 -8.57 -0.66 -1.14

2. Mining -1.79 -6.14 -1.80 -5.71 -0.22 -0.12

3. Food, drink and tobacco -2.62 -7.97 -2.63 -7.47 -0.66 -0.92

4. Textile, leather, wood and paper -3.52 -9.71 -3.51 -9.06 -0.56 -0.48

5. Chemicals -2.30 -8.18 -2.31 -7.62 -0.26 -0.28

6. Rubber, plastic, cement and iron -4.07 -11.09 -4.05 -10.34 -0.49 -0.41

7. Computer, electrical and transport equipment -3.84 -10.16 -3.82 -9.45 -0.30 -0.13

8. Electricity, gas and water -2.39 -8.40 -2.39 -7.85 -0.51 -0.67

9. Construction -5.90 -11.17 -5.77 -10.42 -0.66 -0.50

10. Wholesale and retail -4.00 -9.65 -4.00 -9.09 -1.57 -1.84

11. Land transport -3.52 -10.29 -3.52 -9.62 -0.84 -0.87

12. Water transport -3.02 -8.15 -3.02 -7.64 -0.84 -0.88

13. Air Transport -3.26 -9.07 -3.27 -8.53 -1.19 -1.50

14. Post and support transport services -3.24 -11.21 -3.25 -10.47 -0.57 -0.67

15. Accommodation -3.21 -7.50 -3.21 -7.05 -1.16 -1.19

16. Food & beverage services -4.21 -8.88 -4.20 -8.40 -2.03 -2.28

17. Telecommunication -3.31 -10.11 -3.32 -9.46 -0.90 -1.01

18. Computer and information services -3.77 -10.37 -3.76 -9.66 -0.59 -0.21

19. Financial services -2.36 -8.19 -2.37 -7.66 -0.48 -0.66

20. Real estate -3.01 -8.88 -3.01 -8.40 -1.44 -2.33

21. professional services -3.27 -10.41 -3.27 -9.68 -0.35 -0.06

22. Research and development -3.28 -9.72 -3.29 -8.99 0.29 0.75

23. Public administration 1.59 -5.27 1.59 -4.55 4.32 4.96

24. Recreational services -2.98 -8.71 -2.97 -8.12 -0.50 -0.44

25. Other services -3.90 -10.18 -3.90 -9.58 -1.46 -1.72
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Figure 9.9.4: Long-Run Percentage Change Variations in GRP - Export Demand Elas-
ticities
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