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Chapter 7. Environmental IO Accounting: Attribution of Pollution 

Generation to Production and Final Demand Activities in Jersey 1998

1. Introduction - Potential Uses of the Jersey Environmental IO System

In Chapter 6 I construct a Kxl (9x25) matrix of Jersey-specific output-pollution 

coefficients. Mi, which states the physical amount of each pollutant, k, that is directly 

generated in the production of £lmillion of sectoral output by each production sector, 

i, in the Jersey economy (for the base year, long-run equilibrium, case). I also 

construct a KxZ (9x6 or 9x2) matrix of final demand expenditure-pollution 

coefficients, Mz, which states the physical amount of each pollutant, k that is directly 

generated per £lmillion of final consumption expenditure by each final demand 

sector, z (again, for the base year, 1998, case). Together with the standard input­

output (IO) tables constructed in Chapter 5 (Tables 5.3 and 5.4), these two matrices 

of direct emissions coefficients form a set of environmental IO tables that I can use 

to account for and model pollution generation in the Jersey economy.

There are two main types of analyses that an environmental IO system can be used 

for. The first is descriptive analysis, involving the attribution of pollution generation 

(or resource use) for a given "snapshot’ of the economy (represented by the IO tables 

for any given point in time) to the different production or final demand activities that 

occur within the economy. The second is impact analysis, involving the simulation of 

demand-side disturbances in order to examine the potential impact on economic and 

environmental variables from changes in demand patterns in the economy.

In the latter case, my argument in this thesis is that it is important to be aware of the 

restrictive assumptions that are implicitly invoked if the environmental IO system is 
used for this type of modelling application:

1. Due to the assumption of universal Leontief (constant proportions) technology in 

all functional relationships, there is no possibility of price-induced substitution 
between commodities in production or consumption.
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2. In a conventional IO system, the supply-side of the economy is assumed to be 

entirely passive, with all activity being demand-driven and an infinitely elastic 

supply of all factors.

In the case of an economy like Jersey, where we know that there are important 

constraints on supply (particularly in the labour market), these restrictions render IO 

an unsuitable framework for modelling the effects of disturbances on the system. 

This is why I have taken the decision in the present study to construct a more flexible 

CGE modelling framework for this type of application. Therefore, in this chapter my 

use of the environmental IO system for Jersey is limited to the first type of 

application identified above. This is attribution of pollution generation to different 

production and final demand activities for a given snapshot of the economy 

(represented by the base year described in the economic and environmental accounts 

constructed in Chapters 5 and 6). However, I do engage in a fuller discussion of the 

problems inherent in using the environmental IO system for impact analyses in 

Appendix 7A, where I carry out three illustrative simulations. One of these involves 

investigating how a demand-driven IO system could be used to analyse the impacts 

of an increase in demand in the presence of supply-side constraints by exogenously 

imposing a substitution between different types of activity. For the illustrative case of 

Jersey, this involves attempting to introduce a scenario under which an expansion in 

activity in the sectors serving tourist demand can take place without breaching the 

labour supply constraint that exists in the Jersey economy by introducing a reduction 

in demand elsewhere in the economy.

The use of the environmental IO system to attribute pollution generation amongst the 

various production and final demand activities that occur within an economy is 

essentially an accounting exercise. However, this does not imply that it is any sense 

atheoretical or value-free. As I explain in Section 2 below, the interpretation of 

attribution results is dependent on the explicit or implicit theorising used to generate 

them, and the method of attribution adopted can reveal or conceal particular 

relationships. Moreover, it may be argued that environmental IO attribution 
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techniques, subject as they are to the assumption of universal Leontief technology, 

are also subject to the type of restrictions that I identify above with respect to the 

environmental IO impact model. However, in Section 2 I also argue that a much 

weaker set of assumptions is required to support the use of the environmental IO 

system as an accounting framework for attribution purposes than is required for its 

use as an impact model.

I present attribution results for Jersey in 1998 in Section 3 of this chapter, and offer a 

summary and conclusions in Section 4. As noted above, I also present results from 

the Jersey environmental IO impact model in Appendix 7A at the end of the Chapter. 

In a second appendix to this chapter, Appendix 7B, I augment the analysis presented 

in Section 5 of Chapter 6, where I assess the value-added gained from constructing a 

set of region-specific environmental database in terms of measuring the direct 

contribution of different activities to total local pollution generation. This is done by 

comparing the results that are generated using the pollution coefficients that are 

derived from the Jersey-specific accounts against a set of adjusted national (UK) 

coefficients. In Appendix 7B I extend this comparison to accounting for direct, 

indirect and induced pollution effects comparing the attribution results that would be 

found using the UK-adjusted coefficients with what is reported in Section 3.

2. The Theory And Principles Underlying Pollution Attribution Analysis

2.1 Standard IO Attribution Methodology

As I explain in Chapter 6 (Section 5), the Kxl vector of total pollution generated in 

the economy in a given time period (e.g. our base year of 1998), P, is derived by 

summing pollution directly generated in production (subscript i) and final 
consumption (subscript z):

(7.1) P = ^ + Pz = Mj.X + Mz.Ct
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where X is the Ixl vector of sector outputs (with elements Xi), Mi is a Kxl matrix of 

the direct industry output-pollutant coefficients, with mk,i as the amount of pollutant 

k directly produced per unit of output of sector i, and Mz is a KxZ matrix of the final 

demand pollutant coefficients, with mk,z as the amount of pollutant k directly 
generated per unit of final demand expenditure C (with elements Cz)?

In Chapter 6 (Section 5) I also explain that the relationship in (7.1) is an identity 

when base year data are used. This is because I have derived each of the individual 

elements of matrix Mi, mk,i, as the total pollutant of type k directly produced by 

sector i divided by the total output of sector i. Similarly for Mz, each individual 

element mk,z is the total pollutant of type k produced by final demand activity z, 

divided by the total expenditure on activity z. That is to say, I state the coefficients as 

the average pollution intensities observed in the base time period. Therefore the 

construction of the pollution coefficient matrices is such that equation (7.1) must 

hold for base year data.

Equation (7.1) allocates pollution generation to the i production activities and z final 

demand activities that occur in the economy. However, production itself is 

undertaken in order to meet final demand. A set of IO accounts (for example, those I 

present here in Tables 5.3 and 5.4 for Jersey) allocates the output of individual 

sectors to intermediate and final demand. With 25 production sectors, total output, 

the Ixl (25x1) vector X, in the IO table can be expressed by the following linear 
equations:

(7.2) Xi = X14 + Xi;2 + ....X1,25 + Cl

X2 = X2,1 + X2,2 + ....X2,25 + c2

X25 = X25,l + X25,2 + •• .-X25,25 + C25

Note that I state final demand as C using when referring to total final demand expenditure broken 
down by final demand category - i.e. the (lxZ) vector C is composed of the column totals of the full 
(((I+Y)xZ) where y = 1,...,Y primary commodities) final demand block from the IO table (including 
imports and expenditure taxes). I use subscript i when referring to total final demand expenditures 
broken down by commodity - i.e. the (Ixl) vector Cb with elements q, is composed of the row totals 
of the (IxZ) block of final demands for locally produced commodities.
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Where Xi is the total output of sector i=l, xi,i is the output that firms in sector 1 sells 

to other firms in sector 1, is the output that firms in sector 1 sell to firms in sector 

2, and so on, and Ci is the output that sector 1 sells to final demand (summing ci to 

C25 gives the (25x1) vector of final demand by commodity, Ci). The elements Xij 

(which can also be interpreted as the purchases of firms in sector j from firms in 

sector i) can also be expressed in terms of the input requirement of sector j, a; j = 

Xij/Xj (where the total inputs to sector j = the total output of sector j). Together all the 
2 

elements a;j across the i (where i = j = 25) sectors give us the Ixl (25x25) matrix A.

Rearranging and substituting the general formula ajj = Xi,j/Xj into equation (7.2) we 

have:

(7.3) Xi - ai.iXi + 31,2X2 + ....31,25X25 + Ci

X2 = a2,iXi + a2,2X2 + ....32,25X25 + C2

X25 = 325,1X1 + £25,2X2 + ....325,25X25 + C25

If all the Xs are transferred to the left hand-side and regrouped we have:

(7.4) (l-ai,i)Xi — 31,2X2 -.... — 31,25X25 = Ci

32,1X1 — (1-32,2)X2 - .... — 32,25X25 = C2

325,1X1 — 325,2X2 - .... — (1-325,25)X25 = C25

The equstions in (7.4) can be written in matrix form as:

(7.5) a-A)X = Q

2 This is similar to the derivation of matrix Ei in Chapter 6, Section 4. The distinction is that the 
elements fjj of matrix Ei are expressed in physical units per monetary unit of output, whereas the 
elements a^- of matrix A are expressed entirely in monetary units.
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Where I is an (Ixl) identity matrix with all diagonal elements (i.e. where I=J) equal to 

1 and all off-diagonal elements (where I^J) equal to zero. Rearranging equation (7.5) 

we have:

(7.6) X = U-A^Q

where d-A]-1 is the square (IxJ) Leontief inverse matrix. Each element of the 

Leontief inverse, bij, is the output of sector i needed, directly or indirectly, in the 

production of one unit of final demand in sector j. The column totals of the Leontief 

inverse are the output multipliers for each sector j - i.e. the total amount of output 

from all I production sectors needed, directly or indirectly, in the production of one 

unit of final demand in sector j. Using base year data (as is the case with the 1998 IO 

accounts for Jersey given in Tables 5.3 and 5.4) expression (7.6) is an identity.

Expression (7.6) allows us to attribute all production in the economy to elements of 

final demands for local output. The (Ixl) vector Ci is composed of the row totals of 

the (IxZ) block of final demands for local produced outputs, where each element Ci>z 

is the expenditure on commodity i by final demand category, z. Therefore by 

substituting each (Ixl) vector (Ci)z (expenditure on all locally produced commodities 

by final demand category z) into (7.6) we can determine how much output is 

supported, directly and indirectly, by final demand category z. It is also possible to 

isolate a single element CijZ of each vector (Ci)z (by making all other elements equal to 

zero) in order to determine how much output is supported by demand for commodity 
i by final demand sector z.

Using expression (7.6) for X, I can therefore attribute the vector of pollutants directly 

generated in production to the final demand (for locally produced commodities) 
vector Ci through the expression:

(7.7) Pj = Mid-AJ-’Ci
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The term MiP-A]'1 is a Kxl (here 9x25) matrix of output-pollution multipliers, where 

each element Ek,i is the amount of pollution of type k generated, directly or indirectly 

in the production of one unit of final demand in sector i - i.e. the amount of pollutant 

k directly or indirectly attributable to one unit of final demand for the output of 

sector i. Substituting (7.7) into (7.1) implies that all pollution can thereby be 

attributed to final demand, as:

(7.8) P = MiP-AJ^Ci + Mz.Ct

Equation (7.8) demonstrates that once appropriate pollution and production 

coefficients are identified (matrices Mi and Mz, and A), the production of pollutants 

can be attributed to elements of the matrix of final demands, just as (7.6) allows 

attribution of the production of all commodities to elements of final demand. The 

separate terms on the right-hand side of (7.8) identify respectively the pollutants 

generated in the production of output for final demand and the pollutants generated 

by the consumption of these commodities in final demand activities. Thus (7.8) 

implies a clear causal pathway from final demands to pollution generation. Just as it 

is possible to use (7.6) to attribute total production of economic outputs to final 

demand disaggregated by industrial sector (commodity) and/or by final demand 

category, it is therefore possible to attribute total pollution using (7.8).

As I assert above, equation (7.8) holds as an identity when base year data are used. 

However, the value of the attribution procedure as an accounting device depends 

upon the implicit theorising that supports it. Conventional IO analysis overlays the 

IO accounts with a demand-driven theory of the determination of economic activity 

(as expressed in equation (7.6)). This theory embodies the following assumptions:

• Universal linear production functions with fixed input coefficients (given by the 
matrix A - see equation (7.3))

• Exogenously determined final demands

• No supply constraints
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This is a Keynesian theory of how the economy works where exogenous changes in 

final demand drive the level and composition of economic activity in the face of a 

passive supply side. It is this theory that is explicitly or implicitly invoked where IO 

is used in conventional impact analysis.

One issue that is frequently raised concerns the degree of exogeneity implied in the 

analysis. For example, conventional IO systems typically offer the option of treating 

local household consumption as being exogenous or endogenous. Where it is 

exogenous, it is included as an element of final demand. Where it is endogenous, or 

partly endogenous, the household sector that supplies labour services is treated as if 

it were a production sector, with consumption representing its inputs and the labour 

supplied to production sectors as its outputs. In equations (7.6) and (7.7), the values 

taken by the output and output-pollution multipliers depend on the degree of 

endogeneity assumed in the economy. ‘Type I’ multipliers have consumption 

exogenous while ‘Type II’ multipliers have the consumption linked to wage income 

endogenous. Type I multiplier values will therefore be less than or equal to Type II 

multiplier values. The results of these standard IO attribution procedures for Jersey 

are given in Section 3.

2.2 Problems: Resource Constraints, Production Vs Consumption, Imports And 

The Introduction Of a Neo-Classical Linear Attribution System (NCLAS)

In Section 2.11 have identified the usefulness of the IO system in terms of the rigour 

and consistency that is possible in its use as an accounting framework. However, 

there are a number of concerns over the appropriateness of the standard IO approach, 

particularly when dealing with environmental attribution. These are the existence of 

resource constraints, the distinction between production and consumption as sources 

of pollution, and the treatment of imports. In this section I consider each of these 
concerns in turn.

2.2.1 Resource Constraints
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Environmentalists stress the importance of natural-resources scarcity. However, as I 

argue in Sections 1 and 2.1 above, the validity of the IO impact model is based upon 

the assumed linearity of production and consumption and the lack of supply 

constraints. It may be argued that this renders the whole environmental IO attribution 

approach inappropriate. This point seems especially relevant in considering the case 

of a supply-constrained economy like Jersey, where the problem of labour supply is 

currently a pressing political concern. However, my argument is that a much weaker 

set of assumptions is required to support the use of IO as an accounting framework 

for attribution purposes than its use as an impact model. Specifically, I argue in this 

section that it is possible retain the demand-side focus of IO attribution analysis 

without having to impose a totally passive supply response.

I attempt to verify this claim firstly by showing that the conventional 

environmentalists’ approach to pollution attribution is consistent with the IO method. 

Atkinson et al (1997) and Pearce & Atkinson (1995) argue in favour of using an 

inter-regional accounting framework to relate resource extraction and use anywhere 

in the world to the region where final consumption takes place. The perspective of 

placing consumption at the heart of the environmental problem is also the focus of 

what is perhaps the best-known empirical approach to pollution attribution. This 

method, reviewed in Van den Burgh and Verbruggen (1999), involves the 

identification of a region’s “ecological footprint” (Birknell et al, 1998; Proops et al, 

1999; Wackernagel and Rees, 1996, 1997). Essentially the ecological footprint 

approach attempts to trace back all the implied pollutants (and resource use) 

generated in the production of commodities for consumption. It is instructive to 

investigate the similarity between this and the standard IO pollution-attribution 

accounts (indeed Bircknell et al, 1998, adopt an IO approach in their ‘ecological 

footprint’ analysis of land requirements to support consumption in the New Zealand 
economy).

If we start with the final demand block from the IO table (shown for Jersey as the 

third and fourth quadrants of Table 5.3) and the associated final demand by 

commodity and category vectors, respectively Ci and C (as defined in Section 2.1). I 
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calculate the (Kxl) vector, Pz, of direct pollution generated in the final demand 

activities by multiplying the (KxZ) matrix Mz of final demand expenditure-pollution 

coefficients by the transpose of the (IxZ) vector of total final demand expenditure - 

i.e. Pz equals MZCT. However, I want to further identify the vector of direct and 

indirect pollution, Pi, generated by the production of these final demand commodities 

through backward attribution.

I find the physical of amount direct pollution generated in the production of outputs 

that are sold to final demand by pre-multiplying the (Kxl) matrix of direct industry 

pollutant coefficients, Mi by the (Ixl) vector Ci, of final demand expenditure on 

locally produced commodities. However, this does not include the pollutants 

generated in the production of the intermediate inputs required in the production of 

the vector of final commodities. I determine these intermediate demands by pre­

multiplying the (Ixl) matrix of direct production coefficients (the A matrix) by the 

(Ixl) final demand vector Ci. Then I derive the resulting pollutants by again pre­

multiplying the (Kxl) matrix of industry pollutant coefficients, Mi, by the resultant 

(Ixl) vector, to give MiACi.

However, the process does not finish here: MiACi only gives us the first round 

effects. We need also to identify the pollution generated in the production of the 

second-round intermediates needed to produce these initial intermediate inputs. I do 

this by once again pre-multiplying the (Ixl) matrix of direct production coefficients, 

A, by the (Ixl) vector of intermediate demands, AC,, generating the (Ixl) vector of 
second round intermediate inputs, A2Ci. I find the associated pollution by pre­

multiplying the (Kxl) matrix of output-pollution coefficients, Mi? by the (Ixl) 
second-round intermediate inputs vector, A2Ci? giving MjA2Ci. Of course, the 

backward attribution needs to be pushed even further, in that there is an infinite 

number of rounds of intermediate inputs and their associated pollutant impacts. I find 

the total direct and indirect effects of this production by summing over all these 
rounds, giving:

(7.9) Pi = MiCi + MiACi + MiA2Ci + ... + MiAnCi + .... = MiC£nss0“An)Ci
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In this approach I am attempting to quantify the pollutants that can be attributed to 

the production of a set of commodities. This process identifies not only the pollutants 

generated directly in the production of the commodities but also traces back 

pollutants generated indirectly in the production of all implied intermediate inputs. 

When applied to a particular observed economic outcome, as captured in a particular 

IO table, such as the one constructed here for Jersey in 1998, the validity of the 

approach rests on two basic assumptions. The first is that there is homogeneity 

within sectors so that each unit of a particular commodity is produced in an identical 

manner (and generates an identical amount of direct pollutants). The second is that 

the economy is in long run equilibrium in the year that the IO accounts are 

constructed for so that the conditions that occurred in the past when the rounds of 

intermediates were actually produced, are the same as in the present.

Whilst these assumptions might seem restrictive, they are less demanding that those 

implied by standard IO impact analysis, which also imposes constant returns in 

production and no resource constraints. The notion that such an attribution process 

does not require linearity in production is stimulated by a rather similar 

decomposition of intermediate inputs to dated labour in Sraffa (1960). Sraffa is quite 

explicit. He states that the reader: “may be inclined ... to suppose that the argument 

rests on a tacit assumption of constant returns in all industries. ... In fact no such 
assumption is made” (Sraffa, 1960, p. v).

The argument that I am presenting here is that equation (7.9), which expresses the 

backward attribution process in IO terms, does not depend upon the assumption of 

linearity or resource availability. However, it is possible to simplify equation (7.9). 

In particular, it is a standard result from the Input-Output approach that (ten Raa, 
1995):

(7.io) s^A^n-Ar1
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This means that the backward attribution procedure favoured by environmentalists 

generates exactly the same results as the standard IO process though it does not rest 

on the same extreme assumptions that are normally necessary for demand-driven IO 

analysis. The crucial point is that in the attribution analysis what we are attempting to 

do is determine the size and nature of the pollution problem at a given point in time 

(the base year to which the data apply). My argument is that this analysis does not 

involve making any attempt to speculate as to the impact of any marginal change in 

activity: it is an historical analysis of a situation described by existing economic and 

environmental accounts. It is therefore possible to retain the demand-driven focus 

afforded by conventional IO analysis whilst not requiring production coefficients to 

be constant and/or supply to react passively to changes in demand. This is useful in a 

Jersey context, if we take the perspective that the economy is driven by the export 

(increasingly finance) sectors. Although expansion in the economy does hit against 

supply constraints, my argument is that it is still valid to take the data at one point in 

time and, using the arguments embedded in equations (7.9) and (7.10), compare the 

pollution intensities of various elements of final demand.

2.2.2 Production vs Consumption

One problem raised by the standard IO pollution attribution method as described in 

Section 2.1 (and reported for Jersey in Sections 3.2-3.4 below) concerns the role it 

attributes to consumption. Where Type II pollution-output multipliers are used, 

private consumption typically disappears or becomes very small as an independent 

source of pollution. For consumption financed by wage income, the pollution 

generated directly in the consumption process and directly and indirectly in the 

production of goods consumed is allocated to the sectors in which the wage income 

is generated that finances this consumption. This is a perfectly valid perspective, 

especially if one thinks that the population level is linked directly to economic 

activity. However, many environmentalists seek to locate the source and 

responsibility for pollution in human private or public consumption. My argument in 

this section is that this perspective is lost in the context of an IO attribution based on 
Type II multipliers.

305



Even where Type I output-pollution multipliers are used, the standard IO pollution 

attribution analysis might be thought to give misleading results if one wished to 

focus on consumption as the ultimate source of pollution. The use of Type I 

multipliers does mean that domestic private and public consumption is typically 

attributed a significant portion of pollutant outputs (see, for example, the results for 

Jersey in Section 3.4 below). However, in an open economy pollutants will also be 

allocated to exports, which are, directly or indirectly, entering the consumption of 

individuals, firms and governments operating outwith the domestic jurisdiction. I 

would argue that it would seem to go against the spirit of this kind of approach to 

attribute to an economy like Jersey the pollution generated by Jersey exports because 

these are ultimately meeting consumption demand from the rest of the world.

This raises the issue that the concerns of environmentalists seem to be suggesting 

the merit of at least one other attribution accounting concept, which should mirror 

the differences in the conventional national accounting concepts, GDP and GNP. 

Gross Domestic Product (GDP) is the value of goods and services generated within 

a particular economy. Gross National Product (GNP) is the income of the residents 

within a particular economy. GDP and GNP may differ in that, for example, 

residents of one country might own productive resources located in another country. 

The output of those resources contributes to one country’s GDP but the other 

country’s GNP. Similarly I would define Gross Domestic Pollution as the pollution 

generated by activity located within a particular country, whilst Gross National 

Pollution would be the pollution generated directly or indirectly by the consumption 
of the residents of that economy.

Unfortunately, IO accounts are built around production and the national accounting 

figure that can be derived from them is GDP. However, such a measure could be 

operationalised with the aid of a Social Accounting Matrix (SAM) (Pyatt and 

Round, 1985). As I explain in Chapter 5, a SAM provides an appropriate framework 

for measuring GNP: containing information additional to that captured in the IO 

accounts on sources and flows of income, the SAM permits a better understanding 
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of what drives consumption in the economy. For example, in Section 3.2 below, I 

question the classification of endogenously and exogenously driven elements of 

household consumption that is possible in the IO framework. There the only 

endogenous driver of household consumption is income from employment. However 

in a SAM it would also be possible to identify what share of household consumption 

is funded by other types of income that are generated in the local economy, such as 

profit income from ownership of local firms. Therefore, I conclude that attribution 

analysis using the Jersey SAM would be an advance on the basic IO analyses 

contained in this chapter.

2.2.3 Imports

The second problem associated with the standard IO attribution method concerns 

imports. In Equation (7.9) I show how the pollution indirectly generated in the 

production of goods and services can be identified. However, this is only the 

pollution generated by the intermediate production that takes place in the 

geographical area covered by the IO table. What the standard IO method of 

attribution does not do is to identify the pollution associated with the imports 

consumed directly as final demand or used as intermediate inputs. This is the 

approach that those adopting Ecological Footprint analysis attempt to follow. 

Therefore, again even where Type I output-pollution multipliers are used, the 

pollution generated by imports directly or indirectly associated with domestic 
consumption is not being so allocated.

Here, I argue that the problem of imports raises both practical and conceptual issues. 

I will discuss the practical issues first, using Jersey as an example of the domestic 

economy. In order to attribute the pollution associated with imports (in the manner 

proposed by authors such as Atkinson et al, 1997 and Pearce & Atkinson, 1995) I 
would require information on:

• the direct imports to consumption in the domestic economy (e.g. Jersey), broken 
down by commodity and country of origin
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• the imports used as intermediate inputs for each local industry, broken down by 

commodity and country of origin

• an 1-0 table for each country from which imports are drawn.

These 1-0 tables from the countries exporting to Jersey would themselves need to 

have the following characteristics:

• a compatible sector classification

• a comparable set of pollution-output coefficients

• a similarly complex set of import coefficients

Of course, in so far as the countries exporting to Jersey import from other countries 

not already included in the analysis (i.e. countries that do not themselves directly 

export to Jersey), they too would need a full set of compatible IO and pollution 

accounts plus detailed import information.

None of these data are available in the current study, with the implication that it is 

not possible to take even the first step in the attribution of pollution associated with 

Jersey’s imports. This is not a problem that is peculiar to the case of Jersey. 

Typically in IO tables imports to final and intermediate demand are not broken 

down by commodity and this is the convention we have followed in the construction 

of the Jersey IO data. However, even if these data were available to me, I do not 

have access to the voluminous information set needed to complete this attribution. 

Essentially, unless a small group of countries make up a closed trading enclave, 

what is needed is a consistent world IO table, with commodities broken down by 

location of production, together with a compatible set of pollution coefficients. 

Generally, environmental IO analysis is some way away from being able to 

construct such a table.

One feasible information source that would allow limited across-border attribution 

of pollutants would be an appropriate multi-regional IO table. If sectorally and 
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regionally disaggregated data on imports are available, pollution attribution between 

the regions should be possible.

The second issue relating to imports is a conceptual one. If the pollution associated 

with Jersey’s imports is to be attributed to Jersey’s economic activity, consistency 

requires that the pollution associated with Jersey’s exports should be attributed to 

the countries that are importing these traded goods and services. In not incorporating 

the pollution generated by the production of imports, conventional IO attribution is 

not incomplete. Rather it is simply focussing on the allocation of pollutants to the 

locations where pollution emission takes place. However, such a focus might seem 

appropriate. After all, an importer does not know the direct and indirect pollutants 

that were generated in the production of an imported good. As I have explained 

already, the data needed to make such a calculation are simply not available. 

Moreover, the importing country has typically no jurisdiction over the production 

processes employed by the exporting country. One could argue that the exporting 

country, in allowing the pollutants to be produced, is the country to which the 

pollution should be attributed.

One way in which both the informational and conceptual problems raised with the 

incorporation of the pollution associated with imports can be met, whilst still 

maintaining the consumption orientation of that measure, is to adopt a neo-classical, 

rather than the standard Keynesian economic approach to attribution in the IO 

framework. In such an approach, rather than exports being seen as exogenous, they 

are treated as endogenous: the country exports simply to finance its imports. That is 

to say, rather than endogenising the household sector, as in the standard Type II 

pollution-output multipliers, one endogenises the trade sector, to generate what I 

refer to here as a neo-classical output-pollution multiplier. I introduce an NCLAS 
system for Jersey in Section 3.5 below.

In this analysis, I identify a trade sector that transforms exports into imports. Its 

inputs are therefore Jersey exports and its outputs are the imports that are used 

directly in consumption and indirectly as intermediates in the production process. In 
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so far as production or consumption requires imports, the pollution that is attributed 

is the pollution generated in the production of exports required to finance these 

imports. I also identify an investment sector where I endogenise capital formation. 

This allows me to isolate local private (households) and public (government) present 

final consumption as the only exogenously determined final demands that drive 

activity and therefore pollution generation in the economy. I call this process a neo­

classical linear attribution system because it focuses on local final consumption as 

the exogenous driver of economic activity, for example by taking the perspective 

that export production is driven by the need to import, and recognising the existence 

of supply constraints.

The NCLAS results that I report in Section 3.5 are based around the Jersey IO table 

and pollution coefficients. As such the focus is still on production and the pollution 

generated within the Jersey borders. However, the NCLAS approach attributes this 

pollution to consumption and the data give the different pollution intensities of 

different consumption expenditures. Again the validity of the NCLAS system does 

not require linearity or a lack of resource constraints.

3. Attribution Results For Jersey (1998)

3.1 Direct Emissions By Sector In Jersey In 1998

In Chapter 6 I derive the matrices Mi and Mz of direct emissions coefficients for the 

eight individual and one composite pollutants across the twenty-five production 

sectors and six final demand sectors that are responsible for the direct generation of 

emissions in the Jersey economy. I present these matrices in Table 6.15. Together 

with the standard IO tables for Jersey (constructed in Chapter 5) this provides the 
basis for conducting environmental IO analysis.

The most basic accounting exercise that can be done with an environmental IO 

system in the form of an IO table and a set of direct emissions coefficients for a 

given year is the estimation of the amount of different pollutants generated in the 
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economy during that year. See equation (7.1), where I multiply matrix Mi by the 

sectoral gross outputs (X) vector and matrix Mz by the vector of total final demand 

expenditures (CT). Summing the results of these two calculations gives the vector P 

of total pollution output. The direct contribution of each individual production sector, 

i, to the total output of pollution in the economy is calculated by multiplying each 

element of the ith column in Matrix M, by the total sectoral output of sector i, Xi. A 

similar procedure is used to allocate direct pollution generation to final demand each 

final demand sector, Cz. Formally, if matrices Mi and Mz are broken down into (Kxl) 

column vectors mi and mz , the (Kxl) vectors of pollutants directly generated by 

sector i and activity z, pi and pz, are given by

(7.11) pi = mi.Xi, Vi

(7.12) pz = mz.Cz,Vz

where Xi and Cz and the scalars of total sectoral output/expenditure. I present the 

results of estimating total pollution by sector in this manner below in Table 7.1 (the 

matrices Pi and Pz of total pollution by sector in the Jersey economy for 1998)3.

3 As I explain in Section 5 of Chapter 6, because I have already estimated emissions-by-sector in order 
to derive matrices Mi and Mz for Jersey (in Chapter 6, Section 3), the main purpose of carrying out 
this calculation here is to check that the environmental IO system successfully recreates base. If the 
reader compares the results shown in Table 7.1 with the estimates shown in Table 6.18 (Chapter 6), it 
is clear that the Jersey environmental IO system satisfies this restriction for all sectors (Table 6.13 is 
effectively the transpose of the matrices Pi and Pz shown in Table 7.1).

From the results in Table 7.1 (I report these in percentage terms in Table 6.18, 

Chapter 6) I can determine the main sources of direct pollution generation in the 

Jersey economy. The size of any one sector’s direct contribution to the total output of 

any one pollutant in the economy is determined by two factors: the emissions 

intensity of production/final consumption and the absolute size of the sector in terms 

of its gross output/total final demand expenditure.

For four of the eight individual pollutants the largest shares of total emissions are 

directly generated in the household sector. This is because household consumption is 
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a relatively pollution-intensive activity in Jersey, with the household sector having 

the third highest physical fuel consumption per £lmillion of activity (production of 

output or final demand expenditure) and relatively high levels of total expenditure. In 

countries with heavier industrial bases and where production is more transport­

intensive the contribution of the household sector to pollution generation will not be 

so great (though the absolute level of pollution produced by each household may be 

bigger). For example, my findings show that in Jersey the household sector is 

directly responsible for 41% of the global warming potential of the economy 
(measured by the composite GWP pollution indicator4). In economies like Scotland 

and the UK the contribution of households is half this figure or less (around 16% and 

21% respectively), despite the fact that UK household expenditure is more GWP 

intensive than in Jersey5. (The higher GWP intensity of UK household expenditure 

most likely results from the fact that it is more fuel intensive both in terms of motive 

(personal transport) and non-motive (heating) fuel use due to greater abundance of 

roads to drive on and what is, on average, a colder climate. However the 

proportionate contribution of households to total global warming potential in the UK 

will be lower than in Jersey because the structure of the UK economy is different, 

with a greater prevalence of polluting industrial activities, particularly in the 

manufacturing sector.)

4 The GWP index is a weighted sum of emissions of CO2 (with a weight of 1), methane (weight 21) 
and N2O (weight 310).
5 I derive comparative figures for Scotland and the UK using the UK NAMEA database (see Chapter 
6, Section 5, and Appendix 6B), which was supplied to me by Rocky Harris, Head of the 
Environmental Accounts Branch at National Statistics (see National Statistics, 2000, McGregor et al, 
2001c).

The Jersey economy does not have a heavy industrial base. Therefore, the direct 

generation of emissions in production activities tends to be concentrated in several 

key sectors. Generally, there are four sectors which dominate in terms of direct 

generation of emissions of all pollutants: ‘Electricity’, ‘Agriculture & Fishing’, ‘Sea 

& Air Transport and Transport Support’ (‘SATTS’) and ‘Public Services’. However, 

the contribution of these sectors to total emissions does vary across pollutants and is 

clearly related to production processes and activities with relatively high emissions 

intensities.
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Table 7.1 Total Direct Emissions (kilograms1) In Jersey, 1998, Generated In The Production 01 Sectoral And Total Output, And During final Consumption by Households and Tourists

Sector Agriculture Quarrying & Gas, Oil A Jersey Wholesale & Hotels, Rest Land Sea & Air Trans. Jersey Banks & Insurance Inv. Trusts & Computer Legal Other Bus.

Pollutant & Fishing Construction Manufacturing Electricity Water Fuel Diet. Telecom. Retail Trade & Catering & Trans Supp Post Building Soc. Companies Fund Mgrs Services Activities

Global warming potential (QWP) composite 31601128.04 7108226.41 5855754.23 61198692.39 162118.75 922019.03 230605.60 8682985.35 9809295.07 1293560.51 19513710.46 260406.46 89706.27 82951.20 1128459.42 254181.47 279969.84 54539.68 968000.41

Carbon dioxide (CO2) as carbon 14876951.45 7053355.26 5833039.98 81192461.89 160446.81 912873.17 228548.04 8601616.77 9789896.98 1280798.70 19478886.60 258969.79 89617.37 81883.01 1117011.02 251097.69 277268.17 53837.35 958203.10

Methane (CH4) 795207.35 267.23 334.25 170.48 31.97 140.31 23.43 1659.96 443.17 248.18 1436.82 6.33 2.99 35.62 381.94 94.58 58.64 23.42 179.48

Sulphur dioxide (SO2) 307605.36 3207.67 66503.43 443513.40 0.00 0.00 28,40 4448.49 30139.62 343.39 16265.49 443.22 352.86 0.00 936.60 14.86 0.00 0.00 0.00

Nitrous oxides (NOx) 127371.26 23503.05 34078.70 806207.23 782.78 6699.54 726.08 58674.69 47579.66 7986.55 357521.31 902.17 444.39 438.59 5838.54 1241.87 1028.01 288.37 3453.44

Non-mathane volatile organic compounds (NMVOC) 15088.94 10341.19 12324.92 11072.17 1160.33 4956.95 876.18 59443.00 17050.15 8930.86 100305.16 256.17 114.73 1297.69 13933.15 3450.13 2180.78 853.22 6614.69

Carbon monoxide (CO) 65775.63 28588.89 66779.86 43797.56 6829.06 26919.21 4553.86 349245.83 96088.77 52252.72 294942.24 849.47 692.40 8326.67 89239.75 21946.22 13074.91 5474.71 38999.77

Nitrogen dioxide (N20) 80.07 158.90 50.63 8.55 3.23 20.00 5.05 150.03 32.55 24.35 15.00 4.21 0.08 1.03 11.06 3.54 4.74 0.68 19.45

Black smoke 0.00 0.00 0.00 53852.00 0.00 0.00 0.00 0.00 0.00 0.00 19575.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sector Other Service Recreation, Health, Social Public Public Admin.

Pollutant Activities Culture A Sport Education Work A Housing Services A Defence

Global warming potential (GWP) composito 1902575.79 1804743.10 1261871.13 3757739.22 15169330.84 353806.92

Carbon dioxide (CO2) as carbon 1888953.77 1600809.91 1260708.64 3755254.59 15097454.20 353719.24

Methane (CH4) 286.39 62.91 7.83 22.59 3409.36 2.03

Sulphur dloxldo (SO2) 18365.34 2927.54 2798.31 5623.92 783,85 125.81

Nitrous oxides (NOx) 8628.05 6102.07 4868.84 13240.12 94940.59 1057.73

Non-mcthane volatile organic compounds (NMVOC) 10578.74 2504.37 464.97 1473.29 276336.29 153.25

Carbon monoxide (CO) 62370.15 12858.15 752.44 2050.76 1111528.29 170.35

Nitrogen dioxide (N20) 30.99 8.43 3.22 6.48 0.90 0.15

Black smoke 0.00 0.00 0.00 0.00 0.00 0.00

Total omissione 

from production

Household

1

Household

2

Household

3

Household

4

Household

6 Tourists

173546377.59 9484762.74 20693669.05 24408538.50 31357181.14 42938989.92 9421446.81

156451663.50 9007117.42 20066179.12 23729696.49 30599539.90 42109111.00 9101874.81

804537.26 21644.74 26971.28 28822.61 31607.70 34154.84 13523.38

906427.55 18517.97 19587.17 37487.40 28074.85 16699.62 0.00

1615601.83 37126.66 88914.83 105910.00 136265.55 176623.44 45450.88

561739.32 111103.17 282085.76 346317.76 432757.89 510691.25 158815.80

2403905.68 649143.16 1664677.98 2034931.15 2554113.17 3025129.09 945344.71

643.33 74.54 197.08 237.31 302.84 383.31 114.78

73427.00 0.00 0.00 0.00 0.00 0.00 0.00

138304588.15

134813518.74

156724.52

118367.00

590291.37

1841771.63

10673339.25

1289.85

0.00

TOTAL

EMISSIONS (kg) 

311850985.74 

291005182.24

961261.78 

1024794.55 

2205893.20 

2403510.94 

13277244.93

1933.18

73427.00

Notes
1. The GWP(GictalWsrfnbgPc*etitial) Intel htwetyAed turn crt C02fw«tyhM),nvtafiet«nlQM  21) and SIO): B therefore ebouM not be reed eeMogrem^ but àrrply neon Max that to ccmparn&lo acro* «eteri with In an economy and Krone difettnl economtoe



For example, electricity is generated in Jersey using a particularly pollution-intensive 

method which involves burning significant quantities of heavy fuel oil. ‘Electricity’ 

is the only sector that uses heavy fuel oil in production. Stationary combustion of 

heavy fuel oil using electricity generation technology has a high emissions intensity 

of air pollutants like NOx and SO2 (relative to stationary combustion of other fuel 

types in Jersey). Table 7.1 reveals that ‘Electricity’ is the production sector with the 

highest level of direct emissions of these two pollutants (accounting for 36.6% and 

43.3% of total NOx and SO2 emissions respectively - see Table 6.18). However, the 

scale of stationary fuel combustion is also an important determining factor to the 

contribution of ‘Electricity’ to emissions of all pollutants. For example, while 

combustion of heavy fuel oil in electricity generation has a similar CO2 intensity to 

stationary combustion of other fuels, ‘Electricity’ is the production sector with the 

highest contribution to total CO2 emissions on the Island (21%), and also to the GWP 

index (19.6%). For black smoke, only two sectors are direct emitters, ‘Electricity’ 

(73.3%) and ‘SATTS’ (26.7%).

Emissions in the ‘SATTS’ sector are mainly non-stationary emissions relating to 

aircraft takeoff and landing cycles. ‘SATTS’ is the main public transport sector on 

Jersey (it is three times the size of the ‘Land Transport’ sector, in terms of output 

produced, which is limited due to the small geographical size of the Island), and its 

activities are relatively pollution intensive. However, pollution intensity in this sector 

is not generally as high as the other three main polluting sectors identified above. 

The absolute size of the sector is the key factor determining the relative contribution 
of ‘SATTS’ to total pollution: it is the 11th largest sector (of the 25) in the Jersey 

economy in terms of gross output produced and the largest of the four main polluting 
sectors named above.

While scale is still important, the contributions of ‘Public Services’ and ‘Agriculture 

& Fishing’, on the other hand, are more related to the emissions intensity of 

production. In the ‘Public Services’ sector the process of waste incineration is highly 

intensive in the production of gases like NOX and CO2, the latter leading to this 
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sector having the second highest GWP intensity. 'Agriculture & Fishing’ has 

relatively high emissions intensity across most of the pollutants identified here. This 

is due to the fuel-intensity of production in this sector (only ‘Electricity’ uses more 

fuel per unit of output produced) and, in the case of methane (CH4), to the emissions 

intensity of using livestock in production.

Together, the four main direct polluting sectors (‘Electricity’, ‘Agriculture & 

Fishing’, ‘SATTS’ and ‘Public Services’) account for the bulk (between 63% and 

100%) of all emissions directly generated in production for seven out of the eight 

individual pollutants identified here. The only exception is N2O. Note that in the 

current Jersey environmental IO model I only report N2O emissions as being 
generated by a single source - automotive fuel use6. The two biggest automotive fuel 

users on the island are households (70.5% of total petrol and diesel) and tourists 

(6.9%), and therefore the bulk (66.7%7) of N20 emissions are directly generated by 

these final demand sectors. In the production sector, the contribution of individual 

sectors to total N2O emissions also correlates with automotive fuel use, with 

‘Wholesale & Retail Trade’ (7.8%), ‘Quarrying & Construction’ (8.2%), 

‘Manufacturing’ (2.6%) and ‘Hotels, Restaurants & Catering’ (1.7%) being the main 

direct contributors (along with ‘Agriculture & Fishing’ (4.1%)).

6 As I explain in Chapter 6, Section 3.3.4, I would also expect to see N2O emissions arising from at 
least one non-fuel-combustion related source. This is agricultural production in Jersey, where the use 
of fertilisers would be expected to give rise to N2O emissions. However, at this time appropriate data 
are not available on the physical use of fertilisers in agriculture or on emissions factors for this source.
7 Households and tourists mainly combust automotive fuel in petrol-fuelled vehicles. From Table 6.2 
in Chapter 6 we can see that these are less N2O-intensive than diesel-fuelled vehicles. This explains 
why the share of direct N2O emissions generated by these final demand sectors is lower than their 
share of automotive fuel use.

So far I have only examined the direct contribution of production and final demand 

sectors by estimating total emissions generation by each individual sector using the 

direct emissions intensity coefficients and the output and final demand expenditure 

data from the standard IO table. However, in a conventional IO system all activity is 

driven by demand: by looking along the rows of an IO table we see that the total 

sectoral output of each sector can be accounted for as being produced to meet 

intermediate or final demand. This has two main implications in terms of 
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determining the actual contribution of individual sectors to total pollution generated 

in the economy.

The first implication is that in order to produce their output, each sector purchases 

inputs from other sectors of the economy, and this means that there will be additional 

indirect emissions attributable to the production of that output. Put another way, the 

direct emissions generated in the production of any sector’s output, e.g. that of the 

‘Electricity’ sector, means that there is pollution generation embodied in that output. 

This has the implication that when other sectors purchase electricity in order to 

produce their own output they are indirectly responsible for emissions generated in 

the ‘Electricity’ sector. The IO table (Table 5.3) tells us that in the base year (long- 

run equilibrium) case only 47% of the output of the Jersey ‘Electricity’ sector is 

produced to meet its own final demand requirements. The other 53% is produced to 

meet intermediate demand from other production sectors in order to meet their final 

demand requirements, or further intermediate demand. If we want to determine the 

full pollution impact of each sector’s production to meet its own final demand 

requirements, taking into account the emissions embodied in all inputs used, the 

environmental IO system can be used for output-pollution multiplier analysis.

In an IO system conventionally all production activity can be represented as being 

ultimately driven by final demand. So far I have only reported the direct contribution 

of final demand sectors to total pollution: in Chapter 6 I explain that in Jersey these 

arise from human waste and from consumption activities that involve combusting 

energy commodities. However, all other goods and services consumed by final 

demand sectors are likely to have some degree of embodied pollution. If we want to 

determine the full pollution impact of each final demand sector’s consumption 

activities, taking into account all the pollution engendered in the 

production/provision of consumption goods and services, the multiplier analyses can 

be extended to conduct what is referred to as ‘attribution to final demand’.
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Table 7J Type I Leontief Inverse - Jersey 1998

Secton Agriculture

A Rehlng

Quarrying A

Manufacturing Electricity

Qae, Oil A

Fuel Diet.

J.iwy Wholesale A

Retail Trade

Hotels, Rest.

A Catering Transport

See & Air Trane.

ATraneSupp

■“T Bonks A

Building Sec.

insurance tnv. Trusts A

Fund Mgre

Computer Legal

Aethrtttee

Other Bus.

Activities

Other Sendee

Activities

Recreation, Hearth, Social

Work A Housing

Public Public Admin.

Agriculture A Fishing 1.01099 0.00095 0.11213 0.00034 0.00076 0.00140 0.00261 0.00180 0.03233 0.00139 0.00009 0.00200 0.00017 0.00130 0.00206 0.00093 0.00160 0.00082 0.00129 0.00080 0.02053 0.00052 0.00283 0.00069 0.00014

Quarrying & Construction 0.02700 1.04597 0.01982 0.00512 0.03979 0.06069 0.05024 0.01182 0.02555 0.00624 0.02905 0.02125 0.00100 0.01647 0.00460 0.00538 0.00900 0.00700 0.00280 0.00115 0.05183 0.05741 0.03281 0.18590 0.02444

Man utoctw ring 0.00887 0.00797 1.01885 0.00306 0.00598 0.01258 0.02224 0.00713 0.01637 0.01222 0.00070 0.01695 0.00142 0.01067 0.01816 0.00662 0.01445 0.00700 0.01124 0.00720 0.01079 0.00192 0.01136 0.00564 0.00078

Electricity 0.02884 0.00377 0.02791 1.00052 0.04516 0.00465 0.01117 0.01683 0.02180 0.00565 0.03434 0.00735 0.00035 0.00388 0.00280 0.00611 0.00605 0.00533 0.00428 , 0.00688 0.02430 0.01079 0.01574 0.03737 0.00527

Water 0.00880 0.00021 0.00587 0.00478 1.00033 0.00034 0.00030 0.00063 0.00468 0.00080 0.00242 0.00049 0.00002 0.00056 0.00031 0.00021 0.00045 0.00013 0.00039 0.00066 0.00446 0.00375 0.00572 0.01458 0.00205

Qa, oft Muti attribution 0.01101 0.00170 0.00449 0.00048 0.00089 1.00229 0.00067 0.00149 0.00661 0.00325 0.00142 0.00091 0.00002 0.00030 0.00036 0.00078 0.00041 0.00016 0.00064 0.00301 0.00840 0.00508 0.00780 0.02014 0.00281

Jersey Teloaommunlastions 0.00769 0.00619 0.00620 0.00458 0.00622 0.01052 1.00210 0.01037 0.00843 0.00644 0.00135 0.00458 0.00105 0.01510 0.00647 0.01314 0.01020 0.01180 0.01185 0.00312 0.00990 0.00666 0.00969 0.01720 0.002O2

Wholesale & Roto» Trade 0.04688 0.02623 0.02425 0.00177 0.02555 0.00318 0.12517 1.00737 0.01079 0.00146 0.00098 0.00375 0.00020 0.00425 0.00138 0.00197 0.00233 0.00184 0.00245 0.00102 0.01159 0.04511 0.05291 0.03089 0.00430

Hotels, Restaurant« l Catering 0.00050 0.00137 0.00176 0.00003 0.00028 0.00018 0.00044 0.00024 1.00152 0.00132 0.00018 0.00428 0.00018 0.00130 0.00103 0.00033 0.00009 0.00121 0.00082 0.00016 0.00193 0.00166 0.00414 0.00127 0.00030

Land Trane port 0.00107 0.00111 0.00162 0.00002 0.00008 0.00009 0.00034 0.00019 0.00129 1.00008 0.00003 0.00023 0.00001 0.00081 0.00062 0.00003 0.00017 0.00220 0.00008 0.00004 0.00061 0.00175 0.00212 0.02216 0.00018

5m & Air Transport * Transport Support 0.00104 0.00080 0.01099 0.00192 0.00085 0.00092 0.00290 0.00633 0.00665 0.00420 1.00034 0.04283 0.00035 0.00196 0.00320 0.00289 0.00137 0.00110 0.00084 0.00657 0.00284 0.001S3 0.00299 0.00155 0.00027

Jersey Poet 0.00679 0.00292 0.00560 0.00329 0.01042 0.01365 0.00766 0.01526 0.00412 0.07061 0.00039 1.00601 0.00136 0.02585 0.00656 0.00283 0.00588 0.00257 0.01040 0.00327 0.00836 0.00478 0.00570 0.01271 0.00133

Banka a Building Soclstlso 0.06724 0.01770 0.02247 0.00256 0.13657 0.00722 0.00345 0.00819 0.10605 0.01022 0.00115 0.00282 1.00013 0.00583 0.01371 0.00130 0.00318 0.00125 0.00377 0.01296 0.00963 0.00585 0.00635 0.00577 0.00112

Insurance CompanlM 0.01143 0.00405 0.00503 0.00054 0.01044 0.00074 0.00244 0.00373 0.00558 0.00557 0.00118 0.00093 0.00006 1.00171 0.00227 0.00511 0.00734 0.00143 0.01056 0.00602 0.00311 0.00332 0.00230 0.00334 0.00019

investment Trusts ft Fund Managers 0.00039 0.00007 0.00801 0.00002 0.00005 0.00010 0.00020 0.00027 0.00025 0.00010 0.00001 0.00013 0.00001 0.00009 1.00014 0.00005 0.00011 0.00006 0.00009 0.00008 0.00009 0.00002 0.00010 0.00005 0.00001

Computer Sendees 0.00251 0.00280 0.00243 0.00018 0.00167 0.00787 0.01205 0.00432 0.00288 0.00472 0.00018 0.00301 0.00043 0.00248 0.00392 1.00002 0.00230 0.04762 0.00815 0.00056 0.00320 0.00237 0.00405 0.00120 0.00074

Legal Activities 0.02751 0.00676 0.02044 0.00750 0.01103 0.00773 0.00974 0.03268 0.03248 0.03143 0.00066 0.00681 0.00339 0.04826 0.03042 0.02542 1.03168 0.00874 0.03738 0.00592 0.03337 0.00272 0.01781 0.00732 0.00160

Accountancy 0.00607 0.00389 0.00482 0.00081 0.00352 0.00159 0.00131 0.00571 0.00534 0.00648 0.00021 0.00081 0.00036 0.01407 0.00248 0.00318 0.00354 1.00073 0.00952 0.00799 0.00304 0.00188 0.00208 0.00132 0.00032

Outer Butinas« Acuvtuss 0.15659 0.02400 0.05547 0.00581 0.18208 0.02891 0.02208 0.05920 0.02854 0.04455 0.00430 0.06487 0.00178 0.05290 0.02496 0.03340 0.02427 0.05005 1.05438 0.01204 0.04524 0.01699 0.03061 0.03131 0.00356

Other Sendees AothrttiM 0.03054 0.00564 0X11139 0.00012 0.00280 0.01390 0.00338 0.00908 0.00488 0.01435 0.00237 0.00268 0.00012 0.00107 0.00053 0.00207 0.00079 0.00052 0.00182 1.00118 0.00691 0.00289 0.00209 0.00865 0.00163

Reoraetton, Culture A Sport 0.00001 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00207 0.00000 0.00001 0.00000 0.00154

Education 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000 0.00000 0.00000 oxnooo 0.00000 0.00000 0.00000 0.00000 0.00000 0.00060 0.00000 0.00000 1.00000 0.00000 0.00000 0.00000

Health, Social Work * Housing 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 0.00000 0.00000

Public Sendees 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 0.00000

Public Admfnatratton A Defence 0.00448 0.00018 0.00188 0.00203 0.00523 0,00194 0.00094 0.00191 0.00093 0.00160 0.00063 0.00010 0.00008 0.00093 0.00031 0.00118 0.00137 0.00066 0.00011 0.00028 0.00279 0.00093 0.00603 0.00288 1.00012

Total * Type 1 output multipliers 14810 1.1641 1.3694 1.0455 14097 1.1802 1.2816 1.2043 1.3269 1.2325 1.0821 1.1926 1.0125 1.2098 1.1263 1.1136 1.1268 1.1522 1.1729 1.0829 1.2648 1.1781 1.2251 1X3920 1.0548



Table 7.3 Direct Plus Indirect Emissions Intensities (kg1) Per £1 million Final Demand For Outputs Of Local Production Sectors in Jersey 1998 - With All Final Demands Determined Exogenously (Type I Output-Pollution Multipliers)

Sectors

Pollutants

Agriculture

& Fishing

Quarrying &

Construction Manufacturing Electricity Water

Gas, Oil &

Fuel Dlst.

Jersey

Telecom.

Wholesale &

Retail Trade

Hotels, Rest.

& Catering

Land

Transport

Sea & Air Trans.

& Trans Supp

Jersey

Post

Banks &

Building Soc.

Global warming potential (GWP) composite 606039.114 40386.705 164837.190 1312998.241 77405.676 73605.245 29208.770 52113.102 95802.352 76965.054 325164.857 39815.605 925.476

Carbon dioxide (CO2) as carbon 308064.402 39838.400 131526.963 1312758.528 77001.679 72542.946 28333.753 51322.113 86156.989 75896.543 324624.687 39104.070 873.735

Methane (CH4) 14166.119 14.853 1575.247 8.535 14.010 29.471 38.125 30.549 455.535 32.217 22.054 29.637 2.416

Sulphur dioxide (SO2) 5763.733 65.804 1558.220 9510.040 440.486 70.688 141.459 193.967 533.700 99.658 590.315 129.970 5.713

Nitrous oxides (NOx) 2775.760 191.021 1152.549 17335.147 869.674 556.620 269.028 503.766 714.218 532.998 5707.106 413.121 9.491

Non-methane volatile organic compounds (NMVOC) 317.677 61.367 195.476 242.548 126.868 351.792 60.661 196.202 113.699 462.614 1444.756 88.763 1.410

Carbon monoxide (CO) 1437.035 207.471 984.326 960.158 715.935 1902.730 316.365 1115.510 593.663 2681.961 4263.212 287.104 6.360

Nitrogen dioxide (N20) 1.568 0.763 0.742 0.195 0.354 1.430 0.240 0.482 0.255 1.264 0.249 0.288 0.003

Black smoke 31.248 4.574 35.273 1154.695 52.318 5.508 13.716 20.950 27.008 7.694 319.234 20.448 0.497

Notes:
1. The GWP (Global Warming Potential) Index is a weighted sumo! CO2 (weight 1), methane (weight 21) and N2O (weight 310): it therefore should not be read as'kilograms' but simply as an index that is comparable across sectors within an economy and across different economies

Sectors Insurance Inv. Trusts & Computer Legal Other Bus. Other Service Recreation, Health, Social Public Public Admin.

Pollutants Companies Fund Mgrs Services Activities Accountancy Activities Activities Culture & Sport Education Work & Housing Services & Defence

Global warming potential (GWP) composite 11801.404 11429.914 25067.616 14326.549 10660.002 19422.770 87680.157 86213.792 39476.333 51330.456 631019.560 14672.747

Carbon dioxide (CO2) as carbon 11361.791 10772.053 24607.802 13810.164 10388.457 18917.969 86817.750 80030.700 39268.164 50498.670 628017.229 14617.753

Methane (CH4) 19.731 30.347 18.568 23.324 12.251 20.338 22.794 289.780 7.914 37.720 139.217 2.155

Sulphur dioxide (SO2) 53.340 54.509 70.765 76.955 60.783 57.094 799.801 424.943 156.301 211.086 402.229 55.419

Nitrous oxides (NOx) 106.221 98.727 198.978 136.179 113.560 129.378 509.345 644.284 294.777 402.047 4276.876 117.677

Non-methane volatile organic compounds (NMVOC) 57.669 59.496 206.652 35.925 29.425 86.588 434.278 91.096 29.189 39.008 10446.577 8.810

Carbon monoxide (CO) 347.985 357.122 1292.094 204.390 173.871 503.808 2520.089 452.240 118.880 160.242 42060.747 31.402

Nitrogen dioxide (N20) 0.082 0.066 0.225 0.086 0.046 0.251 1.238 0.315 0.135 0.128 0.254 0.031

Black smoke 5.021 4.124 7.855 7.360 6.452 5.176 10.334 28.771 12.876 18.998 43.538 6.161



3.2 Jersey Output-Pollution Multipliers

In standard IO analysis Type I (direct plus indirect) output multipliers are given by 

the column totals of the Type I Leontief inverse. The Leontief inverse is expressed as 
[I-A]'1, where I is the Ixl identity matrix and A is the ixi matrix of input coefficients 

derived from the base year IO table (see Section 2). Each element in the ith column 

of the Leontief inverse tells us how the output of each of the other production sectors 

is affected by one monetary unit of final demand for the output of sector i. Therefore 

the column total for sector i tells us how much output in the economy is supported by 

one unit of final demand for the output of sector i - i.e. this is the output multiplier 

for sector i. I show the (25x25) Type I Leontief inverse for Jersey in 1998 in Table 

7.2.

To determine how much local pollution is supported by one monetary unit of final 

demand for each sector’s output, given the fixed output-pollution relationship 

assumed in the environmental IO system, I multiply the Leontief inverse by the (Kxl) 

matrix of output-pollution coefficients. The result is a Kxl matrix of Type I output­

pollution multipliers, Mu, expressed as

(7.13) Mu = MiP-A]1

I show the (9x25) matrix of Type I output-pollution multipliers for Jersey (in 1998) 

in Table 7.3. The Type I output-pollution multipliers give us the direct plus indirect 

emissions intensities of each production sector for each of the pollutants identified. 

In other words, each element of matrix Mu is the amount (in kilograms) of pollutant 

k that is generated directly or indirectly throughout the economy by one monetary 

unit of the output of each sector i produced to meet final demand.

Note that the direct plus indirect emissions intensities shown in Table 7.3 are all 

necessarily higher than their counterparts in Table 6.15, which only reports the direct 

emissions intensities. The size of the difference between the direct and the direct plus 

indirect emissions intensities will vary from sector to sector. This will depend on 
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whether the pollution that the sector in question is responsible for is largely 

generated during its own production activities, or whether it is mainly a consequence 

of its pattern of intermediate purchases. For example sectors like ‘Water’, 

‘Telecommunications’ and ‘Hotels, Restaurants & Catering’ show significant 

indirect effects: all have relatively strong backward linkages in the local economy 

and low direct pollution intensities. ‘Agriculture & Fishing’ also has relatively strong 

backward linkages in the local economy; however the resulting indirect intensities 

are small relative to the direct intensity of production in this sector.

However, the Type I output-pollution multipliers ignore the fact that for each unit of 

output produced in any one sector, the associated wage payments for household 

labour services fund consumption in the economy. In other words, I have so far not 

allowed for any income and consumption effects associated with the production of 

one unit of output in each sector. This is because until now I have treated household 

consumption as an element of exogenously determined final demand in the IO 

system. However, the income from employment associated with final demand for 

one unit of any given one sector’s output will affect the total level of household 

expenditure and emissions in the economy. This is because households are 

responsible for generating domestic emissions both directly, by purchasing and 

burning fuels, and indirectly by purchasing locally produced goods and services 

which have entailed pollution generation in their production. Therefore, in addition 

to the direct and indirect emissions effects captured in the Type I output-pollution 

multipliers, we may also want to consider any induced increase in emissions 

resulting from additional consumer expenditure funded by increased income from 

employment.

In order to incorporate induced effects, along with the direct and indirect ones 

captured in the Type I output-pollution multipliers, I have to treat the share of 

household consumption that is financed by income from employment in local 

production sectors as being endogenous to the system. What this essentially means is 

that I treat households as being like a production sector whose output is the labour 

sold to the other production sectors (with ‘input’ purchases being consumer 
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expenditure in the local economy) rather than as a standard final demand sector. In 

this, way that part of consumer expenditure that is funded by income from 

employment becomes endogenously determined from within the system, rather than 

being exogenously determined in the way that final demands in an IO system are set.

The output-pollution multipliers that incorporate this induced impact on emissions 

are referred to as Type II and are derived using the Type II Leontief inverse. In 

addition to the direct and indirect effects of the Type I case, the Type II multipliers 

incorporate the induced output effects on all sectors resulting from a unitary increase 

in final demand for any one sector’s output. This is achieved through the additions of 

an extra row, for income from employment in each sector, i, (as a proportion of total 

sectoral output, Xi), and an extra column, for consumer expenditure on the outputs of 

each local production sector, i (as a proportion of total income from employment). 

Therefore, in the Jersey case the Type II Leontief inverse will be a 26x26 matrix, [I- 
A*]'1: see Table 7.4 (below).

Because Jersey households are responsible for direct emissions generation, in order 

to derive the matrix of Type II output-pollution multipliers I also have to introduce a 

vector of direct emissions coefficients reflecting the amount of pollution generated 

by one monetary unit (£lmillion) of income from employment. (Income from 

employment, the revenue on selling labour services, reflects the value of household 

output just as revenue from sales of output reflects the value of output from standard 
production sectors.) In matrix Mz (the 9x2 version8) I already have a vector, nih, of 

direct emissions coefficients for (aggregate) households, expressing the amount of 

pollution directly generated per £lmillion of total household expenditure. If I make 

the assumption that total IO expenditure is funded by present income, mh can also be 

regarded as a vector of household income-pollution coefficients9. However, the only 

8 Table 6.15 includes a 9x6 matrix Mz of direct emissions coefficients for five household groups and 
tourists. However, as I explain in Section 4 of Chapter 6, because data were not available on sources 
of income from employment disaggregated by income band, Table 6.15 also includes an alternative 
vector of household emissions coefficients for aggregate households. Substituting this into Mz gives 
us a 9x2 matrix.
9 In fact, the Jersey SAM (Table 5.7) tells us that total household income in 1998 was £l,563.4million. 
The excess over the £1059.2million IO expenditure is spread over other payments to corporations (e.g. 
rents, interest payments), government (income taxes and social security contributions) and savings.
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type of income recorded in the IO system is income from employment. From the 

Jersey IO table (Table 5.3) it is clear that consumer expenditure exceeds income 

from employment, with a portion being funded by non-wage income.

Therefore I endogenise that part of household expenditure that is equal to income 

from employment. This involves combining the vector of household direct emissions 

intensities with the existing direct emissions intensities matrix, Mi, for the production 

sector of the economy. The result is a new (Kx(I+l)) matrix Mi(+h), where

(7.14) Mi(+h) = [Mi : mJ

The (9x26) matrix Mi2 of Type II output-pollution multipliers will then take the form

(7.15) Mb = M,(+h) d-A’]-1

I should point out that the manner in which I have split household consumption into 

endogenous and exogenous components is based on the assumption that all wage 

income goes to local household income (none remitted abroad) and that other 

elements of household income are exogenous. However some other household 

consumption may also be determined endogenously, for example if it is funded by 

profit income earned from businesses owned and/or operated by local households. A 

more sophisticated treatment of household income and expenditure could be 

attempted in a system based on the social accounting matrix (SAM) for Jersey, which 

is constructed in Chapter 5 and includes fuller information on income flows. At this 

stage, however, the analysis is limited to the more basic treatment that is possible 
using the Jersey IO system.

However, because part of household expenditure remains exogenously determined 

(i.e. not funded from income from employment), the vector of household direct 

emissions intensities, mh, also remains in the matrix Mz of final demand expenditure­

pollution coefficients.
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Table 7.4 Type II Leontief Inverse - Jersey 1998

Secton Agriculture 

ft Fishing

Quarrying ft

Construction Manufacturing Electricity Water

One, OH ft 

Fuel Diet.

J.~» Wholesale ft

Retail Trade

Hotels, Rest

ft Catering

Land

Transport

Sea ft Air Trans, 

ft Trans Supp

Jersey

Poet Building Boa.

insurance Inv. Trusts ft

Fund Mgra

Computer Legal

Activniee Accountancy

Other Bus. Other Service

Act Mt les

Recreation,

Education

Health, Social

Work ft Housing

Public PubBc Admin.

Agriculture ft Fishing 1.01874 0.00470 0.11669 0.00302 0.00420 0.00516 0.00602 0.00555 0.03594 0.00518 0.00338 0.00774 0.00163 0.00692 0.00522 0.00454 0.00590 0.00535 0.00663 0.00573 0.02472 0.00720 0.00792 0.00643 0.00734

Quarrying ft Construction 0.08317 1.06905 0.04787 0.02159 0.06143 0.08382 0.07122 0.03484 0.04777 0.02957 0.04929 0.05850 0.00997 0.05106 0.02408 0.02761 0.03543 0.03486 0.03586 0.03149 0.07768 0.09853 0.06538 0.20128 0.08873

Manufacturing 0.02999 0.02174 1.03380 0.01290 0.01891 0.02840 0.03477 0.02087 0.02964 0.02615 0.01287 0.03801 0.00679 0.03132 0.02980 0.01989 0.03023 0.02364 0.03088 0.02531 0.02817 0.02847 0.03082 0.02671 0.02722

EJsctricBy 0.05190 0.02012 0.04779 1.01220 0.06049 0.02095 0.02604 0.03294 0.03754 0.02218 0.04888 0.03233 0.00671 0.02839 0.01660 0.02188 0.02478 0.02507 0.02757 0.02838 0.04256 0.03993 0.03881 0.06237 0.03866

Water 0.01113 0.00369 0.01010 0.00728 1.00360 0.00382 0.00352 0.00410 0.00802 0.00412 0.00547 0.00581 0.00137 0.00577 0.00325 0.00366 0.00443 0.00433 0.00535 0.00523 0.00834 0.00994 0.01063 0.01989 0.00873

Gob, ell ft fuel dletributlon 0.01965 0.00733 0.01134 0.00450 0.00617 1.00794 0.00579 0.00711 0.01204 0.00895 0.00637 0.00952 0.00221 0.00874 0.00514 0.00621 0.00686 0.00697 0.00887 0.01042 0.01488 0.01513 0.01575 0.02876 0.01383

Jersey Teieooflvnunlcatlons 0.03440 0.02382 0.02738 0.01702 0.02257 0.02799 1.01794 0.02776 0.02521 0.02406 0.01663 0.03121 0.00784 0.04123 0.02118 0.02993 0.03016 0.03285 0.03667 0.02603 0.02941 0.03772 0.03427 0.04386 0.03547

Wholeeele ft Retell Trod« 0.17212 0.10856 0.12435 0.06055 0.10280 0.08574 0.20003 1.08951 0.09007 0.08471 0.07321 0.12958 0.03225 0.12767 0.07091 0.08131 0.09664 0.10128 0.11973 0.10929 0.10349 0.19188 0.18907 0.15681 0.16234

Hotel», Reetaurarrts ft Catering 0.04523 0.03054 0.03721 0.02086 0.02763 0.02944 0.02697 0.02934 1.02961 0.03082 0.02577 0.04888 0.01154 0.04503 0.02587 0.02844 0.03351 0.03844 0.04238 0.03854 0.03449 0.05386 0.04530 0.04589 0.05830

Land Trane port 0.00346 0.00267 0.00352 0.00113 0.00154 0.00166 0.00178 0.00175 0.00279 1.00164 0X10140 0.00261 0.00062 0.00316 0.00194 0.00154 0.00196 0.00409 0.00230 0.00209 0.00235 0.00453 0.00433 0.02455 0.00318

Sea ft Air Transport ft Transport Support 0.02013 0.01328 0.02613 0.01082 0.01253 0.01341 0.01428 0.01876 0.01065 0.01679 1.01127 0.06186 0.00520 0.02063 0.01372 0.01489 0.01563 0.01614 0.01858 0.02495 0.01854 0.02373 0.02057 0.02060 0.02418

Jersey Poet 0.01212 0.00640 0.00983 0.00578 0.01389 0.01714 0.01082 0.01872 0.00747 0.07413 0.00344 1^1133 0.00271 0.03108 0.00950 0.00619 0.00988 0.00677 0.01536 0.00785 0.01224 0.01098 0.01061 0.01803 0.00801

Bank» ft Building Societies 0.11327 0.04773 0.05897 0.02400 0.16474 0.03733 0.03075 0.03814 0.13496 0.04058 0.02749 0.04850 1.01181 0.05084 0.03907 0.03023 0.03757 0.03751 0.04854 0.05244 0.04314 0.05936 0.04871 0.05169 0.05875

insurance Comport»» 0.02072 0.01533 0.01874 0.00859 0.02102 0.01205 0.01270 0.01498 0.01644 0.01698 0.01108 0.01817 0.00445 1.01862 0.01179 0.01598 0.02026 0.01605 0.02863 0.02085 0.01570 0.02343 0.01822 0.02059 0.02184

Inveetment Trust» ft Fund Managers 0.00059 0.00020 0.00817 0.00012 0.00017 0.00023 0.00032 0.00040 0.00037 0.00023 0.00012 0.00033 0.00008 0.00028 1.00025 0.00018 0.00028 0.00021 0.00027 0.00023 0.00024 0.00026 0.00028 0.00025 0.00028

Computer Sendees 0.00424 0.00378 0.00381 0.00098 0.00272 0.00880 0.01307 0.00544 0.00397 0.00588 0.00117 0.00473 0.00087 0.00417 0.00488 1.00171 0.00359 0.04898 0.00975 0.00208 0.00448 0.00438 0.00564 0.00292 0.00291

Legal Acthrltleo 0.06437 0.03080 0.04967 0.02468 0.03356 0.03184 0.03160 0.05867 0.05563 0.05574 0.02175 0.04355 0.01276 0.08430 0.05072 0.04859 1.05940 0.03778 0.07163 0.03753 0.06021 0.04558 0.05173 0.04410 0.04781

Accountancy 0.00065 0.00557 0.00688 0.00201 0.00509 0.00328 0.00284 0.00739 0.00698 0.00818 0.00168 0.00338 0.00101 0.01859 0.00390 0.00480 0.00547 1.00276 0.01192 0.01020 0.00492 0.00488 0.00446 0.00389 0.00355

Other Business Acthrftleo 0.17067 0.03840 0.07298 0.01609 0.17559 0.04335 0.03518 0.07357 0.04241 0.05911 0.01693 0.08687 0.00738 0.07448 0.03713 0.04728 0.04076 0.06744 1.07490 0.03098 0.06131 0.04268 0.05093 0.05333 0.03120

Othsr Services ActMtleo 0.04635 0.01596 0.02393 0.00749 0.01247 0.02424 0.01276 0.01935 0.01481 0.02478 0.01142 0.01842 0.00413 0.01654 0.00924 0.01201 0.01260 0.01297 0.01851 1.01474 0.01842 0.02127 0.01864 0.02443 0.02142

Rscrartlcn, Culture ft Sport 0.02299 0.01499 0.01822 0.01070 0.01407 0.01503 0.01363 0.01496 0.01443 0.01518 0.01315 0.02290 0.00583 0.02247 0.01268 0.01444 0.01717 0.01810 0.02135 0.01971 1.01880 0.02671 0.02115 0.02293 0.03031

Education 0.01867 0.01218 0.01481 0.00870 0.01143 0.01221 0.01107 0.01215 0.01173 0.01232 0.01068 0.01881 0.00474 0.01826 0.01029 0.01174 0.01398 0.01471 0.01735 0.01602 0.01359 1.02171 0.01718 0.01883 0.02338

Hearth, Social Work ft Housing 0.06706 0.04426 0.05381 0.03160 0.04152 0.04438 0.04024 0.04416 0.04282 0.04475 0.03883 0.06763 0.01723 0.06635 0.03737 0.04285 0.05070 0.05345 0.06305 0.05820 0.04940 0.07889 1.06244 0.06769 0.08498

Public Sendees 0.00011 0.00007 0.00008 0.00005 0.00006 0.00007 0.00006 0.00007 0.00007 0.00007 0.00008 0.00011 0.00003 0.00010 0.00008 0.00007 0.00008 0.00008 0.00010 0.00009 0.00008 0.00012 0.00010 1.00011 0.00013

Public Adminetration ft Defence 0.01044 0.00406 0.00661 0.00481 0.00888 0.00583 0.00447 0.00579 0.00487 0.00553 0.00404 0.00604 0.00157 0.00675 0.00359 0.00493 0.00582 0.00537 0.00585 0.00539 0.00713 0.00786 0.01151 0.00883 1.00768

Income from Employment 0.85573 0.55815 0.67853 0.39847 0.52382 0.55969 0.50748 0.55682 0.53743 0.56436 0.48980 0.B5285 0.21722 0.83666 0.47131 0.537B4 0.83932 0.67407 0.79504 0.73392 0.62297 0.99480 0.78743 0.85382 1.07132

Total« Type II output muttlpllara 2.9007 2.1032 2.5110 1.7159 2.3506 2.1216 2.1353 2.1411 2^310 2.1820 1.9058 2.5274 1.3779 2.6174 1.9193 2.0184 2.2024 2.2863 25104 2.3176 2.3129 2.8518 25498 2.8282 2.8572



Table 7.5 Direct Plus Indirect Plus Induced Emissions Intensities (kg1) Per £1 million Final Demand For Outputs Of Local Production Sectors In Jersey 1998 - With Household Expenditure Determined Endogenously (Type II Output-Pollution Mt

Sectors

Pollutants

Agriculture 

& Fishing

Quarrying &

Construction Manufacturing Electricity Water

Gas, Oil &

Fuel Dist.

Jersey

Telecom.

Wholesale &

Retail Trade

Hotels, Rest.

& Catering

Land

Transport

Sea & Air Trans.

& Trans Supp

Jersey

Post

Banks &

Building Soc.

Global warming potential (GWP) composite 764503.408 143743.774 290486.437 1386786.364 174368.418 177247.929 123180.703 155224.121 195322.944 181472.588 415828.701 197746.133 41149.335

Carbon dioxide (CO2) as carbon 462023.750 140257.155 253604.156 1384448.945 171207.889 173239.195 119634.179 151501.811 182848.332 177433.055 412711.069 192544.826 39954.079

Methane (CH4) 14364.146 144.015 1732.267 100.746 135.181 158.990 155.559 159.403 579.902 162.816 135.354 226.997 52.682

Sulphur dioxide (S02) 6172.220 332.236 1882.116 9700.250 690.435 337.857 383.698 459.765 790.243 369.056 824.026 537.081 109.402

Nitrous oxides (NOx) 3825.514 875.715 1984.919 17823.960 1512.009 1243.206 891.550 1186.830 1373.497 1225.313 6307.713 1459.340 275.956

Non-methane volatile organic compounds (NMVOC) 1759.635 1001.873 1338.831 913.988 1009.188 1294.896 915.766 1134.469 1019.294 1413.589 2269.759 1525.864 367.430

Carbon monoxide (CO) 9832.870 5683.588 7641.538 4869.638 5853.264 7393.979 5295.234 6578.591 5866.513 8219.033 9066.810 8654.660 2137.521

Nitrogen dioxide (N20) 2.686 1.491 1.628 0.715 1.038 2.161 0.903 1.209 0.957 2.001 0.888 1.401 0.287

Black smoke 65.501 26.916 62.433 1170.645 73.278 27.911 34.029 43.238 48.520 30.284 338.832 54.586 9.191

Notes:
1. The GWP (Globa! Wanning Potential) Index is a weighted sum of CO2 (weight 1), methane (weight 21) and N2O (weight 310): it therefore should not be read as 'kilograms' but simply as an index that is comparable across sectors within an economy and across different economies

Sectors Insurance Inv. Trusts & Computer Legal Other Bus. Other Service Recreation, Health, Social Public Public Admin.

Pollutants Companies Fund Mgrs Services Activities Accountancy Activities Activities Culture & Sport Education Work & Housing Services & Defence

Global warming potential (GWP) composite 166734.379 98706.749 124665.426 132715.475 135483.555 166647.031 223586.673 201575.599 223692.547 197145.621 789092.639 213058.436

Carbon dioxide (CO2) as carbon 161890.211 95567.715 121374.168 128833.438 131663.429 161956.825 218860.610 192112.912 218247.337 192168.488 781596.484 207363.580

Methane (CH4) 213.345 139.414 143.032 171.270 168.239 204.319 192.632 433.944 238.123 219.941 336.756 250.071

Sulphur dioxide (SO2) 452.724 279.490 327.507 382.136 382.552 436.606 1150.139 722.321 631.171 586.966 809.708 566.815

Nitrous oxides (NOx) 1132.582 676.897 858.769 920.452 940.460 1104.672 1409.665 1408.504 1515.126 1368.007 5324.039 1431.893

Non-methane volatile organic compounds (NMVOC) 1467.494 853.678 1112.950 1113.215 1165.267 1426.266 1670.970 1140.840 1705.479 1365.865 11884.976 1814.037

Carbon monoxide (CO) 8556.722 4981.268 6569.036 6476.933 6787.336 8304.119 9720.757 6564.398 9879.117 7885.895 50435.855 10542.373

Nitrogen dioxide (N20) 1.174 0.682 0.928 0.921 0.926 1.289 2.196 1.129 1.434 1.156 1.369 1.430

Black smoke 38.510 22.990 29.384 32.951 33.433 37.000 39.711 53.708 52.696 50.517 77.706 49.044



Figure 7.1 Comparison of Direct, Direct Plus Indirect, And Direct Plus Indirect Plus Induced Global Warming 
Potential Of Production To Meet Final Demand And Of Exogenous Final Consumption In Jersey, 1998
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Figure 7.2 Comparison Of Direct, Direct Plus Indirect, And Direct Plus Indirect Plus Induced N2O Intensity 
Of Production To Meet Final Demand and Of Exogenous Final Consumption In Jersey, 1998
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I show matrix Mu for Jersey (1998) in Table 7.5. Note again that the direct plus 

indirect plus induced emissions coefficients in Table 7.5 are all necessarily higher 

than their counterparts in Tables 6.15 (matrix M,) and 7.3 (matrix Mn). The size of 

the increase in emissions intensities when induced effects are taken into account 

varies across sectors depending on the labour intensity of production and/or the level 

of wages paid in the sector in question. For comparative purposes I illustrate the 

direct emissions intensities of all 25 production sectors with the Type I and Type II 

output-pollution multipliers across the GWP composite pollutant and the individual 

(automotive fuel-related) pollutant N2O in Figures 7.1 and 7.2 respectively.

Note, for example, that both the GWP and N2O intensity of sectors ‘Other Service 

Activities’, ‘Post’ and ‘Land Transport’ increases quite dramatically when induced 

effects are taken into account - these are sectors where production is relatively 

labour intensive. The importance of induced effects is also apparent in sectors like 

‘Banks & Building Societies’ and ‘Investment Trusts and Fund Managers’, where 

labour intensity is relatively low, but average wages are significantly above the 

average wage in Jersey. Moreover both these sector have relatively low direct GWP 

and N2O intensities and weak backward linkages with other sectors in the local 

economy - i.e. the Type I output-GWP and output-N20 intensities are comparatively 

low. ‘Electricity’ is another sector that pays a relatively high sectoral wage. However 

the Type I (direct plus indirect) GWP intensity is so strong in the ‘Electricity’ sector 

that the induced effects are small by comparison. On the other hand, ‘Electricity’ has 

a relatively low Type I N2O intensity (due to the relatively low intensity of 

automotive fuel-use in this sector) so the induced effect is proportionately more 

significant for this pollutant.

3.3 Attribution To Final Demand By Commodity (To Production Sectors/ 
Intermediate Demand)

In Section 3.1 above I explain how the direct contribution of each individual 

production sector, i, to total emissions generation in the Jersey economy is 

determined using the vector of output-pollution (direct emissions) coefficients for 
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that sector and the scalar of total sector output, Xi, from the standard IO accounts. 

However, if I want to account for the full contribution of each sector in terms of the 

commodities it produces to sell to final demand - i.e. including indirect and induced 

effects — I use the output-pollution multipliers shown in Table 7.3 (matrix Mn) 

and/or 7.5 (matrix M^).

I have explained above how the output-pollution multipliers reflect the full 

environmental pressure of producing one unit of output to meet final demand in 

terms of the direct plus indirect emissions intensities (Type I output-pollution 

multipliers) and direct plus indirect plus induced emissions intensities (Type II 

output-pollution multipliers).

By multiplying each sector i’s vector of output-pollution multipliers10 by the scalar 

of total final demand for its outputs, Ci in the Type I case or Ci(.h) (= (Ci-Ci(h))) in the 

Type II case (where households are endogenous), I can determine the full amount of 

pollution attributable to each sector i. In formal terms, for the Type I case (where 

household expenditure is determined exogenously) I have a vector of total emissions 

(across all K pollutants) attributable to each production sector i, p^:

10 In the general discussion in Section 21 define the elements of the output-pollution multiplier matrix 
as Ekj. Here, for the specific cases of Type I and Type II analysis, I define these as (m^k and (mi2)k, 
respectively.

(7.16) pn = niii.Ci

Where mn is the Kxl vector of Type I output-pollution multipliers for sector i and Ci 

is the scalar of total final demand for the outputs of sector i. I report the results of 

calculating (7.16) for each sector i in kilograms in Table 7.6, and in percentage terms 

in Table 7.7 (i.e. (pn/P)*100, where P is the vector of total emissions generated in 

the economy as given by the final column of Table 7.1). Note that in Table 7.7 I also 

report the share of total emissions attributable to exogenous final consumption. 

These are emissions directly generated in final demand activities that cannot be 
attributed to production activities.
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Table 7.6 Total Direct Plus Indirect Emissions Generation (kg1) Attributable To The Production Of Sectoral Outputs To Meet Final Demand In Jersey (1998)

Sectors

Pollutants

Agriculture 

& Fishing

Quarrying &

Construction Manufacturing Electricity Water

Gas, Oli &

Fuel Dist

Jersey

Telecom.

Wholesale &

Retail Trade

Hotels, Rest.

& Catering

Land

Transport

Sea & Air Trans.

& Trans Supp

Jersey

Post

Banks &

Building Soc.

Global warming potential (GWP) composite 22480630 7405391 13015014 28814139 637144 648821 783769 16737473 21225088 1395993 20377479 118143 999585

Carbon dioxide (CO2) as carbon 11427450 7304852 10384945 28808879 633819 639457 760289 16483426 19088150 1376613 20343628 116032 943701

Methane (CH4) 525483 2723 124376 187 115 260 1023 9812 100924 584 1382 88 2609

Sulphur dioxide (SO2) 213802 12066 123032 208701 3626 623 3796 62298 118242 1808 36994 386 6171

Nitrous oxides (NOx) 102965 35026 91002 380425 7158 4907 7219 161798 158236 9668 357654 1226 10251

Non-methane volatile organic compounds (NMVOC) 11784 11252 15434 5323 1044 3101 1628 63015 25190 8391 90540 263 1523

Carbon monoxide (CO) 53306 38042 77719 21071 5893 16772 8489 358275 131526 48645 267168 852 6869

Nitrogen dioxide (N20) 58.2 139.8 58.6 4.3 2.9 12.6 6.4 154.8 56.6 22.9 15.6 0.9 3.5

Black smoke 1159 839 2785 25340 431 49 368 6729 5984 140 20006 61 536

Notes:
1. The GWP (Global Warming Potential) Index Is a weighted sum of C02 (weight 1 ), methane (weight 21) and N2O (weight 310): it therefore should not be read as 'kilograms' but simply as an Index that is comparable across sectors within an economy and across different economies

Sectors Insurance Inv. Trusts & Computer Legal Other Bus. Other Service Recreation, Health, Social Public Public Admin. Total Emissions (kg)

Pollutants Companies Fund Mgrs Services Activities Accountancy Activities Activities Culture & Sport Education Work & Housing Services & Defence Attributable to Production

Global warming potential (GWP) composite 274728 3409026 194421 589855 829536 398993 1419350 3671893 2431466 8122086 16771570 794786 173546378

Carbon dioxide (CO2) as carbon 264494 3212816 190854 568594 808405 388623 1405389 3408552 2418644 7990471 16691772 791807 156451664

Methane (CH4) 459 9051 144 960 953 418 369 12342 487 5969 3700 117 804537

Sulphur dioxide (SO2) 1242 16258 549 3168 4730 1173 12947 18099 9627 33400 10691 3002 906428

Nitrous oxides (NO>$ 2473 29446 1543 5607 8837 2658 8245 27440 18156 63616 113673 6374 1615602

Non-methane volatile organic compounds (NMVOC) 1342 17745 1603 1479 2290 1779 7030 3880 1798 6172 277655 477 561739

Carbon monoxide (CO) 8101 106513 10021 8415 13530 10350 40795 19261 7322 25355 1117913 1701 2403906

Nitrogen dioxide (N20) 1.9 19.8 1.7 3.5 3.6 5.1 20.0 13.4 8.3 20.2 6.8 1.7 643

Black smoke 117 1230 61 303 502 106 167 1225 793 3006 1157 334 73427



Table 7.7 Percentage Share In Total Emissions Generated In Jersey (1998) Attributable To Production Sectors And Exogenous Final Consumption: Type I Attribution To Final Demand By Commodity

Sectors Agriculture Quarrying & Gas, Oil & Jersey Wholesale & Hotels, Rest. Land Sea & Air Trans. Jersey Banks & Insurance Inv. Trusts &

Pollutants & Fishing Construction Manufacturing Electricity Water Fuel Dlst. Telecom. Retail Trade & Catering Transport & Trans Supp Post Building Soc. Companies Fund Mgrs

Global warming potential (GWP) composite 7.21 2.37 4.17 9.24 0.20 0.21 0.25 5.37 6.81 0.45 6.53 0.04 0.32 0.09 1.09

Carbon dioxide (COZ) as carbon 3.93 2.51 3.57 9.90 0.22 0.22 0.26 5.66 6.56 0.47 6.99 0.04 0.32 0.09 1.10

Methane (CH4) 54.67 0.28 12.94 0.02 0.01 0.03 0.11 1.02 10.50 0.06 0.14 0.01 0.27 0.05 0.94

Sulphur dioxide (SO2) 20.86 1.18 12.01 20.37 0.35 0.06 0.37 6.08 11.54 0.18 3.61 0.04 0.60 0.12 1.59

Nitrous oxides (NOx) 4.67 1.59 4.13 17.25 0.32 0.22 0.33 7.33 7.17 0.44 16.21 0.06 0.46 0.11 1.33

Non-methane volatile organic compounds (NMVOC) 0.49 0.47 0.64 0.22 0.04 0.13 0.07 2.62 1.05 0.35 3.77 0.01 0.06 0.06 0.74

Carbon monoxide (CO) 0.40 0.29 0.59 0.16 0.04 0.13 0.06 2.70 0.99 0.37 2.01 0.01 0.05 0.06 0.80

Nitrogen dioxide (N20) 3.01 7.23 3.03 0.22 0.15 0.65 0.33 8.01 2.93 1.19 0.81 0.04 0.18 0.10 1.02

Black smoke 1.58 1.14 3.79 34.51 0.59 0.07 0.50 9.16 8.15 0.19 27.25 0.08 0.73 0.16 1.68

Sectors Computer Legal Other Bus. Other Service Recreation, Health, Social Public Public Admin.

Pollutants Services Activities Accountancy Activities Activities Culture & Sport Education Work & Housing Services & Defence

Global warming potential (GWP) composite 0.06 0.19 0.27 0.13 0.46 1.18 0.78 2.60 5.38 0.25

Carbon dioxide (CO2) as carbon 0.07 0.20 0.28 0.13 0.48 1.17 0.83 2.75 5.73 0.27

Methane (CH4) 0.01 0.10 0.10 0.04 0.04 1.28 0.05 0.62 0.38 0.01

Sulphur dioxide (SO2) 0.05 0.31 0.46 0.11 1.26 1.77 0.94 3.26 1.04 0.29

Nitrous oxides (NOx) 0.07 0.25 0.40 0.12 0.37 1.24 0.82 2.88 5.15 0.29

Non-methane volatile organic compounds (NMVOC) 0.07 0.06 0.10 0.07 0.29 0.16 0.07 0.26 11.55 0.02

Carbon monoxide (CO) 0.08 0.06 0.10 0.08 0.31 0.15 0.06 0.19 8.42 0.01

Nitrogen dioxide (N20) 0.09 0.18 0.19 0.27 1.04 0.69 0.43 1.05 0.35 0.09

Black smoko 0.08 0.41 0.68 0.14 0.23 1.67 1.08 4.09 1.58 0.45

Exogenous Final

Consumption

Total

44.35 100

46.25 100

16.30 100

11.55 100

26.76 100

76.63 100

81.89 100

66.72 100

0.00 100



However, if it is thought that household expenditure is determined endogenously — 

i.e. by income from employment in the local production sector - total emissions 

(across all K pollutants) attributable to each production sector i, p& will be:

(7.17) pi2 = mi2.Ci(.h)

I report the results of calculating (7.16) for each sector i in kilograms in Table 7.8, 

and in percentage terms in Table 7.9. Again in Table 7.9 I also report the share of 

total emissions attributable to exogenous final consumption. Note from the final 

column of Table 7.8 that in the Type II case a higher level of total emissions are 

attributable to production: this is because the direct and indirect emissions generation 

that accompanies wage funded household expenditure is allocated to production in 

the Type II analysis.

In Figures 7.3 and 7.4 I compare the results for the three methods of attribution used 

so far (direct, Type I and Type II) in percentage terms across all 25 sectors of the 

Jersey economy for the GWP index and for N2O. As in Tables 7.7 and 7.9, Figures 3 

and 4 also show the share of total emissions attributable to exogenous final 

consumption (i.e. the emissions directly generated in final demand activities that 

cannot be attributed to production activities).

The first thing to note in Figures 7.3 and 7.4 is that for both the GWP index and N2O 

the largest contribution to total emissions in the direct and Type I cases are direct 

emissions from final demand sectors. This is particularly true in the case of the latter; 

we have seen that just over 77.4% of automotive fuel (the only source of N2O 

emissions in Jersey) supplied in 1998 was used directly by final consumers. 

However, in the Type II case this changes dramatically: with the bulk (95.5%) of IO 

expenditure by households taken to be endogenously determined by income from 

employment in the 25 production sectors, the share attributable to production sectors 

as a whole increases to at least 89% for all pollutants.
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Table 7.8 Total Direct Plus Indirect Plus Induced Emissions Generation (kg1) Attributable To The Production Of Sectoral Outputs To Meet Final Demand In Jersey (1998)

Sectors

Pollutants

Agriculture

& Fishing

Quarrying &

Construction Manufacturing Electricity Water

Gas, Oil &

Fuel Dlst.

Jersey

Telecom.

Wholesale &

Retail Trade

Hotels, Rest

& Catering

Land

Transport

Sea & Air Trans.

& Trans Supp

Jersey

Post

Banks &

Building Soc.

Global warming potential (GWP) composite 27101866 22305318 17257583 456439 570608 79366 -34488 28586341 33077403 2853922 17607858 283885 42615975

Carbon dioxide (COZ) as carbon 16378875 21764285 15066434 455670 560265 77571 -33495 27900835 30964862 2790395 17475845 276418 41378118

Methane (CH4) 509213 22347 102913 33 442 71 -44 29356 98205 2561 5731 326 54560

Sulphur dioxide (SO2) 218807 51554 111815 3193 2259 151 -107 84671 133825 5804 34893 771 113301

Nitrous oxides (NOx) 135616 135888 117923 5866 4948 557 -250 218569 232598 19270 267094 2095 285792

Non-methane volatile organic compounds (NMVOC) 62380 155465 79539 301 3302 580 -256 208926 172615 22231 96111 2191 380526

Carbon monoxide (CO) 348578 881946 453978 1603 19154 3311 -1483 1211525 993478 129256 383925 12425 2213706

Nitrogen dioxide (N20) 95.2 231.4 96.7 0.2 3.4 1.0 ■0.3 222.7 162.1 31.5 37.6 2.0 297.1

Black smoke 2322 4177 3709 385 240 12 ■10 7963 8217 476 14348 78 9519

Notes:
1. The GWP (Global Warming Potential) Index is a weighted sum of CO2 (weight 1), methane (weight 21) and NaO (weight 310): It therefore should not be read as'kilograms' but simply as an Index that is comparable across sectors within an economy and across different economies

Pollutants

Sectors Insurance

Companies

Inv. Trusts &

Fund Mgrs

Computer

Services

Legal

Activities Accountancy

Other Bus.

Activities

Other Service

Activities

Recreation,

Culture & Sport Education

Health, Social

Work & Housing

Public

Services

Public Admin.

& Defence

Global wanning potential (GWP) composite 801173 29439754 960518 1301684 10433904 2429269 50835 3121687 8838350 15375350 20874144 10281786

Carbon dioxide (C02) as carbon 777897 28503522 935159 1263608 10139707 2360898 49761 2975144 8623204 14987185 20675846 10006964

Methane (CH4) 1025 41581 1102 1680 12956 2978 44 6720 9409 17153 8908 12068

Sulphur dioxide (SO2) 2175 83359 2523 3748 29461 6365 261 11186 24938 45777 21419 27353

Nitrous oxides (NOx) 5442 201888 6617 9028 72427 16103 321 21813 59864 106691 140839 69100

Non-methane volatile organic compounds (NMVOC) 7051 254614 8575 10918 89740 20791 380 17668 67385 106524 314397 87542

Carbon monoxide (CO) 41116 1485687 50613 63526 522709 121052 2210 101659 390335 615019 1334197 508754

Nitrogen dioxide (N20) 5.6 203.3 7.1 9.0 71.3 18.8 0.5 17.5 56.7 90.2 36.2 69.0

Black smoke 185 6857 226 323 2575 539 9 832 2082 3940 2056 2367

Total Emissions (kg)

Attributable to Production

296670532

276354971

941340

1019505

2136097

2169494

11888280

1766

73427



Table 7.9 Percentage Share In Total Emissions Generated In Jersey (1998) Attributable To Production Sectors And Exogenous Final Consumption: Type 11 Attribution To Final Demand By Commodity

Sectors Agriculture Quarrying & Gas, OU & Jersey Wholesale & Hotels, Rost. Land Sea & Air Trans. Jersey Banks & Insurance Inv. Trusts &

Pollutants & Fishing Construction Manufacturing Electricity Water Fuel Dlst. Telecom. Retail Trade & Catering Transport & Trans Supp Post Building Soc. Companies Fund Mgrs

Global warming potential (GWP) composite 8.69 7.15 5.53 0.15 0.18 0.03 -0.01 9.17 10.61 0.92 5.65 0.09 13.67 0.26 9.44

Carbon dioxide (CO2) as carbon 5.63 7.48 5.18 0.16 0.19 0.03 -0.01 9.59 10.64 0.96 6.00 0.09 14.22 0.27 9.79

Methane (CH4) 52.97 2.32 10.71 0.00 0.05 0.01 0.00 3.05 10.22 0.27 0.60 0.03 5.68 0.11 4.33

Sulphur dioxide (SO2) 21.35 5.03 10.91 0.31 0.22 0.01 -0.01 8.26 13.06 0.57 3.40 0.08 11.06 0.21 8.13

Nitrous oxides (NOx) 6.15 6.16 5.35 0.27 0.22 0.03 -0.01 9.91 10.54 0.87 12.11 0.09 12.96 0.25 9.15

Non-methane volatile organic compounds (NMVOC) 2.60 6.47 3.31 0.01 0.14 0.02 -0.01 8.69 7.18 0.92 4.00 0.09 15.83 0.29 10.59

Carbon monoxide (CO) 2.63 6.64 3.42 0.01 0.14 0.02 -0.01 9.12 7.48 0.97 2.89 0.09 16.67 0.31 11.19

Nitrogen dioxide (N20) 4.93 11.97 5.00 0.01 0.18 0.05 -0.01 11.52 8.38 1.63 1.94 0.10 15.37 0.29 10.52

Black smoke 3.16 5.69 5.05 0.52 0.33 0.02 -0.01 10.84 11.19 0.65 19.54 0.11 12.96 0.25 9.34

Sectors Computer Legal Other Bus. Other Service Recreation, Health, Social Public Public Admin. Exogenous Final Total

Pollutants Services Activities Accountancy Activities Activities Culture & Sport Education Work & Housing Services & Defence Consumption

Global warming potential (GWP) composite 0.31 0.42 3.35 0.78 0.02 1.00 2.83 4.93 6.69 3.30 4.87 100

Carbon dioxide (CO2) as carbon 0.32 0.43 3.48 0.81 0.02 1.02 2.96 5.15 7.10 3.44 5.05 100

Methane (CH4) 0.11 0.17 1.35 0.31 0.00 0.70 0.98 1.78 0.93 1.26 2.07 100

Sulphur dioxide (SO2) 0.25 0.37 2.87 0.62 0.03 1.09 2.43 4.47 2.09 2.67 0.52 100

Nitrous oxides (NOx) 0.30 0.41 3.28 0.73 0.01 0.99 2.71 4.84 6.38 3.13 3.16 100

Non-methane volatile organic compounds (NMVOC) 0.36 0.45 3.73 0.87 0.02 0.74 2.80 4.43 13.08 3.64 9.74 100

Carbon monoxide (CO) 0.38 0.48 3.94 0.91 0.02 0.77 2.94 4.63 10.05 3.83 10.46 100

Nitrogen dioxide (N20) 0.37 0.47 3.69 0.97 0.03 0.90 2.93 4.66 1.87 3.57 8.65 100

Black smoke 0.31 0.44 3.51 0.73 0.01 1.13 2.84 5.37 2.80 3.22 0.00 100
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Figure 7.3 Percentage Share In Total Global Warming Potential Of The Jersey Economy (1998) Attributable To Production 
Sectors And Exogenous Final Consumption: Attribution to Final Demand by Commodity
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Figure 7.4 Percentage Share In Total Emissions Of N2O In Jersey (1998) Attributable To Production Sectors And 
Exogenous Final Consumption: Attribution To Final Demand By Commodity
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Moreover, the reallocation of responsibility for emissions generation among 

production sectors is extremely interesting. In the case of the GWP index (Figure 

7.3), I explain in Section 3.1 above that the ‘Electricity’ sector is the production 

sector with the direct highest contribution (19.6%) to the total value of the GWP 

index for Jersey in 1998. However when we take indirect effects into account in the 

Type I case, this falls to just over 9.2% reflecting the fact that more than half (53%) 

of the ‘Electricity’ sector’s output is produced to meet intermediate demand. What 

the Type I attribution to final demand by commodities exercise does is reallocate 

responsibility for emissions arising from the production of this output to the sectors 

using it to meet their own final demand. Consequently, the contribution of other 

sectors increases as indirect effects are taken into account. ‘Manufacturing’, 

‘Wholesale & Retail Trade’ and ‘Hotels, Restaurants & Catering’ show the biggest 

increase in their contributions to the GWP index when indirect effects are taken into 

account. These three sectors have relatively high backward linkages to other sectors 

in the Jersey economy, and in particular, are three of the four biggest purchasers of 

electricity as an intermediate input. (‘SATTS’ is the third biggest electricity 

purchaser, but its own direct GWP emissions are high relative to the indirect effect 

that electricity and other intermediate purchases create.)

From Figure 7.4 we can see that indirect effects are generally less significant in the 

case of N2O. This is because most of the outputs that have embodied N2O emissions 

are produced to meet non-local final demand. That is to say, the main direct 

generators of N2O emissions in the production sector are sectors that sell a relatively 

small amount of output to intermediate demand on the Island: ‘Wholesale & Retail 

Trade’, ‘Quarrying & Construction’, ‘Agriculture & Fishing’, ‘Manufacturing’ and 

‘Hotels, Restaurants & Catering’. These are all sectors with relatively small output 

levels and/or are mainly export-based sectors.

However, in the case of both the GWP index and N2O, as with most of the pollutants 

identified here, we see the most significant impacts both on the amount of pollution 

attributable to production and on the allocation between sectors in the Type II 

analysis. This is because, as I explain above, in the Type II attribution to final 
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demand by commodity, the bulk of household expenditure is treated as being 

endogenously determined by income from employment in the 25 production sectors. 

The implication of this is that responsibility for most of the direct and indirect 

generation of emissions from household expenditure in Jersey is attributed to the 

production sectors that employ household labour.

The question of course arises as to whether it is appropriate to shift responsibility for 

pollution generation away from households in this manner, especially when much 

can potentially be done to change household consumption behavour independently of 

production decisions or wage levels. This issue is raised in Section 2.2.2 above, and I 

report results for the alternative Neo-Classical Linear Attribution System later in the 

present section (Section 3.5).

In the case of the GWP index (Figure 7.3), note the further reallocation away from 

the ‘Electricity’ sector in the Type II attribution. The contribution of ‘Electricity’ to 

the total value of the Jersey GWP index for 1998 falls to less than 1% (from 19.6% 

in the direct case and 9.2% in the Type I case). This is because over 99% of 

‘Electricity’ output is sold to local intermediate and household demand, with the 

sector only (directly) accounting for 0.9% of total employment and 1.3% of wage 

income in the local economy. (The ‘Electricity’ sector’s own (exogenous) Type II 

final demand in fact only supports 0.01% of employment and 0.013% of total wage 

income in the economy.)

The contribution of almost all other sectors to the total value of the GWP index 

increases due to the reallocation away from final consumption (households) and 

‘Electricity’ in the Type II case. As would be expected, the sectors that show the 

largest increases tend to be the ones that are most labour intensive and/or pay high 

average wages. In particular note that ‘Banks & Building Societies’, which has the 

second smallest direct contribution to the GWP Index, accounts for the largest share 

(13.7%) in the Type II case. ‘Banks & Building Societies’, while one of the least 

labour intensive sectors in the Jersey economy, is the second largest direct employer 

(12.2% of total employment), behind ‘Wholesale & Retail’. However, its (Type II) 
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exogenous final demand actually supports the largest share of employment (17.9%). 

‘Banks & Building Societies’ also pays one of the highest average sectoral wages, 

and therefore directly and indirectly supports an even higher share of wage income 

(17.4% direct and 22.2% supported respectively), leading to large induced output and 

pollution effects in the Type II analysis. A similar story underlies the reallocation 

towards ‘Investment Trusts and Fund Managers’, which actually pays the highest 

average sectoral wage but is a smaller sector than ‘Banks & Building Societies’.

In the case of N2O (Figure 7.4) the results of the Type II attribution also show a 

reallocation of contributions to total emissions towards labour intensive sectors like 

‘Quarrying & Construction’, ‘Wholesale & Retail Trade’ and ‘Hotels, Restaurants & 

Catering’ and high wage sectors like ‘Banks & Building Societies’ and ‘Investment 

Trusts & Fund Managers’. However, in this case most of the reallocation is away 

from final consumption (households) since the dominant production sectors in terms 

of direct and Type I contributions to total N2O emissions tend also to be the labour 

intensive ones that show significant induced effects.

3.4 Attribution To Final Demand By Category (Final Consumption Sector)

However, in a conventional IO system ultimately all activity is driven by the 

exogenous final demand sectors. Therefore in this section I attribute pollution 

generation in Jersey to final demand according to the different types of final 

consumer, rather than the type of goods that they consume.

In Section 2 above, I explain that all emissions generated in the economy are 

attributable to final demand in the manner described by equation (7.7). To determine 

the contribution of each individual final demand sector, z, I simply calculate equation 

(7.7) for each final demand sector in turn:

(7.18) pzl = Mi[I-A]-|(Ci)2 + ni2Cz

Where (C¡)z is the (Ixl) vector of final demand expenditure by final demand group z 

on the outputs of the i local production sectors, and Cz is the scalar of gross 
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expenditure (including imports and expenditure taxes) by final demand group z. 

Substituting in the matrix of Type I output-pollution multipliers defined in equation 

(7.13) gives us

(7.19) pzi = Mii(Ci)z + mzCz

Households and tourists are the only final demand sectors in the Jersey economy that 

are responsible for the direct of emissions11. For all other sectors the second element 

on the right-hand side of (7.19) will drop out.

11 See Chapter 6, Section 3.

In the Type II case we have

(7.20) pz2 = Mi2(Ci)z + mzCz

As I explain in Section 3.2, it is not possible to conduct Type II analysis with 

households disaggregated by income bands because I do not have data on sectoral 

employment by income band. Therefore I use the (Kxl) vector mh of aggregate 

household expenditure pollution coefficients (from the 9x2 version of matrix Mz) 
here. Moreover, in Section 3.2 I also explain that in the Type II case only household 

expenditure that is not funded by income from employment remains exogenous. 

Therefore the scalar of total exogenous household expenditure, in the case z = 

households, (Cz = Ch) is smaller in absolute terms than in the Type I case. In the 

Type I case Ch - £1059.2million. In the Type II case I treat £1011.9million of this is 

as being endogenously determined (as income from employment), with the 

remaining £47.3million (4.5% of the total) considered exogenous.

In general, as in the Type I case, the second element on the right-hand side of (7.20) 

drops out in the case of all final demand sectors that are not responsible for the direct 

generation of emissions.
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Table 7.10 Direct Plus Indirect Emissions Intensities (kg1) Per £1million Expenditure By Final Demand Sectors - Type I Final Demand Expenditure-Pollution Multipliers

Final Demand Sector

Pollutant

Household

Consumption

1

Household

Consumption

2

Household

Consumption

3

Household

Consumption 

4

Household

Consumption

5

Tourism

Expenditure GDFCF

Jersey

GGFC

Exports

UK

Exports

REU

Exports

ROW Stocks

Global warming potential (GWP) composite 203035.590 217591.943 194385.643 172377.947 165837.691 182342.012 115301.349 20595.898 119588.503 59181.684 13907.370 10398.477

Carbon dioxide (CO2) as carbon 194921.276 211160.085 188715.593 167805.274 161584.593 177170.591 107029.989 19850.974 118670.124 44795.736 10561.057 10013.645

Methane (CH4) 369.845 282.797 248.990 198.243 185.638 227.113 382.397 30.916 41.868 682.335 158.692 17.229

Sulphur dioxide (SO2) 738.406 568.484 582.070 414.684 334.048 461.016 404.744 57.387 191.946 395.944 91.480 45.737

Nitrous oxides (NOx) 1455.246 1436.237 1326.006 1118.966 1037.688 1194.900 781.001 128.353 843.218 537.768 120.226 95.448

Non-methane volatile organic compounds (NMVOC) 1481.439 2097.008 1902.891 1712.685 1434.030 1680.758 790.443 38.976 1448.973 123.170 31.415 41.123

Carbon monoxide (CO) 8544.730 12267.931 11025.703 9998.245 8369.488 9791.691 4622.510 171.935 5836.177 485.191 142.982 239.175

Nitrogen dioxide (N20) 1.121 1.591 1.423 1.321 1.144 1.297 0.778 0.309 0.126 0.184 0.044 0.074

Black smoke 59.046 46.716 43.829 33.852 30.969 38.239 22.416 4.410 18.146 22.134 4.983 4.143

Notes:

1. TheGWP (Global Warming Potential) Index is a weighted sum of CO2 (weight 1), methane (weight 21) and N2O (weight 310): it therefore should not be read as'kilograms' but simply as an index that Is comparable across sectors within an economy and across different economies



Figure 7.5 Direct And Direct Plus Indirect GWP Intensities Of Final Demand 
Expenditures In Jersey (1998) - Final Demand Direct Emissions Intensities 

And Type I Expenditure-Pollution Multipliers

Figure 7.6 Direct And Direct Plus Indirect N2O Intensities Of Final Demand 
Expenditures In Jersey (1998) - Final Demand Direct Emissions Intensities 

And Type I Expenditure-Pollution Multipliers

Final Demand Sectors



Once I have calculated (7.19) and (7.20) for each final demand sector it is also 

possible to determine Type I and Type II final demand pollution multipliers for each 

final demand sector, z. These are expressed as pzi/Cz and pZ2/Cz - i.e. total emissions 

attributable to sector z divided by total final demand expenditure by sector z - and 

indicate the Type I and Type II pollution intensities of an additional unit of final 

demand from each of the z sources.

3.4.1 Type I Attribution To Final Demand By Category

I report the final demand pollution multipliers for the Type I case, where all 

household expenditure is exogenously determined, in Table 7.10 and illustrate these 

for the composite GWP indicator and N2O (alongside the direct emissions intensities 

for each sector) in Figures 7.5 and 7.6. The first thing to note is the relationship 

between the Type I final demand multipliers (direct plus indirect pollution intensities 

of final demand expenditure) and the direct emissions coefficients (reported for all 

pollutants in matrix Mz (Table 6.15)). Indirect pollution effects are clearly more 

important than direct pollution effects in the case of tourist expenditure. This is 

because direct emissions by tourists visiting the Island solely arise from automotive 

fuel use in private or rented vehicles. All other automotive fuel use by tourists (e.g. 

from transport in buses or taxis) and all heating fuel use by tourists is indirect. On the 

other hand, most household fuel use for transport and heating activities tends to be 

direct, and we therefore see less significant indirect effects in the case of households.

The relative (direct and Type I) emissions intensities of households in the five 

income bands (quintiles) vary across pollutants. Two main observations can be made. 

Firstly methane emissions from households are mainly related to direct emissions 

from human waste. In Chapter 6, Section 3.3.3 I explain that I apply a fixed per 

capita emissions factor for methane emissions from human waste (assuming that 

each income quintile contains households of the same average size). That is to say, I 

assume that the amount of human waste generated by the average household is 

independent of the level and composition of income and expenditure made by that 
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household. Consequently, as would be expected, my results show that emissions of 

this methane per unit of expenditure fall as household income and expenditure rise.

The other observation relates to different types of fuel/energy use by households. 

Where pollution is mainly generated from energy use for heating and lighting, the 

direct and Type I emissions intensities tend to be highest in the low-income band and 

fall as income rises. This is because energy purchases and physical fuel-use for 

heating/lighting purposes account for a larger proportion of each unit of household 

expenditure in low-income households. Therefore I find that household pollution 

intensities fall as income rises in the case of such pollutants as SO2, which is mainly 

generated in Jersey from fuel use for heating purposes and electricity generation, and 

black smoke, which is mainly generated during electricity production.

On the other hand, where pollution generation mainly relates to automotive fuel use, 

as is the case with pollutants like carbon monoxide and N2O, I find that the emissions 

intensity of household expenditure follows a different pattern. It tends to be lowest in 

the bottom income band, peaking in the second band, then falling as income rises. 

This is the pattern that is observed for the direct use of automotive fuels across 

household bands (see Table 6.16 in Chapter 6), where I find the first and fifth income 

bands to be the least intensive users. In the case of the GWP index the pattern is less 

clear because different types of household behaviour drive emissions of the 

component pollutants: methane, with weight 21, is mainly related to human waste 

production and its intensity therefore falls as income rises. N2O, with weight 310, is 

related to automotive fuel use and intensity therefore peaks in the second income 

band. CO2, which enters the GWP index with weight 1, is generated during both 

automotive and heating fuel-use. I note aboye that the intensity of fuel use for 

heating purposes falls as income rises. However CO2 generation in Jersey is mainly 

related to automotive fuel use and therefore CO2-intensity also peaks in the second 

income band.

Generally, household and tourist expenditure have the highest Type I emissions 

intensities across all pollutants because of the presence of a direct component.
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However the relative intensities of different sources of final demand varies across the 

pollutants depending on the pollution intensity and contribution of producing sectors 

to total emissions. For example, in Figure 7.5 we can see that exports, particularly to 

the UK, have a higher GWP-intensity relative to other final demand categories. This 

is because sectors like ‘SATTS’ and ‘Agriculture & Fishing’ that are (directly and 

indirectly) GWP-intensive tend to sell more output to UK exports than to other final 

demand categories. On the other hand, sectors that are N2O-intensive and/or where 

most N2O emissions arise, such as ‘Other Service Activities’ and ‘Wholesale & 

Retail Trade’, tend to sell most of their outputs to local final demands or to tourists. 

Therefore the N2O Type I final demand multipliers for exports are relatively small.

As with the direct contribution and attribution to intermediate demand analyses in 

Sections 3.1 and 3.3, the contribution of different final demand sectors to total 

pollution in Jersey depends on both emissions intensities and the absolute amounts of 

output demanded from different sectors. I determine the contribution of each final 

demand sector using equation (7.19) above. I report the results of the Type I 

attribution to final demand by category in kilograms below in Table 7.11 and in 

percentage terms in Table 7.12 (note from the final column of Table 7.11 that all 

emissions are attributable to the Z final demand sectors). I illustrate the results for the 

composite GWP pollutant and N2O below in Figures 7.7 and 7.8 respectively.

The importance of the absolute scale of final expenditure by each different sector, z, 

relative to the emissions intensity of that expenditure can be clearly seen in Figures 

7.7 and 7.8. As is the case for all pollutants (see Table 7.12), the contribution of 

households to total GWP and N2O generation rises with income even where the final 

demand multipliers show that emissions intensities do not. This is reflective of the 

difference in the scale of total household expenditure across the five income 

quintiles. For example, from Table 5.4 (Chapter 5) we can see that the total 

expenditure in the lowest income quintile is only just over half that in the second 

lowest, and only around a fifth of total expenditure in the highest income quintile.
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Table 7.11 Total Emissions (kg1) Generated In Jersey (1998) Attributable To Final Demand Sectors - With All Final Demand Expenditure Determined Exogenously

Final Demand Sector

Pollutant

Household

Consumption 

1

Household

Consumption 

2

Household

Consumption 

3

Household

Consumption

4

Household

Consumption

S

Tourism

Expenditure GDFCF

Jersey

GGFC

Exports

UK

Exports

REU

Exports

ROW Stocks

Total Emissions (kg) Attributable 

to Exogenous Final Demand

Global warming potential (GWP) composite 16235701 30554416 37449130 45851037 63046790 27597070 9246904 23213039 47439711 4181107 6432043 604019 311850966

Carbon dioxide (CO2) as carbon 15586841 29651250 36356774 44634745 61429883 25617342 8912457 23034774 35908014 3175073 6194002 564027 291065182

Methane (CH4) 29575 39711 47969 52731 70574 91526 13880 8127 546956 47709 10657 1848 961262

Sulphur dioxide (SO2) 59046 79827 112138 110302 126995 96874 25765 37258 317386 27502 28291 3408 1024795

Nitrous oxides (NOx) 116368 201677 255460 297635 394500 186931 57626 163675 431072 36145 59040 5764 2205893

Non-methane volatile organic compounds (NMVOC) 118463 294463 366599 455559 545178 189190 17499 281257 98733 9444 25437 1688 2403511

Carbon monoxide (CO) 683278 1722672 2124144 2659446 3181842 1106385 77193 1132846 388927 42986 147943 9583 13277245

Nitrogen dioxide (N20) 90 223 274 351 435 186 139 25 147 13 46 4 1933

Black smoke 4722 6560 8444 9004 11773 5365 1980 3522 17743 1498 2563 253 73427

Nates:
I.Ihe GWP (Global Warming Potential) Index is a weighted sum erf CO2 (weight 1), methane (weight 21) and N2O (weight 310): it therefore should not be read as'kilograms'but simply as an index that is comparable across sectors within an economy and across

Table 7.12 Percentage Share In Total Emissions Generated in Jersey (1998) Attributable to Final Demand Sectors - Type I Attribution To Final Demand By Category

Final Demand Sector

Pollutant

Household

Consumption

1

Household

Consumption 

2

Household

Consumption 

3

Household

Consumption 

4

Household

Consumption

5

Tourism

Expenditure GDFCF

Jersey 

GGFC

Exports 

UK

Exports

REU

Exports

ROW Stocks

Total

Global warming potential (GWP) composite 5.21 9.80 12.01 14.70 20.22 8.85 2.97 7.44 15.21 1.34 2.06 0.19 100

Carbon dioxide (CO2) as carbon 5.36 10.19 12.49 15.33 21.11 8.80 3.06 7.91 12.34 1.09 2.13 0.19 100

Methane (CH4) 3.08 4.13 4.99 5.49 7.34 9.52 1.44 0.85 56.90 4.96 1.11 0.19 100

Sulphur dioxide (SO2) 5.76 7.79 10.94 10.76 12.39 9.45 2.51 3.64 30.97 2.68 2.76 0.33 100

Nitrous oxides (NOx) 5.28 9.14 11.58 13.49 17.88 8.47 2.61 7.42 19.54 1.64 2.68 0.26 100

Non-methane volatile organic compounds (NMVOC) 4.93 12.25 15.25 18.95 22.68 7.87 0.73 11.70 4.11 0.39 1.06 0.07 100

Carbon monoxide (CO) 5.15 12.97 16.00 20.03 23.96 8.33 0.58 8.53 2.93 0.32 1.11 0.07 100

Nitrogen dioxide (N20) 4.64 11.55 14.19 18.18 22.50 9.63 7.17 1.27 7.61 0.69 2.38 0.20 100

Black smoke 6.43 8.93 11.50 12.26 16.03 7.31 2.70 4.80 24.16 2.04 3.49 0.34 100



Figure 7.7 Contribution Of Final Demand Sectors To The GWP Index For 
Jersey (1998) - Type I Attribution to Final Demand by Category (With All 

Final Demand Expenditures Determined Exogenously)

Exports ROW
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However, the relatively high pollution intensity of household expenditure in general 

is important. In the case of most pollutants, I find that more than half of total 

emissions are attributable to local household expenditure even though only 20% of 

total local output is produced to meet final demand from households. For example, 

note the dominance of households in the case of N2O (Figure 7.8): each household 

band, apart from the lowest income group, independently has a larger contribution to 

total emissions than any of the non-household final demand sectors. In the case of the 

GWP index (Figure 7.7) households are not quite as dominant. However in aggregate 

they still account for 63% of the total, with the highest share of emissions being 

attributable to the highest income band alone.

There are two main factors underlying these results. One is the importance of direct 

emissions by households. If I were only to consider production related emissions 

(and therefore indirect emissions by households) both the contribution of households 

and total emissions in the economy will be significantly lower across all pollutants. 

The other factor is the composition of the local output demanded by different final 

consumption groups. For example, the bulk of direct final demand for local outputs 

(48%) is for goods and services produced by the financial sectors (‘Banks & 

Building Societies’, ‘Insurance Companies’ and ‘Investment Trusts & Fund 

Managers’). These are sectors with low direct and indirect pollution intensities and 

which are shown to make very small (not more than around 5% across all 3 sectors) 

contributions across all pollutants in the Type I attribution to intermediate demand. 

95.5% of final demand for the outputs of the financial sectors is export demand, 

which equates to 77.8% of total export demand. On the other hand, financial sector 

outputs only account for 10% of direct household consumption of local goods.

3.4.2 Type II Attribution To Final Demand By Category

In the Type II attribution to final demand analysis, however, the picture changes 

significantly, because the bulk of household expenditure is treated as being 

endogenous to the system. This is because emissions attributable to households in the 

Type I analysis are reallocated to the production sectors whose wage payments to 
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households fund consumer expenditure. In Section 3.2 above I explain that when 

households are treated as being endogenous to the system this leads to sectors that 

are labour intensive and/or pay high wages having relatively large Type II output­

pollution multiplier values (emissions per unit of final demand for sectoral outputs).

In the case of Jersey I find that the key result is huge increases in the emissions 

intensities of the finance sectors when induced (consumption and income) effects are 

taken into account (see Tables 7.3 and 7.5, and Figures 7.1 and 7.2). Given that the 

main final demand for finance sector outputs is export demand, the implication is 

that the Type II final demand multipliers for the export sectors will also increase. 

However note that, as with the Type II output-pollution multipliers for the finance 

sectors, the export sectors do not have the highest Type II final demand multipliers - 

see Table 7.13 and Figures 7.9 and 7.10 below. Tourist expenditure, government 

consumption (GGFC) and stock holding in fact become the most pollution intensive 

sources of final demand when induced effects are taken into account. However, in 

the same way as we saw the finance sectors becoming the dominant sources of 

pollution generation in the Type II attribution to intermediate demand in Section 3.3, 

the crucial factor here is the absolute size of the export sector, particularly demand 

for finance sector exports. Together with the increase in pollution intensities of the 

main export sectors this leads to the bulk of emissions generation being attributable 

to export demand in the Type II attribution to final demand.

In Tables 7.14 and 7.15 I report the results of the Type II attribution to final demand 

by categories in absolute (kilograms) and percentage terms respectively. I illustrate 

these results for the GWP index and N2O in Figures 7.11 and 7.12. Note that small 

shares of total pollution generation remain attributable to households: this is the 

element of household expenditure that I assume to be non-wage related and therefore 

exogenously determined in the Type II case. The shares attributable to all other final 

demand sectors increase when wage-related expenditure by local households is 

considered endogenous, with the importance of induced effects depending on the 

labour intensity and/or level of wage payments in the sectors output is demanded 

from.
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Table 7.13 Direct Plus Indirect Plus Induced Emissions Intensities (kg1) Per £1 million Expenditure By Final Demand Sectors (Type II Final Demand Expenditure-Pollution Multipliers)

Final Demand Sector

Pollutant

Aggregate (Non-Wage

Related) Household

Consumption

Tourism

Expenditure GDFCF

Jersey

GGFC

Exports

UK

Exports

REU

Exports

ROW Stocks

Global warming potential (GWP) composite 5437.099 201075.626 65983.734 287057.186 126013.825 71271.048 78754.543 178752.266

Carbon dioxide (CO2) as carbon 5294.868 190365.808 63948.489 281377.877 109727.921 66293.956 76426.431 170890.918

Methane (CH4) 6.041 489.586 87.636 251.148 765.853 230.378 102.651 356.486

Sulphur dioxide (SO2) 4.993 625.851 174.387 623.644 568.223 239.351 221.944 686.249

Nitrous oxides (NOx) 22.985 1349.217 429.027 1952.623 980.501 500.234 548.277 1398.823

Non-methane volatile organic compounds (NMVOC) 70.998 1570.952 451.987 2972.868 731.315 553.400 663.135 1162.674

Carbon monoxide (CO) 418.825 9167.046 2576.697 14709.088 4026.126 3182.253 3860.851 6739.794

Nitrogen dioxide (N20) 0.050 1.382 0.629 1.307 0.655 0.449 0.556 1.210

Black smoke 0.000 40.957 14.221 54.346 36.581 17.382 18.919 53.540

Notes:

1. TheGWP (Global Warming Potential) Index Is a weighted sum of C02 (weight 1), methane (weight 21) and N2O (weight 310): it therefore should not be read as'kilograms' but simply as an index that is comparable across sectors within an economy and across different economies



Figure 7.9 Direct Plus Indirect Plus Induced GWP Intensities Of Final 
Demand Expenditures In Jersey (1998) - Type II Final Demand Expenditure- 

Pollution Multipliers

Figure 7.10 Direct Plus Indirect Plus Induced N2O Intensities Of Final 
Demand Expenditures In Jersey (1998) - Type II Final Demand Expenditure-

Pollution Multipliers

Final Demand Sector



Table 7.14 Total Emissions (kg1) Generated In Jersey (1998) Attributable To Exogenous Final Demand Sectors - With Household Expenditure Funded By Local Wage Income Determined Endogenously

Final Demand Sector

Pollutant

Household

Consumption

Tourism

Expenditure GDFCF

Jersey

GGFC

Exports

UK

Exports

REU

Exports

ROW Stocks

Total Emissions (kg) Attributable 

to Exogenous Final Demand

Global warming potential (GWP) composite 5758987 48126914 29624600 55719984 101011986 21426905 48714112 1467476 311850966

Carbon dioxide (CO2) as carbon 5608336 45563548 28710840 54617587 87957296 19930594 47274044 1402938 291065182

Methane (CH4) 6399 117181 39346 48750 613904 69261 63496 2927 961262

Sulphur dioxide (SO2) 5289 149796 78294 121054 455484 71958 137285 5634 1024795

Nitrous oxides (NOx) 24346 322931 192619 379019, 785964 150390 339140 11484 2205893

Non-methane volatile organic compounds (NMVOC) 75201 376003 202928 577056 586218 166374 410186 9545 2403511

Carbon monoxide (CO) 443620 2194108 1156855 2855146 3227320 956712 2388153 55331 13277245

Nitrogen dioxide (N20) 53 331 282 254 525 135 344 10 1933

Black smoke 0 9803 6385 10549 29323 5226 11702 440 73427

Notes:
1. The GWP (Global Warming Potential) Index Is a weighted sum of CO2 (weight 1), methane (weight 21) andN8O (weight 310): It therefore should not be read as ‘kilograms' but simply as an index that Is comparable across sectors within an economy and across

Table 7.15 Percentage Share In Total Emissions Generated in Jersey (1998) Attributable To Final Demand Sectors - Type II Attribution To Final Demand By Category

Final Demand Sector

Pollutant

Household

Consumption

Tourism

Expenditure GDFCF

Jersey

GGFC

Exports

UK

Exports

REU

Exports

ROW Stocks

Global warming potential (GWP) composite 1.85 15.43 9.50 17.87 32.39 6.87 15.62 0.47

Carbon dioxide (CO2) as carbon 1.93 15.65 9.86 18.76 30.22 6.85 16.24 0.48

Methane (CH4) 0.67 12.19 4.09 5.07 63.86 7.21 6.61 0.30

Sulphur dioxide (SO2) 0.52 14.62 7.64 11.81 44.45 7.02 13.40 0.55

Nitrous oxides (NOx) 1.10 14.64 8.73 17.18 35.63 6.82 15.37 0.52

Non-methane volatile organic compounds (NMVOC) 3.13 15.64 8.44 24.01 24.39 6.92 17.07 0.40

Carbon monoxide (CO) 3.34 16.53 8.71 21.50 24.31 7.21 17.99 0.42

Nitrogen dioxide (N20) 2.72 17.11 14.60 13.12 27.15 6.98 17.80 0.51

Black smoke 0.00 13.35 8.70 14.37 39.93 7.12 15.94 0.60

Total

100

100

100

100

100

100

100

100

100



Figure 7.11 Contribution Of Final Demand Sectors To The GWP Index For 
Jersey (1998) - Type II Attribution to Final Demand by Category (With Wage- 

Related Household Expenditure Determined Endogenously)

Figure 7.12 Contribution Of Final Demand Sectors To Total N2O Emissions 
Generated In Jersey (1998) - Type II Attribution to Final Demand by 
Category (With Wage-Related Household Expenditure Determined 

Endogenously)



I have already expressed concern over the inherent implication in Type II analysis 

that households are not held responsible for the bulk of their own pollution 

generation. It is possible to argue in favour of Type II analysis if it is considered that 

the population of an economy is endogenously determined by its production 

activities. In other words, it may be appropriate to use this type of attribution if there 

is concern about environmental damage in a particular place where many of the local 

inhabitants choose to live in order to be near their place of work. For example, 

suppose a large textile factory is located in a particular area and a town or village 

grows around it to accommodate the workers. Not only will the plant itself be 

directly polluting, but the workers will also generate emissions in the locality from 

burning fuels to heat their homes, operate their vehicles etc.

However, particularly with the decline in large scale manufacturing activities over 

recent years, it could be argued that the population of any given area is less likely to 

be endogenously driven by local production activities. Moreover, environmentalists 

would argue that while the level of consumer expenditure may be strongly linked to 

income from employment, the composition and pollution intensity of this 

expenditure is not. Therefore, in Section 3.3, where the results of the Type II 

attribution to final demand by commodities (production sectors) are reported, I raise 

the question as to whether it is appropriate to attribute direct and indirect emissions 

generation by households to the production sectors that employ household labour.

Moreover, another related question arises from the Type II attribution to final 

demand. In the case of Jersey the results of this analysis imply that the large majority 

(between 64% and 90%) of emissions of all pollutants can be attributed to foreign 

sources in the form of tourist and export demand. Again, this type of attribution may 

be considered appropriate if it is thought that the population of an area is 

endogenously driven by export-based production activities located in the local 

economy. For example, a number of areas in the north of Scotland attract migrants to 

work in oil industry activities.
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However, generally, the attribution of responsibility for local emissions generation in 

the Type II (and Type I) analysis to external demand is contrary to the 

environmentalist’s perspective that pollution problems are caused by local human 

consumption decisions. This is the issue of production vs consumption that I have 

raised above in Section 2.2.2. The point is that Type I and Type II attribution 

analysis are based on a Keynesian production-based perspective of how the economy 

operates. This is why the use of Type I and Type II attribution analyses for a single 

regional economy can also be criticised because they do not take account of any 

pollution embodied in imports that are consumed in that economy.

In recognition of the problem of the pollution content of imports, authors such as 

Atkinson et al (1997) and Pearce & Atkinson (1995) argue in favour of using an 

inter-regional accounting framework. However, I have argued, in Section 2.2.3 

above, that the practical and conceptual problems inherent in the notion of a 

pollution attribution analysis including imports render this an unfeasible option in the 

present study. Instead I operationalise the notion introduced in Section 2.2.3 of a 

neo-classical consumption-based approach to attribution using the environmental IO 

system. I now report the results of adopting such an approach for Jersey.

3.5 Results From The Neo-Classical Linear Attribution System (NCLAS)

3.5.1 Direct Emissions Coefficients In NCLAS

In the neo-classical linear attribution system (NCLAS) the matrix of direct emissions 

intensities (output-pollution coefficients), Mi (Table 6.15), still applies for the 25 

production sectors of the Jersey economy. However, in order to focus on local 

(private and public) consumption in the NCLAS system, I now endogenise 

investment (which is assumed to cover depreciation, and is allocated to sectors in 

line with shares in OVA) and exports (assumed to cover imports). As in the Type I 

case above, household expenditure is once again treated as being entirely 

exogenously determined, with the matrix of direct emissions intensities by final 
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demand sectors, Mz, being the 9x6 version, with households disaggregated by 

income, as shown in Table 6.15.

In the matrix Mz for Jersey I also report direct emissions per unit of tourist 

expenditure (i.e. export consumption that actually takes place in Jersey) - where the 

final consumption sector, z, is tourism this vector is expressed as mt. However, in 

Section 2 I explain that all export demand is treated as endogenous in the neo­

classical system, with exports being produced simply to finance imports. When a 

proportion of household demand is endogenised in the Type II analysis above, the 

household direct emissions coefficients are taken to reflect emissions per unit of 

income from employment rather than expenditure and added to the matrix of output­

pollution coefficients for the production sector of the economy, Mi(+h). Similarly, to 

endogenise exports I must adjust the vector of coefficients that reflect direct 

emissions arising in Jersey per unit of expenditure by external agents to reflect 

emissions per unit of income earned in Jersey by the external sector. In an IO system 

income earned by the external sector in Jersey is the expenditure on imports by 

Jersey producers and final consumers. Therefore I require a (9x1) vector of 

coefficients, mt*, that reflect direct emissions in kilograms generated in Jersey by 

export demand (tourist expenditure) per £lmillion of imports - i.e. direct emissions 

per £lmillion of trade.

I should point out that in 1998 Jersey ran a trade surplus, with the value of exports 

exceeding the value of imports. This implies that not all export revenue is used to 

fund imports. Therefore, strictly speaking, some adjustment should be made to 

reflect this factor by retaining a share of export demand as being exogenously 

determined, just as the excess of household expenditure over wage income is retained 

as an exogenous final demand in the Type II analysis above. However, given that the 

IO accounts do not give information on the uses of particular types of export 

revenues, I do not endeavour to make any such adjustment here. (As I explain in 

Section 3.2, with respect to the case of households, this would be better attempted in 

a SAM framework.) For now I assume that all revenues from exports to tourists are 
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used to fund imports, thereby allowing me to treat all direct and indirect emissions 

generation by tourists as being endogenous to the system.

I report the new vector of trade-pollution coefficients for Jersey below in Table 7.16. 

Vector mt* is then added as an additional column to the matrix of output-pollution 

coefficients for the production sector of the economy. Note that the other final 

demand sector that I endogenise in the NCLAS system, capital formation (stocks and 

GDFCF), is not responsible for any direct emissions generation. Therefore there will 

be a (kxl) vector, o, of zeros in the new combined matrix, Mi(+t), of direct emissions 

intensities for the production sector of the economy. Mi(+t) is a (kx(i+2) and takes the 

form:

(7.21) Mi(+t) = [Mi ; mt* : o]

3.5.2 Neo-Classical Output-Pollution Multipliers

I want to use the NCLAS system to determine the emissions intensity of producing 

different types of local outputs for local final consumption, relative to the emissions 

intensity of producing outputs for export to allow the consumption of imported goods 

and services, or for investment production. Also, just as in the Type I and Type II 

analysis above, I want to determine the contribution of different private and public 

final consumption sectors to total pollution generation.

Therefore, once again I require a matrix of output-pollution multipliers relating 

emissions generation to the production of output to meet final consumption (i.e. 

including indirect effects). However, here I endogenise trade and capital formation to 

get a matrix, N, of neo-classical output-pollution multipliers. To derive N I require a 

new (27x27) version of the A matrix, which I shall call A+. Relative to the standard 

(Ixl) input coefficients matrix, A+ has two additional columns showing the input 

requirements of the trade and capital formation sectors from the Jersey economy. It 

also has two additional rows showing the input requirements of each of the 

production, trade and capital sectors from the trade sector (imports) and capital sector
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(other value added). I then use Matrix A+ to create a new (27x27) inverse matrix, [I- 

A+], which is shown below as the ‘Neo-Classical Inverse Matrix’ in Table 7.17.

Each element of the ith column of this new inverse matrix (across the first 25 

columns) tells us how the input requirement from each of the (i+2) production 

sectors/activities is affected by one monetary unit (£lmillion) of local consumption 

demand for the output of sector i. The elements in the ‘export’ column tell us how 

much output is required from each of the (1+2) sectors/activities per £lmillion of 

trade. Finally, the elements in the ‘capital formation’ column tell us how the input 

requirement from each sector/activity is affected by £lmillion of investment demand. 

The column totals, therefore, give the ‘neo-classical output multipliers’: the column 

total for each local production sector, i, tell us how much total output in the economy 

is affected by £lmillion of local final consumption demand for the output of sector i. 

The multiplier for the trade sector tells us the economy-wide impact of £lmillion of 

import demand in terms of the direct and indirect output associated with the increase 

in exports required to finance the imports. Finally the capital formation multiplier 

gives the total impact of £lmillion of investment demand.
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I multiply the neo-classical inverse by the adjusted matrix Mi(+t) of direct emissions 

intensities for the production sector of the economy to derive the (9x27) matrix, N, of 

neo-classical output-pollution multipliers:

(7.22) N = M^.H-AT1

I show the resulting matrix N below in Table 7.18. What the elements of the first 25 

columns of this matrix tell us is the amount of pollution generated in the production 

of £lmillion of output to meet local private (household) or public (government) final 

demand for locally produced goods and services. The elements of the final column 

tell us the emissions intensity of producing exports in order to purchase £lmillion 

imports of foreign goods and services for local final consumption. The coefficients in 

the ‘Trade’ column are essentially a weighted average of the emissions intensities of 

the 25 standard production sectors; the weights are determined by how much output



each sector sends to the trade sector. I do not report the neo-classical output-pollution 

multipliers for the capital formation sector in Table 7.18 because no investment 

demand from the local final consumption sectors is recorded in the IO table (Table 
5.3).

I graph the neo-classical output-pollution multipliers for the GWP index and N2O 

below in Figures 7.13 and 7.14. These multipliers indicate how environmentally 

friendly local and imported consumption is for the States of Jersey (for the 1998 

equilibrium dataset). Note that the emission multipliers for the consumption of 

commodities produced in local ‘Agriculture & Fishing’ are higher that those implied 

by the consumption of imports. For example, £1 million spent on imports generates, 

in Jersey, an implied 0.837kg of N2O and adds 154108 points to the GWP index, 

compared to the 1.75kg of N2O and 635887 GWP points that are produced by each 

£1 million expenditure on the consumption of local ‘Agriculture & Fishing’ outputs. 

(Thus implying that it would be more environmentally friendly for Jersey to import 

agricultural and fishing producing using revenue generated from the production of 

the composite export commodity.)

3.5.3 Attribution To Local (Exogenous) Private And Public Final Demand In 

NCLAS

Just as in the standard Leontief environmental IO analysis in Sections 3.2-3.4,1 can 

use the neo-classical output-pollution multipliers to determine the contribution of 

different local final demand sectors to total emissions in the economy, and to 

determine the emissions intensities of each sector.

I calculate the vector P of total emissions in the NCLAS as

(7.23) P = Ps + Pz = Mi(+t).[I-A+]',Ci + M2Ct = NCi + MZCT
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Table 7.16 Export Consumption Direct Emissions Coefficients

Pollutants

Direct emissions (kg1) per

£1 million trade in Jersey, (mJt

Global warming potential (GWP) composite 9514.860

Carbon dioxide (CO2) as carbon 9192.119

Methane (CH4) 13.657

Sulphur dioxide (SO2) 0.000

Nitrous oxides (NOx) 45.902

Non-methane volatile organic compounds (NMVOC) 160.390

Carbon monoxide (CO) 954.718

Nitrogen dioxide (N20) 0.116

Black smoke 0.000

Notes:
1. The GWP (Global Warming Potential) Index is a weighted sum of CO2 (weight 1), methane (weight 21) and 

N2O (weight 310): it therefore should not be read as 'kilograms' but simply as an index that is comparable 
across sectors within an economy and across different economies.



Table 7.17 Neo-Classical Inverse Matrix • Jersey 1998
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Table 7.18 Emissions Intensities (kg1) Of Production To Meet Local Final Consumption And Export Demand, With Endogenised Trade And Capital Formation, In Jersey (1998) ■ Neo-Classical Output-Pollution Multipliers

Sector Agriculture Quarrying & Gas, Oil & Jersey Wholesale & Hotels, Rest. Land Sea & Air Trans. Jersey Banks & Insurance

Pollutant & Fishing Construction Manufacturing Electricity Water Fuel Dist. Telecom. Retail Trade & Catering Transport & Trans Supp Post Building Soc. Companies

Global warming potential (GWP) composite 635887.243 71948.241 218881.860 1370651.766 112113.216 85996.508 73151.220 80988.587 123194.966 108656.357 364723.957 59716.662 33744.616 34400.889

Carbon dioxide (C02) as carbon 333377.858 66703.309 177033.729 1361415.899 106510.091 83051.909 65544.455 75930.059 109554.548 102864.750 358199.287 56040.482 29040.639 30557.698

Methane (CH4) 14379.376 235.562 1977.319 432.006 258.392 117.992 354.801 231.044 643.136 254.182 303.452 168.960 220.643 179.745

Sulphur dioxide (S02) 5916.111 225.078 1840.280 9808.830 616.282 133.942 366.840 339.133 670.408 259.721 791.788 230.460 166.977 168.151

Nitrous oxides (NOx) 3015.739 443.390 1591.679 17802.023 1147.683 656.242 623.112 734.243 932.108 786.505 6024.802 572.297 268.654 287.500

Non-methane volatile organic compounds (NMVOC) 421.932 170.273 388.683 447.139 247.094 395.069 214.902 295.440 207.118 572.065 1582.584 157.476 111.515 136.201

Carbon monoxide (CO) 1975.454 768.828 1985.726 2019.362 1336.031 2126.231 1113.547 1626.713 1074.292 3246.207 4974.737 641.326 571.325 753.230

Nitrogen dioxide (N20) 1.750 0.962 1.047 0.528 0.571 1.506 0.503 0.666 0.434 1.464 0.491 0.413 0.227 0.221

Black smoke 40.307 14.086 51.895 1172.352 62.802 9.269 27.090 29.633 35.209 17.250 331.223 26.448 10.232 11.859

Sector Inv. Trusts & Computer Legal Other Bus. Other Service Recreation, Health, Social Public Public Admin.

Trade |

Pollutant Fund Mgrs Services Activities Accountancy Activities Activities Culture & Sport Education Work & Housing Services & Defence (Exports/lmports)

Global warming potential (GWP) composite 42923.998 65118.458 33303.371 31383.880 35308.439 106574.600 124071.299 63056.255 74752.920 668435.873 43231.625 154108.136

Carbon dioxide (CO2) as carbon 37646.545 58557.902 30135.958 28143.312 32553.868 103003.511 112088.828 59159.773 70411.987 659528.802 38600.673 129330.497

Methane (CH4) 247.322 305.503 147.608 151.578 125.866 149.907 562.596 181.547 202.667 417.276 217.752 1167.538

Sulphur dioxide (S02) 212.182 275.530 169.467 163.204 135.112 893.214 619.111 278.672 329.732 597.388 205.678 812.420

Nitrous oxides (NOx) 349.613 521.213 285.484 277.652 254.792 658.976 949.333 485.852 589.669 4580.807 350.632 1258.260

Non-methane volatile organic compounds (NMVOC) 167.260 346.760 99.061 99.376 139.854 498.078 223.976 112.987 120.150 10580.254 111.779 556.786

Carbon monoxide (CO) 911.852 2015.854 527.907 533.162 777.104 2847.805 1139.017 552.813 578.756 42753.533 565.780 2890.476

Nitrogen dioxide (N20) 0.270 0.468 0.218 0.185 0.359 1.365 0.542 0.271 0.274 0.465 0.188 0.837

Black smoke 13.571 20.021 12.963 12.620 9.887 15.959 40.293 20.104 26.073 55.041 14.988 47.689

Noted:
I.Tho GWP (Global Warming Potential) Index is a weighted sum of CO2 (weight!), methane (weight 21) and N2O (weight 310): it therefore should not be read as'kilograms' but simply as an indeoc that is comparable across sectors within an economy and across different economies



Figure 7.13 GWP Intensity Of Production To Meet Local Final Consumption And Export Demand, 
With Endogenised Trade And Capital Formation, In Jersey (1998) - Neo-Classical Output-Pollution 

Multipliers
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Figure 7.14 N20 Intensity Of Production To Meet Local Final Consumption And Export Demand, With 
Endogenised Trade And Capital Formation, In Jersey (1998) - Neo-Classical Output-Pollution 

Multipliers
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Note that in the NCLAS analysis I have z = 6 local final demand sectors: five 

household groups and government final consumption (GGFC). I determine the (kxl) 

vector pZN of total emissions attributable to each by calculating (7.23) for each local 
final demand sector, z, i.e.

(7.24) pzx = N(C0z + mzCz

Because government final consumption (GGFC) is not responsible for any direct 

emissions generation (in the Jersey IO table the public sector only consumes directly 

polluting inputs during production activities) the second element on the right-hand 

side of (7.23) drops out for public consumption.

I calculate the neo-classical final demand pollution multipliers in the same way as 

described in Section 3.4 for the Leontief ones: that is, the share of emissions 

attributable to each sector, z, divided by total direct final demand expenditure by that 

sector (Pzn/Cz). I report the neo-classical pollution multipliers below in Table 7.19.

Next, I report the results of the NCLAS attribution to local (exogenous) final 

consumption demand in absolute terms (kilograms) in Table 7.20 and in percentage 

terms in Table 7.21. I also illustrate the results for the GWP index and N2O 

graphically in Figures 7.15 and 7.17, with the corresponding final demand 

multipliers shown in Figures 7.16 and 7.18, respectively. The key point is that now I 

have all emissions in the Jersey economy attributed to local (public and private) final 

demand groups, over whose consumption choices Jersey has some influence.

Note that in both cases (and this is true across all the pollutants identified here) that 

most emissions generation is attributable to private final (household) consumption 

(the minimum share to households is 87% in the case of NMVOC). Moreover, 

private consumption is without exception more pollution intensive than public 

consumption. It is also the case that the share attributable to each household group 

rises with income, while the opposite is generally true of the emissions intensity of 

one unit of household expenditure.
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Table 7.19 Emissions Intensities (kg1) Per £1 million Local Final Consumption Expenditure in Jersey (1998), 

With Endogenised Trade and Capital Formation - Neo-Classical Final Demand Expenditure-Pollution Multipliers

Final Demand Sector Household Household Household Household Household

Consumption Consumption Consumption Consumption Consumption Jersey

Pollutant 1 2 3 4 5 GGFC

Global warming potential (GWP) composite 294269.975 308966.181 281264.739 254576.006 248818.409 146511.737

Carbon dioxide (CO2) as carbon 271642.099 288002.845 261802.793 236986.761 231418.957 141412.088

Methane (CH4) 1053.487 967.276 898.592 811.276 804.793 238.658

Sulphur dioxide (SO2) 1216.451 1047.180 1036.752 844.261 767.825 331.104

Nitrous oxides (NOx) 2197.969 2180.038 2032.867 1787.288 1712.456 1060.963

Non-methane volatile organic compounds (NMVOC) 1808.960 2424.972 2214.386 2006.960 1731.186 1544.245

Carbon monoxide (CO) 10243.363 13968.817 12640.913 11523.817 9910.059 6329.205

Nitrogen dioxide (N20) 1.628 2.099 1.908 1.782 1.609 0.283

Black smoke 87.175 74.884 70.595 59.154 56.516 26.378

Notes:
1. The GWP (Global Warming Potential) Index is a weighted sum of CO2 (weight 1), methane (weight 21) and N2O (weight 310): it therefore should not be read as'kilograms' but simply as 

an index that is comparable across sectors within an economy and across different economies.



Table 7.20 Total Emissions (kg1) Attributable To Local Final Consumption Demand In Jersey (1998) 

(In The NCLAS System, With Endogenous Trade And Capital Formation)

Final Demand Sector

Pollutant

Household

Consumption

1

Household

Consumption 

2

Household

Consumption

3

Household

Consumption 

4

Household

Consumption

5

Jersey 

GQFC

Total Emissions (kg)

Attributable to Local

Final Consumption

Global warming potential (GWP) composite 23531240 43385252 54186717 67715006 94593707 28439043 311850966

Carbon dioxide (CO2) as carbon 21721806 40441565 50437300 63036420 87978928 27449163 291065182

Methane (CH4) 84242 135826 173117 215792 305959 46325 961262

Sulphur dioxide (SO2) 97273 147046 199734 224566 291905 64270 1024795

Nitrous oxides (NOx) 175760 306122 391640 475403 651027 205941 2205893

Non-methane volatile organic compounds (NMVOC) 144653 340516 426610 533834 658148 299750 2403511

Carbon monoxide (CO) 819109 1961511 2435320 3065235 3767524 1228547 13277245

Nitrogen dioxide (N20) 130 295 368 474 612 55 1933

Black smoke 6971 10515 13600 15735 21486 5120 73427

Notes:
1. The GWP (Global Wanning Potential) Index Is a weighted sum of CO2 (weight 1), methane (weight 21) and N8O (weight 310): It therefore should not be read as’kilograms' but simply as 

an Index that Is comparable across sectors within an economy and across different economies.

Table 7.21 Percentage Share Of Total Emissions Attributable to Local Final Consumption Demand In Jersey (1998) 

(In The NCLAS System, With Endogenous Trade And Capital Formation)

Final Demand Sector

Pollutant

Household

Consumption

1

Household

Consumption

2

Household

Consumption

3

Household

Consumption 

4

Household

Consumption

5

Jersey

GGFC

Total

Global warming potential (GWP) composite 7.55 13.91 17.38 21.71 30.33 9.12 100

Carbon dioxide (CO2) as carbon 7.46 13.89 17.33 21.66 30.23 9.43 100

Methane (CH4) 8.76 14.13 18.01 22.45 31.83 4.82 100

Sulphur dioxide (SOS) 9.49 14.35 19.49 21.91 28.48 6.27 100

Nitrous oxides (NOx) 7.97 13.88 17.75 21.55 29.51 9.34 100

Non-methane volatile organic compounds (NMVOC) 6.02 14.17 17.75 22.21 27.38 12.47 100

Carbon monoxide (CO) 6.17 14.77 18.34 23.09 28.38 9.25 100

Nitrogen dioxide (N20) 6.73 15.24 19.02 24.52 31.64 2.84 100

Black smoke 9.49 14.32 18.52 21.43 29.26 6.97 100



Figure 7.16 GWP Intensities Of Jersey Local Final Consumption (1998), 
With Endogenised Trade and Capital Formation - Neo-Classical Final 

Demand Expenditure-Pollution Multipliers



Figure 7.17 Attribution Of Total N2O Emissions Generated In Jersey (1998) 
To Local Final Consumption Demand In The Neo-Classical Linear 

Attribution System (With Endogenous Trade and Capital Formation)

Figure 7.18 N2O Intensities Of Jersey Local Final Consumption (1998), 
With Endogenised Trade and Capital Formation - Neo-Classical Final 

Demand Expenditure-Pollution Multipliers

Jersey Local Final Demand Sector



For example, in the case of the GWP index, 91% of emissions are attributable to 

household consumption, and the shares attributable to the individual household 

sectors rises with income. Note also that over 50% of total GWP emissions are 

attributable to the top two household income bands. (Indeed, across all pollutants it is 

the case that over 50% of total emissions and total household emissions are 

attributable to households in the top 40% income bracket.) This is despite the fact 

that, as shown in Figure 7.16, the GWP-intensity of household expenditure tends to 

be higher in the low-income bands. This is due to the point made in Section 3.4.1 

about the importance of the scale of total expenditure in the high relative to the low 
income bands.

I report a similar picture for the individual pollutant N2O in Figure 7.17. In the Jersey 

environmental IO accounting system constructed here emissions of N2O are solely 

related to automotive fuel use. Almost all emissions, 97%, of this pollutant are 

attributable to households, the bulk of this (63%) being direct emissions from 

households’ own automotive fuel use. Again, I find that the contribution of 

households rises with income, with the top two income groups being responsible for 

58% of household emissions and 56% of total emissions. However, in Figure 7.18 

we can see that the N2O intensity of household expenditure tends to fall with income, 

although the picture is slightly different here with the lowest income band sharing a 

relatively low N2O intensity with the highest income band. This is the same pattern 

as is observed in the case of the direct emissions intensities (Table 6.15) and the 

Type I final demand multipliers (Table 7.10 and Figure 7.6) and is fairly similar to 

what is found for carbon monoxide (CO). The point is that both N2O and CO are 

mainly related to automotive fuel use, which tends to account for a lower share of 

each unit of household expenditure in the lowest and highest income bands.

Generally however, the neo-classical final demand multipliers in Table 7.19 show 

that the emissions intensity of household expenditure in Jersey is negatively related 

to income. This is consistent with the fact that energy use, particularly for heating 

and lighting purposes (heating oils and electricity use), per unit of expenditure tends 

to fall as income rises. However, given that total energy use tends to rise with income 
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in Jersey (see Table 6.1 of Chapter 6), this would suggest that anything like a tax on 

energy use intended to reduce emissions generation is likely to be regressive. 

However, it is important to note that this is only suggestive of the likely direct 

impact of an energy tax. General equilibrium analysis would be necessary to 

determine the full impact of any kind of energy tax on different types of household. 

In Chapter 4 (Section 6.3) I discuss the findings of three CGE studies of the 

distributional impacts of energy taxation - Boyd & Uri (1991), Stephan et al (1992) 

and Naqvi (1998). These studies found that, while the direct impact of energy taxes 

may be regressive, this is not necessarily the case in terms of the total impact. Weise 

et al (1995) report that a crucial factor in determining the distributional impact of 

energy taxation is how the resulting revenues are redistributed/spent by government.

4. Chapter Summary And Conclusions

In this chapter I present results generated using the environmental IO accounts 

constructed in Chapters 5 and 6 for the Jersey economy in 1998. My analysis 

combines detailed economic and environmental information to explore the size and 

nature of environmental problems in a small open economy. The results in this 

chapter illustrate the power of IO as a data source and as a flexible and rigorous 

organisational framework for environmental accounting. In terms of the specific 

empirical example presented here, as far as I am aware, my analysis is unique in the 

UK in that both the IO table and the pollution coefficients are constructed from up- 

to-date, region-specific data.

Moreover, the results of the accounting work that I present in this chapter are 

innovative in that I do not rely on the standard Keynesian theoretical underpinning 

normally associated with IO. That is to say, I propose that this form of pollution 

attribution is consistent with the existence of resource constraints and production 

non-linearity. Furthermore, I make an attempt to place local public and private 

consumption centre stage through the development of a neo-classical (trade- 

endogenous) attribution system. I do, however, highlight the fact that significant 

value-added might well be gained by extending this environmental accounting work 
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in a SAM context. This would permit a more sophisticated endogenisation of final 

demand sectors. It would also allow an empirical investigation of the attribution 

concepts. Gross National Pollution and Gross Domestic Pollution, that I suggest in 
Section 2.2.2 of this chapter.

However, it is important to stress that no matter how sophisticated attribution 

accounts are made, average attribution should not be confusion with marginal 

attribution or accounting confused with modelling. For example, it is appropriate to 

use the IO environmental accounts to say that in 1998 on average £100 million of 

Jersey consumption generated x tonnes of CO2. However, it would be inappropriate 

to use the accounts to speculate about the additional pollution that would be 

generated in Jersey by additional consumption, unless very restrictive, and 

unrealistic, assumptions are made about the nature of the Jersey economy. Moreover, 

simply because a sector is a major polluter does not mean that it would be most cost- 

effective target for pollution reduction: any policy initiative is likely to result in 

endogenous price changes that cannot be predicted in an accounting framework. 

These issues require modelling, not accounting.

At the start of this chapter I discuss the possibility of using the environmental IO 

system for modelling applications. However, as I note above, this would involve 

making very restrictive and unrealistic assumptions about the nature of the Jersey 

economy. One problem is the presence of supply constraints, particularly in the 

Jersey labour market. In Appendix 7A I do make an attempt to limit the 

repercussions of having to make the assumption of infinitely elastic supply in an IO 

modelling application by looking at a combination of demand shocks where it is 

possible to impose a labour supply constraint. I do this by introducing two demand 

disturbances, where one is designed to offset the total employment effect of the 

other. However this is at best an ad hoc adjustment. A second problem is that in the 

IO framework quantities are modelled independently of prices, with the implication 

that the effects of any endogenous changes in prices in response to a given 

disturbance are ignored.
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Therefore, the argument motivating the rest of my thesis is that a more flexible 

general equilibrium framework allows incorporation of more realistic supply- and 

demand-side behaviour. Fortunately, the environmental 1-0 accounts as I have 

developed them here serve as an ideal database for constructing such a model, and it 

is to this that I now turn my attention. In Chapter 8 I discuss the construction of a 

more flexible economy-environment CGE modelling framework of the Jersey 

economy. Then in Chapter 9 some illustrative simulations using this framework are 
presented.

372



Chapter 8. A Multi-Sectoral Economic-Environmental CGE 

Modelling Framework for Jersey (JEMENVI)

1. Introduction

In Chapters 6 and 7 I construct an environmental IO system for Jersey, using the 

basic Leontief methodology adopted by most of the environmental IO models 

reviewed in Chapter 3. Such a method involves my generalising the standard IO 

economic framework to take account of physical energy use and pollution generation 

that accompanies the production or consumption of economic commodities. In 

constructing the Jersey environmental IO system I focus on identifying Jersey­

specific environmental coefficients, including direct emissions intensities for eight 

individual and one composite pollutants and physical energy use intensities for eight 

individual fuel types. The other main development of Chapter 7 is the inclusion of 

environmental coefficients for the two final demand groups that are responsible for 

direct energy use and pollution generation in Jersey, households and tourists, with 

households disaggregated by income band. I further develop the Jersey 

environmental IO system through the introduction of the neo-classical linear 

attribution system (NCLAS), which identifies local consumption as the driver of all 

pollution generation in the system.

However, I argue that environmental IO analysis for Jersey should be limited to the 

type of base year accounting application presented in Chapter 7. This is because of 

the problems associated with using conventional IO modelling techniques in 

conditions where the supply-side response of the economy is likely to be important. 

In the case of Jersey, where the labour market is known to be subject to supply 

constraints, these problems will be particularly relevant. I first introduce the 

problems associated with conventional IO modelling at the end of Chapter 3. 

Consequently, in Chapter 4 I go on to look at applications of more flexible 

computable general equilibrium (CGE) approaches to economic-environmental 

modelling. A CGE approach allows construction of a richer, more theory-consistent 
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model, while retaining the multi-sectoral, data-driven focus that has made IO such a 

popular choice for economic-environmental analysis.

The current chapter leads on from the discussion of economic-environmental CGE 

applications in Chapter 4, with a discussion of the CGE modelling framework that I 

apply to the Jersey economy in Chapter 9. My work on developing an economic- 

environmental framework for Jersey is part of a wider modelling project at the Fraser 

of Allander Institute. Over the last decade the Fraser of Allander Institute has 

developed the AMOS CGE modelling framework. This framework has usually been 

parameterised on Scottish data but it is suitable for application to other small open 

regional economies. The wider Jersey modelling project centres on applying the 

AMOS framework to the case of Jersey. My objective is to adapt the AMOS 

framework in such a way as to allow development of an economic-environmental 

model of Jersey that fully exploits the unique local database that is developed in 

Chapters 5 and 6 of this dissertation. In particular, I develop the existing 

environmental component of a multi-sectoral variant of AMOS to incorporate the 

environmental (energy use and pollution generation) coefficients that I derive from 

the Jersey economic-environmental accounts in Chapter 6 (Section 4).

Therefore, my objective in this chapter is to explain how the generic AMOS CGE 

modelling framework is developed to incorporate endogenous environmental 

variables, and how this framework is applied to the Jersey case to construct an 

economic-environmental model for Jersey (JEMENVI). The general approach is 

illustrated by a condensed version of the generic AMOS framework, set out in Table 

8.1. Note that in this condensed version of the model structure intermediate 

demands, taxes, income transfers and the participation rate have been suppressed for 

pedagogic reasons (see notes to Table 8.1). However, these simplifications are 

limited to the listing in Table 8.1 and do not apply to the model itself.

In the text I expand on Table 8.1 (see below — Section 2.1) in a more detailed 

discussion of the generic model structure. In Section 2 I outline the basic AMOS 

framework. Then, in Section 3,1 introduce the «-sector variant of AMOS that is most 
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suitable for environmental applications, and explain the application of this 

framework to the case of Jersey, with the introduction of the JEMENVI. Finally, I 

provide chapter summary and conclusions in Section 4.

2. AMOS (A Macro-Micro Model Of Scotland!

2.1 Model Structure

The AMOS framework is introduced in Harrigan et al (1991). AMOS was initially 

parameterised on 1989 data for the Scottish economy1. Harrigan et al (1991, p.424) 

explain that AMOS is regarded as a modelling frame work “because it encompasses a 

range of behavioural assumptions, reflected in equations which can be activated and 

configured in many different ways”. Therefore it transcends any single perspective of 

the operation of markets in the economy. AMOS incorporates a wide range of 

behavioural options, allowing the modeller to choose from a variety of model closure 

and key parameter values as appropriate for particular applications. Thus, it is also a 

framework that can be applied to any small open regional economy for which 

corresponding data are available. The essential data requirements for application of 

the AMOS framework are:

1 As part of the more general work undertaken alongside the present study, I have been responsible for 
updating the SAM database for Scottish applications of the AMOS framework. One result of this is a 
1994 version of the basic 3-sector variant of AMOS.

1. A set of structural parameters, generally given by the social accounting matrix 

(SAM) for the target economy in the chosen base year - e.g. the capital intensity 

of production in individual sectors.
2. A set of behavioural parameters based on econometric estimates or informed 

judgement - e.g. the elasticities of substitution among inputs to production

3. A final set of model parameters that are calibrated on the initial equilibrium 

conditions -e.g. the constant in the migration function (equation (8.24) below in 

Section 2.1.3).
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Table 8.1. A Condensed Version Of The Generic AMOS CGE Model

Economic Equations Short-run

(8.1) Commodity price Pi = Pi(wn, Wki)

(8.2) Wage setting wn = wn (N/L, cpi)

(8.3) Labour force L = L

(8.4) Consumer price 
index

„ RUK - RUK ROW - ROW
«pi =2/i pi+pi +£$ pi 

i i i

(8.5) Capital supply KiS = KiS

(8.6) Capital price index
RUK - RUK ROW - ROW

kPi =X^Pi+ Pi +X^i Pi

i i i

(8.7) Labour demand Nid = Nid(Qi,wn,wk|)

(8.8) Capital demand Kd = Kid(Qi, wn, wki)

(8.9) Total labour 
demand

y>d=N 
/

(8.10) Capital market 
clearing

Kis = Kd

(8.11) Household 
income

Y = TnNwn +Tk££iWki 
/

(8.12) Commodity 
demand

Qi = Ci + h + Gi + Xi

(8.13) Consumption 
demand

Ci = Ci(pi,p7UK,piR0W,Y,cpi)

(8.14) User cost of 
capital ____

uck = uck(kpi)
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Economic equations 
(cont..)

(8.15) Desired capital 
stock

K,* = Kid(Qi, wn, uck)

(8.16) Investment 
demand

T _TZ„ „"RUK “row Tli li(Pi, Pi 5 Pi 5 / ij lj )

Iid=A.i(K/- Ki)

(8.17) Government 
demand

Gi=Gi

(8.18) Export demand Y-V^ „KUK “ROW EiKUKVsROWxXi - Xi(pi, pi , Pi , D ,D )

Multi-period model Stock up-dating equations

(8.19) Labour force Lt = Lt.i + nmgt-i

(8.20) Migration
nmS / / • RUK/ -RUK xt /r xtRUK/t RUKx----- = nmg (wn/cpi,wn /cpi , N/L, N /L )

L

(8.21) Capital stock Kit = (1 - di) Kit-i + Iit-id

Environmental 
equations

Short-run

(8.22) Pollutants POLk = £ m ik Qi + m zk Cz 
/ i

(8.23) Physical energy 
use

FUELj = J\iiQi+ ^^Z,CZ 
/ i
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NOTATION

Activity-Commodities

i, j are activity/commodity subscripts. (There are twenty-five of each in JEMENVI: 
see Appendix 8A.)

Transactors

RUK = Rest of the UK, ROW = Rest of World

Functions

nmg(.) 

p(-) 
uck(.) 

w(.) 
Kd(.),Nd(.)

net migration function
cost function

user cost of capital formulation 

wage-setting equations 

factor demand functions

C(.),!(.), X(.) Armington consumption, investment and export demand functions,

homogenous of degree zero in prices and one in quantities

Variables
C consumption

D exogenous export demand

G government demand for local goods

I
Id

Kd, Ks, K

investment demand for local goods

investment demand by activity

capital demand, capital supply and capital employment

L
Nd, N

labour force
labour demand, and total employment

Q
X

commodity/activity output 

exports

Y household nominal income

b elements of capital matrix

cpi, kpi 

d

consumer and capital price indices 

physical depreciation
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nmg net migration

p price of commodity/activity output
uck user cost of capital

wn, wk wage, capital rental

T7 share of factor income retained in region

0 consumption weights

7 capital weights

k capital stock adjustment parameter

POLk quantity of pollutant k

mik output-pollution coefficients

mZk (final demand) expenditure-pollution coefficients

FUELi quantitity of energy/fuel type 1

Sii output-energy use coefficients

ezi (final demand) expenditure-energy use coefficients

Note (*): To report this condensed version of JEMENVI, I make two main simplifications:

1. Intermediate demand is suppressed throughout (e.g. only primary factor demands are 

noted in price determination in equation (1) and final demands in the determination of 

commodity demand in equation (12).

2. Income transfers are generally suppressed.

3. Taxes are ignored.

4. The participation rate is ignored.
5. The wage setting function (8.2) and the migration function (8.20) are expressed in terms 

of the employment rate rather than the unemployment rate.

All of these simplifications are limited to the model listing - i.e. they do not apply to the 

model itself.
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The initial (Harrigan et al 1991) version of the AMOS is a single region static 
modelling framework2. The single time period can be interpreted as applying to 

different conceptual time periods (short, medium and long run) depending on what 

assumptions are made about the capital and labour markets. However, an important 

additional feature is introduced in applications such as McGregor and Swales (1994), 

McGregor et al (1996), where the process of adjustment to long-run equilibrium is 

analysed using a multi-period recursive dynamic approach. This means that the path 

of adjustment of the economy in response to any disturbance can be tracked through 

a series of short-run equilibria. A full description of the initial (static) AMOS 

framework and listing of the model equations is given in Harrigan et al (1991). Here 

I give a brief summary of the key features of the basic framework, including the 
multi-period variant.

2 A two-region variant of the AMOS framework has also been developed, calibrated on Scottish and 
UK data. See Gillespie et al, (2000a, 2001).
3 AMOS does not distinguish between central and local government in the UK (i.e. there is only one
consolidated government sector).

2.1.1 Overview

The initial AMOS framework incorporates:

• 3 transactor groups - households, firms and government3

• 3 commodities and activities - manufacturing (M), non-manufacturing traded 

(NMT), and non-traded/sheltered (NT)4

• 2 exogenous external transactors - for the case of Scotland (or any UK region), 

these are the rest of the UK (RUK) and the rest of the world (ROW)

There are four main components of final demand (represented by equation (8.12) in 

the condensed version of the model in Table 8.1):
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1. (Household) consumption, which is a linear homogenous function of real 

disposable income (Equation (8.13)).

2. Investment is treated in various ways, dependent upon the particular model 

closure that is chosen. In the short- and medium-run the capital stock and its 

sectoral composition are fixed so that, even where investment is endogenous, 
capital stocks are not updated . In long-run equilibrium investment for each 

sector is endogenous and equal to depreciation with sectoral capital stocks set at 

their desired, cost-minimising levels. (Equation (8.15) (In the multi-period 

variant of the model, investment in each period is equal to depreciation plus some 

fraction of the gap between actual and desired capital stock - see Section 2.1.3 
below.)

5

3. Government expenditure, which is taken to be exogenous (Equation (8.17)).

4. Exports, where exports and imports are determined via an Armington link, 

making them relative price sensitive (equation (8.18)). The Armington trade 

substitution elasticity determined by the model user (or informed by econometric 

work).

4 In the initial (Harrigan et al, 1989) 3-sector model, the non-traded sector incorporates (mainly public 
sector, construction and utility) activities where trade is treated as being fixed. In later versions of the 
model this sector is treated as ‘sheltered’ where trade is not fixed, but is small relative to other sectors.
5 There is also an option that keeps the total capital stock constant but allows sectoral mobility.
6 This variant of the AMOS framework also admits increasing returns technology, subject to second 
order conditions being satisfied for profit maximisation.

Harrigan et al (1991, p.425) explain that the primary motivation in developing the 

AMOS framework “was to extend the range of market processes and spatial 

economic interaction commonly admitted by regional economic models”. This is 

reflected in the option to model commodity markets as being either perfectly 

competitive (where price is equated to marginal cost) or imperfectly competitive 

(where prices are marked up over marginal cost in a multi-sectoral generalisation of a 
Layard and Nickell (1986) type model6).
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As I explain below, a range of labour market options are also encompassed in the 

AMOS framework, with continuous market clearing at one extreme, but with various 

forms of non-market clearing captured in the alternative labour market closures.

In terms of spatial economic interaction, while the (initial) AMOS is a single region 

modelling framework, in which all extra-regional variables are exogenous, it 

nevertheless offers a variety of views of the operation of the spatial economy. Firstly, 

the local labour market is linked to other UK regions through a migration 

relationship (see equation (8.20) and Section 2.1.3 below). Secondly, the commodity 

market options allow close international and interregional trade, giving a good 

approximation to the standard ‘small open economy’ assumption of international 

trade theory. However, at the other extreme, an appropriate choice of functional form 

and/or parameter values will result in a model in which regional goods prices are 

effectively determined independently of international prices. In addition, AMOS also 

provides the opportunity to impose constraints on the regional balance of payments 

and on public sector net transfers to the region.

2.1.2 Production Structure

In all model configurations cost-minimisation in production is imposed, with multi­

level production functions, generally of constant elasticity of substitution (CES) 

form, so there can be input substitution in response to relative price changes, but with 

Leontief and Cobb-Douglas (CD) available as special cases. In the CES functions, 

elasticities of substitution, cr, as with all parameter values, can be set for individual 

applications according to econometric or ‘best guess’ estimates. The production 

inputs are labour (L), capital (K) and intermediates (J), with a choice between locally 

produced intermediate commodities and imports from RUK or ROW.

Intermediate purchases of locally produced goods and services in the base year 

(long-run) equilibrium are determined by the industry-by-industry block of the IO 

table (the upper left quadrant of Table 5.3 in Chapter 5) and are substitutable for 
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imported commodities via an Armington link. The composite input then combines 

with value-added (capital and labour) in the production of each sector’s gross output.

Figure 8.1 — Production Structure In The Basic (3-sector) AMOS Framework

Q
c(va)i

Figure 8.1 gives the output structure and corresponding basis for prices. However, 

note that in the condensed version of the model in Table 8.1 only value-added and 

value-added prices are treated explicitly. However, the prices of the intermediate 

goods that make up the intermediate composite are required. All local input prices 

are endogenous to the system, while all import prices are exogenous. The precise 

nature of the intermediate composite, J, depends on relative prices and the 

possibilities for substitution between different sources and types of intermediate 

input at each level. The dual of the production relationships in Figure 8.1 are cost 

functions. For example the price of value-added is determined by the rental rates of 

capital and labour (equation (8.1)). Gross output and the intermediate composite 

prices are determined in the same way, though this is suppressed in the condensed 

version of the model presented in Table 8.1.
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The precise form of the wage equation (equation (8.2)) depends on what type of 

labour market regime is assumed to exist. One of the key features of the AMOS 

framework is that it incorporates five alternative labour market closures. The 

specification of the wage equation in each is fairly standard:

1. Neo-classical/continuous market clearing. Here the wage adjusts so as to equate 
labour demand and labour supply.

2. Keynesian. The nominal wage is exogenously determined at the regional level. 

The motivation for this would generally be a national bargaining regime. The 

aggregate labour supply function is suspended up to full employment.

3. Real wage resistance. The real wage is fixed - i.e. the nominal wage is a mark up 

on the consumer price index.

4. Regional Phillips curve. Nominal wages are related to consumer price index and 

responsive to unemployment (the AMOS default values for this closure are 

informed by econometric work on Scottish data).

5. Exogenous labour supply. A fixed proportional relationship exists between 

employment and working population (this is often taken to be the closure for 

national CGE models, and, as I explain in Section 4.1 below, is what I assume for 

the default configuration of the Jersey model).
6. Regional wage bargaining (also referred to as the bargained real wage, BRW, 

closure). The regional consumption wage is directly related to workers’ 

bargaining power and inversely related to the regional unemployment rate via a 

bargained real wage function. Note that this closure does imply that local wages 

are flexible in that they respond to the local excess demand for labour.

Option (6), the regional wage bargaining option was not available in the initial 

(Harrigan et al 1991) version of AMOS. However, in recent years empirical support 

has grown for the notion of regional wages being determined in this way. In the 

AMOS framework the specification of the bargaining function is based on the (UK) 

regional econometric work reported by Layard, Nickell and Jackman (LNJ 1991).
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This option is commonly selected for applications of the AMOS framework to the 

Scottish economy (see, for example, Gillespie et al (2000b)).

2.1.3 Capital Stocks And Population Adjustment

Under all closures, the labour market is characterised by perfect sectoral labour 

mobility and the labour force adjusts through migration. In the static version of the 

model there is no migration in the short run, with population, like the capital stock 

being fixed (equations (8.3) and (8.5)). In the medium to long run migration is 

possible (equation (8.20)). In the medium run there is full adjustment of the 

population so that the zero net migration condition is reinstated. However, the capital 

stock remains fixed. In the long run both the population and the capital stock are 

fully adjusted so that the system exhibits zero net migration and capital stocks are at 

their desired levels (equation (8.15)).

The adjustment process to long-run equilibrium is captured in the multi-period 

variant of the model. There are various options in the model for how migration 

occurs in the AMOS framework. The most commonly applied option uses the net 

migration flows in any period to update population stocks at the beginning of the 

next period (equations (8.19) and (8.20)). The regional economy is initially assumed 

to have zero net migration (as in the short-run in the static model), and ultimately, net 

migration flows re-establish this (long-run) population equilibrium. Net in-migration 

in any one period is taken to be positively related to the regional real wage 

differential in the target region relative to the national economy and negatively 

related to the regional unemployment rate differential in accordance with the 

econometrically estimated model reported in LN J (1991).

(8.24) m = P - 0.08(us - ur) + 0.06(ws - wr)

where:
m = the net in-migration rate (as a proportion of the indigenous population) 
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wx and ux the natural logarithms of the real consumption wage and 

unemployment rates in Scotland (s) and RUK (r)

p = a calibrated parameter (i.e. the value of p is determined when the model 

is calibrated to the base year dataset to meet the requirement of zero net 

migration in long-run equilibrium)

This migration model is based on that in Harris and Todaro (1970), and is commonly 

employed in studies of US migration (e.g. Greenwood et al, 1991; Treyz et al, 1993).

The process of adjustment of the capital stock is also captured in the multi-period 

variant of the model. Within each period, both the total capital stock and its sectoral 

composition are fixed, and commodity markets clear continuously. Each sector's 

capital stock is updated between periods via a simple capital stock adjustment 

procedure, according to which investment equals depreciation plus some fraction of 

the gap between the desired level of the capital stock and its actual level (equations 

(8.15) and (8.21)). This process of capital accumulation is compatible with a simple 

theory of optimal firm behaviour given the assumption of quadratic adjustment costs. 

Desired capital stocks are determined on cost-minimisation criteria and actual stocks 

reflect last period's stocks, adjusted for depreciation and gross investment. The 

economy is assumed initially to be in long-run equilibrium, where desired and actual 

capital stocks are equal, so that investment is simply equal to depreciation.

This treatment of capital stock adjustment is wholly consistent with sectoral 

investment being determined by the relationship between the capital rental rate and 

the user cost of capital. The capital rental rate is the rental that would have to be paid 

in a competitive market for the (sector specific) physical capital: the user cost is the 

total cost to the firm of employing a unit of capital. Given that the interest, capital 

depreciation and tax rates are taken to be to be exogenous, the capital price index 

(equation (8.6)) is the only endogenous component of the user cost. If the rental rate 

exceeds the user cost, desired capital stock is greater than the actual capital stock and 

there is therefore an incentive to increase capital stock. The resultant capital 

accumulation puts downward pressure on rental rates and so tends to restore 
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equilibrium. In the long run, the capital rental rate equals the user cost in each 

sector, and the risk-adjusted rate of return is equalised between sectors.

2.1.4 Final Consumption Demand

As with cost minimisation in production, in all model configurations cost 
minimisation in consumption is imposed.

Figure 8.2 — Structure Of Consumption Demand In The Basic (3-Sector) AMOS 
Framework
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Final consumption demand for each sector’s output (equations (8.13), and (8.16) to 

(8.18)) is allocated between the household and non-household sectors using a share 

vector that is based on the corresponding shares in final consumption for that sector’s 

output in the base year. Household consumption of the commodities produced by the 

(two) traded sectors is a composite made up of UK and ROW commodities, with the 

UK consumption commodity a composite of locally produced and RUK goods. An 

Armington assumption is adopted concerning the demand for traded commodities. 

That is to say, locally produced goods and imports are imperfect substitutes for one 

another, but combine to make a composite consumption good in the case of each 

traded commodity. In a manner similar to the case of production, the consumer 
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attempts to minimise the cost of a given consumption composite, and will, in general, 

substitute against commodities whose price has risen.

The choice of aggregation functions available in the AMOS framework is the same 

as with production: CES, CD and Leontief. If CES is selected, the substitutability 

between commodities is dictated by the modeller’s choice of the elasticity of 

substitution. (If high values are chosen, the case of the law of one price will be 

approximated because locally produced commodities and imports become very close 

substitutes; at the other extreme, if Leontief functions are assumed locally produced 

commodities and imports become complements in consumption.)

In the small non-household sector, the composition of consumption demand between 

locally produced commodities and imports from RUK and ROW is simpler, being 

based on the share of base year expenditure going to locally produced, RUK and 

ROW traded commodities.

2.2 Application Of The 3-Sector AMOS Framework

McGregor et al (1995 and 1996) use the 3-sector AMOS model to explore the 

implications of moving from the IO approach to modelling the economy using a 

more flexible CGE framework by relaxing the Leontief assumptions of quantities 

being modelled independently of prices and no supply-side constraints. However, 

depending on the policy application that needs to be modelled, the basic 3-sector 

framework is often considered to be too limited. For example, Gillespie (1999) 

develops a four-sector variant of the AMOS framework, where the manufacturing 

(M) sector is disaggregated by ownership (UK and foreign owned) for the purpose of 

analysing the system-wide impact of foreign direct investment (FDI) in Scotland. 

This version of the model, AMOSFDI, is further developed in Gillespie et al (2000), 

where the manufacturing sector (M) sector is further disaggregated to identify 

different types of manufacturing and different types of FDI plant (developmental and 

non-developmental). This 25-sector variant of the AMOS framework is used to 
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analyse the impact of an expansion in developmental foreign direct investment in the 
Scottish electronics sector.

Similarly, the 3-sector AMOS framework is not suitable for applications that seek to 

analyse the impact of the economy on the environment. In Chapter 3 (Section 2) I 

argue that the first requirement of an economic-environmental modelling framework 

is that it should be multi-sectoral in nature because of the importance of the 

composition of economic activity in governing its environmental impact. From the 

literature review in Chapters 3 and 4 it is clear that this is a generally accepted 

requirement. Industries are known to differ radically in the extent to which they 

generate pollution of various kinds, and it is therefore clear that any practical model 

of the economy-environment nexus must reflect this. Accordingly, a framework that, 

for example, aggregates all manufacturing sectors is of limited usefulness where the 

focus of the analysis is on environmental impacts.

The «-sector variant of the AMOS framework used by Gillespie et al (2000) was 

developed to address issues that are likely to require a higher degree of sectoral 

disaggregation of the economy than can be represented in the 3-sector model. The 

production and consumption structures illustrated in Figures 8.1 and 8.2 generalise in 

a straightforward way to the «-sector case. As with the initial version of AMOS, the 

«-sector variant encompasses a full range of behavioural assumptions and alternative 

market closures, which means that there is a high degree of flexibility in terms of the 

type of applications it can be used for. As above, the core requirement is an 

appropriate SAM database.

3 . Using The Generic A-sector Variant Of AMOS To Construct An 

Economic-Environmental Modelling Framework For Jersey (JEMENVT)

3.1 The Jersey Economic Model (JEM)

Not only can the AMOS framework be calibrated to different base years for the 

Scottish economy; it can also be used to model activity in different regional 
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economies. In Section 2.1 above I explain that the AMOS framework can be applied 

to any region for which an appropriate SAM database exists and where the range of 

available model configurations encompasses the type of market conditions that exist 

in the target economy. Thus an economic modelling framework for Jersey (JEM) can 

be constructed by applying the SAM database describing the structure of the Jersey 

economy in 1998 that was constructed in Chapter 5 and identifying possible model 

configurations and parameter values that are likely to apply in the Jersey case7.

7 Note that in Chapter 5, Section 4.2 I explain how it is not possible to disaggregate households by 
income band in the Jersey SAM because data are not available on the share of income from 
employment in each sector going to each income group. Therefore, in contrast to the environmental 
IO model that I present in Chapter 7, in the current version of the Jersey CGE model it is only possible 
to model a single representative household group.

There is one point regarding the classification of the Jersey economy in the AMOS 

framework that I should draw attention to. Note that in the condensed version of the 

generic AMOS framework in Table 8.1, and in Figures 8.1 and 8.2, the superscript 

‘RUK’ in all equations where external prices enter as independent variables will be 

‘UK’ in the case of Jersey. Jersey is not part of the UK, with the implication that the 

term ‘RUK’ in the AMOS framework, which was originally specified for Scotland 

(as a region of the UK) becomes simply ‘UK’. However, the close integration of the 

Jersey economy with that of the UK, particularly with respect to trade flows, means 

that the treatment of the UK in the Jersey model is effectively the same as for RUK 

in the Scottish applications of the AMOS framework.

The activities/commodities identified in JEMENVI are specific to the Jersey case -1 

list these in Appendix 8A (note that the 25 activities/commodities correspond to the 

sectors identified in the Jersey IO accounts in Table 5.3).

As in the general AMOS case, within the basic JEMENVI framework it is possible to 

choose from the range of options regarding how markets are assumed to function in 

Jersey. This is normally done when simulations are being set up (see Chapter 9, 

Section 2). However, I begin by identifying a default configuration for Jersey that 

can be varied if and when it is appropriate to do so.
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First of all, I assume that all goods markets are competitive and that there is no 

binding constraint on the balance of payments or government budget. However, the 

model tracks both the balance of payments and public spending deficit.

The choice of labour market closure is an important issue. This is particularly so in 

the case of an economy like Jersey, where labour market constraints are thought to be 

crucial to the performance of the economy. In future simulation scenarios using the 

Jersey model the choice of labour market closure is likely to be a key factor that will 

be singled out for sensitivity analysis. However, as a starting point, I take the default 

labour market closure to be the exogenous (fixed) labour supply option. That is to 

say, I assume that Jersey is characterised by a constant (but very small) 

unemployment rate, meaning that there is a fixed proportional relationship between 

employment and working population and a totally inelastic aggregate labour supply 

curve. This would seem a reasonable assumption for Jersey, particularly in the 

simulations that reported in Chapter 9, where I constrain the operation of the labour 

market by exogenously imposing population and labour force projections made 

independently for Jersey by the UK Government’s Actuarial Department. However, 

as I note above, the choice of labour market closure is likely to be subject to 
o 

investigation and variation in future simulations .

Another option in the JEMENVI framework concerns the choice of key behavioural 

parameter values. A number of parameter values are determined when the model is 

calibrated to recreate the base year dataset constructed in Chapter 5 (the Jersey SAM, 

augmented with additional labour market and investment data). However, key 

parameter values, such as the speed of adjustment of the capital stock (from actual to 

desired levels), the relative price sensitivity of import and export demand, and 

elasticities of substitution in production are generally pre-specified (thereby 

constraining the process of calibration). No historical economic data are available for

8 In fact, while I do not report the results here, the Fraser of Allander Institute has conducted 
additional population simulations using the JEMENVI model. These are similar to those I report in 
Chapter 9, but adopt the alternative regional bargaining closure. We find that the simulation results do 
not appear to be very sensitive to this change of labour market closure, given the low elasticity of 
labour supply in the bargained real wage function.
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econometric estimation of parameter values in the Jersey case. Therefore, I must 

determine non-calibrated values according to what is observed for comparable 

economies and informed judgement. In the first instance I have determined default 

settings for the following key behavioural parameter values through consultation 

with the States of Jersey and the States’ economic consultants following a review of 

parameter values used in models of comparable economies:

• Speed of adjustment, actual to desired capital stock: 0.3

• Elasticities of substitution in production of (all activities)

- Value added (capital and labour): 0.8 (CES)

Intermediates composite: 0.0 (Leontief)

Gross output (value added and intermediates composite): 0.0 (Leontief)

• Armington trade elasticities: imports 2.0, exports 5.0 (all activities, including 

. final consumption)

The first is the default setting used in the AMOS framework. The initial JEMENVI 

default setting for the elasticity of substitution between capital and labour of 0.8 for 

all sectors has been determined following a literature review of models constructed 

for comparable economies and consultation with the States of Jersey’s economic 
consultants9. The assumption of Leontief technology in the production of total 

intermediates and gross output is required because of data constraints. The 

intermediate production matrix for Jersey is so sparse that use of a multiplicative 

function, such as CES, is not possible - see the upper left hand quadrant in the IO 
table constructed in Chapter 5, Table 5.310. Use of a multiplicative function should 

be possible in the combination of value-added and the intermediate composite in the 

production of gross output. However, at this time I adopt the AMOS default setting 

of Leontief technology for this relationship. The Armington import elasticity is also 

set to the AMOS default setting of 2.0 for all sectors. However, I select a higher 

9 Note that I conduct initial sensitivity analysis of simulation results to the value of this parameter in 
Chapter 9. However I hope that future research will involve further sensitivity analysis and 
identification of sector-specific values for this particular relationship.
10 As I explain in Chapter 10, hopefully it will be possible to develop the modelling software for 
Jersey to allow some substitutability between key intermediate inputs, such as different types of 
energy.
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value, 5.0, for the export elasticities because of the belief held by the States and their 

consultants that Jersey exports are relatively highly price sensitive11.

11 My sensitivity analyses in Chapter 9 also focus on the value the Armington elasticity of export 
demand. However, this is another area I hope will be subject to more extensive sensitivity analysis 
and sector-specific investigation in subsequent research. Specifically, in the first instance, I intend to 
repeat the simulations in Chapter 9, focussing on the impact of imposing different values for the 
Armington elasticities of export demand in different parts of the Jersey Finance sector.

4.2 Adding The Environmental Component (JEMENVI)

Where an economic-environmental model is required for Jersey, the «-sector 

framework is the most appropriate variant of AMOS. In Chapter 3 (Section 2) I 

explain that one generally agreed requirement for a model of economic- 

environmental interaction is that it be multi-sectoral in nature because patterns of 

resource-use and pollution generation are likely to differ significantly across 

different types of activity in the economy. The 25-sector breakdown of the 

economic-environmental database constructed in Chapters 5 and 6 has been 

determined on this basis. Therefore I require that the CGE modelling framework is 

capable of modelling each of these sectors separately.

The environmental component of the generic AMOS framework that I develop here 

is a block of equations relating the physical generation of pollutants to the production 

of sectoral outputs and the level of real household expenditure in the base year that 

the model is calibrated to. These take the form of equation (8.22) in Table 8.1, which 

I reproduce here:

(8.22) POLk = y m ik Qi + m zk Cz 
i z

Where POLk is the total physical amount of pollutant k generated in the economy in 

the chosen time period, Wik and wzk are the output- and expenditure-pollution 

coefficients for each production sector i, and final demand sector, z, respectively. In 

Chapter 6, Section 4 I explain that the output- and expenditure-pollution coefficients
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respectively reflect the physical amount of pollutant k generated for each monetary 

unit of sectoral output, Qi, and final demand expenditure, Cz.

Specifically, I use the Jersey-specific matrices Mj and Mz in the JEMENVI model 

database to allow computation of equation (8.17). (Note that the appropriate version 

of Mz will be the 9x2 version where household pollution coefficients are given for 

aggregate households (see Chapter 6, Section 4) because it is not possible to model 

households disaggregated by income band in the current Jersey CGE framework.)

However, note that the Jersey matrix Mz includes a vector of expenditure-pollution 

coefficients for direct emissions generation by tourists. At this time, the AMOS 

software only allows inclusion of direct emissions generation by one final demand 

group. To explain, the AMOS software was developed to include an environmental 

component at a very early stage of the Jersey project, before my research on which 

final demand sectors are responsible for direct emissions generation in Jersey began. 

This development used Scottish data for 1989 in order to allow the model to be 

calibrated and tested. However, the environmental component of the Scottish 1989 

database is based on McNicoll & Blackmore’s environmental IO accounting work, 

where aggregate households are the only final demand sector attributed with any 

direct emissions generation12. Therefore the environmental development of the 

AMOS software is limited in that it only allows computation of direct emissions 

generation, or, more generally, any physical units - pollution or energy-use - per unit 

of total expenditure by one final demand sector, households.

12 The Scottish economic-environmental CGE modelling framework is referred to as AMOSENVI. As 
part of the work associated with my study, I have updated the AMOSENVI framework using an 

Therefore I have to compute direct emissions generation by tourists in Jersey off­

line. I do this by taking Cz, where z = tourists, from the results of computing 

simulation (and base-run) scenarios and applying this directly to the vector of tourist 

expenditure-pollution coefficients. Specifically, because all direct emissions are a 

result of tourist expenditure on automotive fuels, I apply the vector mt to the change 

in tourist expenditure on the composite commodity of the ‘Gas, Oil and Fuel
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Distribution’ sector. (In Chapter 10 I recommend that the JEMENVI software be 

developed to extend the number (as well as the range) of sources of pollution 
generation that can be modelled endogenously.)

The other part of the environmental component that I introduce to the AMOS 

framework is a second block of equations relating the physical use of different types 

of energy to the production of sectoral outputs and the level of real household 

expenditure. These take the form of equation (8.23) in Table 8.1, which I reproduce 

here:

(8.23) FUELi= ^£iiQi+ ^^ziCz 
/ z

Where FUELj is the total physical amount of fuel 1 used in the economy in the 

chosen time period, and are the energy consumption coefficients for each 

production sector i, and final demand sector, z, respectively, as derived in Chapter 6, 

Section 5 (matrices Ei and Ez). Note that, as with pollution in (8.22), direct fuel use 

by tourists must be calculated off-line.

I should point out that where it is possible to make developments to the 

environmental component of the existing AMOS framework by carrying out off-line 

computations I have done so. However, other potential developments, such as 

modelling input-pollution relationships, cannot be accomodated in this way.

For example, emissions factors are available to compute pollution generation using 

equations (6.1) and (6.2) from Chapter 6. (See Sections 2.2 and 4 - this is how I 

compute emissions-by-sector for construction of the pollution coefficients.) 

However, the current version of the economic model can only compute results for the 

aggregate ‘Oil & Fuel Distribution’ sector and not for the individual fuel uses 

required for computation of (6.1) and (6.2). Even if I were to disaggregate the ‘Oil & 

Fuel Distribution’ sector in order to identify each individual fuel type the results of 
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computing (6.1) and (6.2) for each pollutant would be quantitatively the same as 

what is found using equation (8.22). This is because the assumption of Leontief 

technology in the production of the intermediate composite in all sectors, and in 

determining the composite consumption good for all final demand sectors, means 

that the use of all fuels within each individual sector changes proportionately in 

response to any disturbance. In Section 4.1 above, I explain that the assumption of 

Leontief technology in the production of the intermediate composite is a necessary 

one given the sparcity of the inter-sectoral matrix of the IO and SAM database, 

which prevents use of a multiplicative functional form, such as CES. Thus there is no 

possibility of any change in the level of emissions arising from substitution among 

fuels with different pollution characteristics. As I discuss in more detail in Chapter 

10, relaxing this restriction requires separating energy use from other intermediates 

to allow substitution between different types of fuel before energy is combined with 

other materials and value-added in the production and consumption structures of the 

model.

4. Chapter Summary And Conclusions

In this chapter I explain the application of a new region-specific database to an 

existing CGE modelling framework in order to generate an economic-environmental 

CGE model for Jersey. As with the existing «-sector variant of the generic AMOS 

system that I use as a template, the new JEMENVI model is a multi-sectoral 

modelling framework, which incorporates a wide range of possible model 

specifications. This is crucially important in the case of Jersey, where a lack of 

historical region-specific economic data means that having the facility for 

comprehensive sensitivity analysis of model specification is essential. (Initial 

sensitivity analyses are reported in Chapter 9, Section 4.)

The main developments here are found in the environmental component of the 

model. In Chapter 6, Section 5,1 show how a significant degree of added precision is 

gained in accounting terms from the use of Jersey-specific environmental 

coefficients, relative to what can be achieved using coefficients derived from UK 
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data. This will also be true in modelling applications. Thus, I would argue that the 

availability of the region-specific environmental database for Jersey allows more 

accurate computation of environmental impacts than would be possible in a model 

where national average emissions intensities are used to proxy for region-specific 

estimates. The Jersey-specific environmental database has also allowed a more 

sophisticated specification of economic-environmental relationships than would be 

possible if the model relied on adjusted-UK environmental data. As I explain in 

Chapter 6, Section 5, this is because the Jersey-specific database is more 

comprehensive in terms of the range of emissions sources included - the inclusion of 

direct emissions generation by tourists - and the inclusion of physical energy use 

broken down by fuel type and activity.

The next stage in this study is to use the model that I have constructed in this chapter 

to conduct simulations of the economic and environmental impacts of disturbances to 

the system. This is the focus of the Chapter 9, where I use the new JEMENVI model 

to assess the impact of four population policy scenarios currently being considered 

by the States of Jersey. My study then concludes in Chapter 10, with a summary of 

the work presented in this dissertation and recommendations for future development 

of the JEMENVI framework.
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Chapter 9. Illustrative Simulations in the JEMENVICGE 

Framework: The Economic and Environmental Impacts of 

Population Policy in Jersey

1. Introduction

In Chapter 8 of this dissertation I explain the construction of an economic- 

environmental CGE model for Jersey, referred to as JEMENVI. The model is 

calibrated to the 1998 economic-environmental database developed in Chapters 5 

and 6 (where the 1998 database is assumed to represent initial, long run equilibrium 

conditions in the Jersey economy). The CGE model for Jersey builds on the 

environmental IO model developed in Chapter 7 by incorporating both production 

and consumption behaviour (supply and demand), modelling both prices and 

quantities, and relaxing restrictions on technology to allow substitution among 

inputs/commodities.

The purpose of this chapter is to report on some initial simulation exercises using the 

JEMENVI model. In Chapter 1 I explain that the main objective of my thesis is the 

construction of a model with endogenous environmental variables in order to track 

and explain the movement of chosen environmental, or ‘sustainability’ indicators in 

response to policy changes and/or other disturbances to the economic system. To 

illustrate the fulfillment of this objective, here I report on a number of simulations 

that track and explain the impact on energy consumption and pollution indicators 

variables resulting from various projected disturbances to the Jersey economy.

In fact, the scenarios that I simulate here concentrate on policy options relating to the 

achievement of one of Jersey’s key sustainability objectives. In Chapter 2, Section 

3.2, I explain how Jersey’s aims regarding the sustainable development of the 

economy focus on several core issues. The growth and development of the economy 

and the economic welfare of Jersey residents is the central objective. However, for 

economic development to be perceived as ‘sustainable’, the stated policy consensus
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(see States of Jersey, 1995, 1998) is that this must be achieved under certain 

environmental and population constraints. Jersey’s environmental objectives relate to 

both local and international concerns. For example the States’ Environmental 

Charter, endorsed in 1996, includes a commitment to the principles agreed at the 

Earth Summit in Rio de Janeiro in 1992 regarding greenhouse gas emissions (States 

of Jersey, 1998). Local concerns relate specifically to issues like traffic-related 

energy-use and pollution generation, particularly with respect to air quality in the 

main urban area (St Helier) and constraints on the supply of natural resources, such 

as water.

However, the key sustainability concern identified by Jersey (see Chapter 2, Section 

3.2 and States of Jersey, 1998) relates to the number of people living and working on 

the island. The States of Jersey’s current population and immigration policy (adopted 

in November 1997) is aimed at limiting the size of the total permanent population in 

line with a pre-stated target of 85,000 by controlling in-migration to the island 

through employment and residency regulations. Jersey’s population concerns are 

related to the environmental ones noted above, because increased population is 

associated with increased environmental pressures. The direct pressure from local 

household consumption is particularly important here - as found in the 

environmental accounting study in Chapters 6 and 7, local households are directly 

responsible for the generation of most pollutants in Jersey.

On the other hand, there are currently very real concerns in Jersey, particularly in the 

business community, that restricting population will have a big impact on output 

(especially in the high value-added finance sectors) and may lead to the external 

perception that Jersey is ‘closed for business’. There is also a more secondary 

concern in terms of the fiscal implications of Jersey’s ageing population. Therefore 

one policy proposal is to encourage economic growth by allowing the working-age 

population to expand via in-migration, thereby reducing tightness in the labour 

market.
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However, as I note above, the problem that policymakers face is that, in addressing 

these concerns, the equally passionate views of local residents over the size of the 

population and its environmental impacts must be taken into account. That is to say, 

it is recognised that any economic benefits of relaxing constraints on in-migration 

(which is likely to lead to the aforementioned population target being violated) must 

be balanced against the environmental impacts of increased economic activity and 

population. In short, it would seem that policymakers in Jersey face certain trade-offs 

in pursuing their sustainability objectives.

Here I undertake some illustrative analysis to demonstrate how the JEMENVI model 

can be used to inform policymakers on the size and nature of these problems. Their 

importance is reflected in the fact that the simulations reported here actually 

constitute the first policy application of the JEMENVI system.

The simulation scenarios have been formulated in conjunction with staff at the States 

of Jersey in response to questions raised by the States’ Policy and Resources 

Committee, and focus on assessing the implications for economic development in 

Jersey under the constraint of limited population growth. I also consider 

environmental objectives through the introduction of a number of resource use and 

pollution indicators. However, I do not introduce any environmental constraints in 

the form of target values for indicator variables1.

2. Simulation Strategy

I conduct four separate population policy simulations using the economic- 

environmental model of the Jersey economy (JEMENVI). These comprise 

combinations of two different population change scenarios with two different 

assumptions about other economic conditions. The two population scenarios used 

are:
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1. Nil net migration.

2. Limited net in-migration (200 people of working age per annum) over the period 
2001-2011.

The UK Government’s Actuarial Department (UKAD) have quantified the 

demographic impacts of these two population change scenarios for Jersey. Broadly, 

in the nil net migration scenario there are changes to the population powered by 

natural demographic forces. In fact the population is increasing but ageing, so that 

the projected working population is falling. In the limited net in-migration scenario 

200 net in-migration per annum is permitted, with 200 additional people aged 25 or 

under adding to the working population under the same conditions of demographic 

change projected under the nil net migration hypothesis. I detail the changes in total 

and working population projected by the UKAD under the two scenarios in Tables 

9.1 and 9.2 (below).

In the four simulations I combine each of the two population scenarios in turn with 

two economic scenarios regarding demand conditions:

(a) No exogenous demand changes to the economy, apart from an adjustment to 

government expenditure to maintain a fixed level of government expenditure per 

head, as discussed in more detail below.

(b) An increase in export demand of 50% for the outputs of the seven ‘financial and 

other business services’ sectors (which, for simplicity I refer to as the ‘Finance’ 

sector) . That is to say, there is a 50% one-off permanent step increase that takes 

place in 2002 in total (UK and ROW) export demand to each of the following 

sectors (the 25 production sectors identified in JEMENVI are given in Appendix 

8A):

2

2 The composition of the ‘financial and other business services’ sector, and the hypothesis that this 
aggregate sector is the recipient of the demand shock in Simulations 3 and 4, were determined in 
conjunction with the States of Jersey (see Section 1). In some of the results reported here, I aggregate 
the 25 sectors modelled to seven sectors, detailed in Appendix 9 A, for the purpose of clarity in time 
series graphs.
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- Banks & Building Societies

- Insurance Companies

- Investment Trusts & Fund Managers

- Computer Services

Legal Activities

- Accountancy

- Other Business Activities

In the first two simulations I model each of the migration scenarios in turn with no 

exogenous change in other economic circumstances. The results of Simulation 1, 

with nil net migration, demonstrate the economic and environmental impact of the 

projected changes in the labour force. I compare these simulation results to the base­

year values. In Simulation 21 model the impact of imposing 200 net in-migration per 

annum to Jersey, isolating the additional impacts of this in-migration by using the 

Simulation 1 results as the base case. In the next two simulations I take each of these 

population scenarios and apply a 50% export demand shock to the financial and other 

business services sector (a permanent 50% step increase in export demand to each of 

the sectors identified above that occurs in 2002). That is to say, in Simulations 3 and 

4 I take the same population scenarios as I have done in simulations 1 and 2 

respectively and add an export demand shock. Again, the results for Simulation 3 are 

compared to the base year values, and in Simulation 4 I report the additional impacts 

of in-migration by using the Simulation 3 results as the base case. I summarise the 

composition of each of the simulations in terms of the alternative economic and 

migration scenarios modelled in the table below:

Nil net migration 200 p.a. net in-migration
No Finance demand shock Simulation 1 

(vs base)
Simulation 2 

(vs Sim 1)
Finance demand shock Simulation 3 

(vs base)
Simulation 4 

(vs Sim 3)
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Table 9.1 Jersey Projected Population Changes For The Period 2001-2011 - Nil Net Migration Hypothesis

Year 
Population

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Total population 87819 88029 88204 88357 88486 88592 88679 88750 88809 88859 88892
% change from 2001 base 0 0.24 0.44 0.61 0.76 0.88 0.98 1.06 1.13 1.18 1.22

Working age population (UKAD) 57576 57576 57562 57517 57478 57507 57475 57398 57362 57243 57151
% change from 2001 base (UKAD) 0 0.00 -0.02 -0.10 -0.17 -0.12 -0.18 -0.31 -0.37 -0.58 -0.74

Working age population (JEMENVI) 57583 57540 57498 57455 57413 57370 57328 57285 57243 57200 57158
% change from 2001 base (JEMENVI) 0 -0.07 -0.15 -0.22 -0.30 -0.37 -0.44 -0.52 -0.59 -0.66 -0.74

Table 9.2 Jersey Projected Population Changes For The Period 2001-2011 - Limited Net In-Migration (200 Per Annum) Hypothesis

Year 
Population

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Total population 88022 88438 88824 89191 89538 89867 90187 90498 90804 91110 91408
% change from 2001 base 0 0.47 0.91 1.33 1.72 2.10 2.46 2.81 3.16 3.51 3.85

Working age population (UKAD) 57771 57971 58157 58312 58473 58701 58869 58991 59154 59234 59341
Net in-migration per annum (UKAD) 195 200 200 200 200 199 200 199 199 199 199
% change from 2001 base (UKAD) 0 0.35 0.67 0.94 1.21 1.61 1.90 2.11 2.39 2.53 2.72

Working age population (JEMENVI) 57782 57939 58096 58253 58410 58567 58724 58881 59038 59195 59354
net in-migration per annum (JEMENVI) 200 200 200 200 200 200 200 200 200 200 201
% change from 2001 base (JEMENVI) 0 0.27 0.54 0.82 1.09 1.36 1.63 1.90 2.17 2.45 2.72



As noted above, in all cases I make one further adjustment. In Section 1 above, I 

explain how one area of concern associated with population growth in Jersey is the 

impact on public sector spending. In the simulations conducted here I do not focus on 

any hypothesis regarding changes in government expenditure or funding. However, I 

take the status quo situation to be a constant level of government expenditure per 

head. Therefore, in each simulation, I exogenously adjust the level of total 

government expenditure in each period in proportion to the change in total 

population. On the revenue side, I assume that the tax structure and tax rates remain 

constant.

In reporting the results I assume the initial (base) period to be 2001 (based on the 

initial conditions represented by the 1998 database - no attempt is made to adjust for 

the 3-year period between 1998-2001). The proportional projected population and 

demand changes over the 11-year period 2001-2011 are applied to the actual base 

year data, which represent 1998 (see Chapter 5). The base-year period, 2001, is the 

period where the first population (demographic and/or migration) changes occur but 

the economic impact does not begin until 2002; thereafter population changes occur 

in every period up to and including 2011.

I assume that everything - apart from the population changes, the associated changes 

in government expenditure, and the ‘financial and other business services’ sector 

demand shocks, where relevant - remains constant. Specifically, I do not impose any 

other external demand shocks or supply-side disturbances, such as technical progress 

or productivity growth. This allows me to study the impact of the various population 

scenarios in isolation. Of course, it is important to note that the results are not 

forecasts of what will actually happen. It would be unrealistic to assume that there 

will be no other change in the economy over the projected time period. Rather, the 

simulations that I conduct here are designed to isolate population influences on the 

Jersey economy.

It is also important to note that the results I report here are limited to the time period 

agreed with the States of Jersey (2001 to 2011 inclusive). However, since population 

404



changes occur in every period, there will be further adjustments beyond 2011 in 

response to all the scenarios being simulated before the economy returns to long-run 

equilibrium. While I do not do it here, the JEMENVI framework can be used to 

compute long-run results (with period-by-period results describing the adjustment 
process) - see Chapter 8.

For the four simulations reported in Section 3, I adopt the model configuration 

(specification and parameter values) as described for the default case in Chapter 8 

(Section 3.1). There I explain that the default settings for the following key 

parameter values have been determined through consultation with the States of 

Jersey and the States’ economic consultants following a review of parameter values 

used in models of comparable economies:

• Speed of adjustment, actual to desired capital stock: 0.3

• Elasticities of substitution in production of (all activities)

Value added (capital and labour): 0.8 (CES)

- Intermediates composite: 0 (Leontief)

Gross output (value added and intermediates composite): 0 (Leontief)

• Armington trade elasticities: imports 2.0, exports 5.0 (all activities, including 

final consumption)

The labour market closure I choose for Jersey in the simulations reported here is the 

exogenous (fixed) labour supply option. That is to say, I assume that Jersey is 

characterised by a constant (but very small) unemployment rate, meaning that there 

is a fixed proportional relationship between employment and working population. 

While the simulations focus on the impact of different migration scenarios, the 

model’s migration function is not activated - in these simulations the population and 

labour force are determined exogenously (and independently) using the projections 

quantified by the UK Actuarial Department. For all other markets I assume the 

default closure - all goods markets are competitive and that there is no binding 

constraint on the balance of payments or government budget.
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In Section 4, following the reporting of results, I go on to explain that the next stage 

in the modelling process should be sensitivity analyses of the model specification 

adopted here. This stage in the process is particularly important given the absence of 

econometrically estimated parameter values for Jersey. Ideally, this analysis should 

focus on areas identified through interaction between modellers and policymakers 

following the initial presentation of results. In the first instance, within the confines 

of this dissertation (and in anticipation of feedback and interaction with policymakers 

in Jersey), I report limited sensitivity analyses in Section 4, where I focus on varying 

two of the key parameter values listed above. These are the Armington trade 

elasticities, which determine the sensitivity of export demand to changes in local 

output prices, and the elasticity of substitution between capital and labour in the CES 

production functions determining the composition of the primary input aggregate 

(value-added) in each sector. My motivation for focussing on these parameters is that 

I find the key factor determining the environmental impacts of the each of the 

scenarios simulated here to be the effect on the level of real household income and 

expenditure. Since the main force driving changes in household income and 

expenditure is changes in labour demand it seems appropriate to begin the sensitivity 

analysis of the results presented here by focussing on the key parameters determining 

the wage elasticity of the general equilibrium demand for labour. This governs the 

response of labour income, and therefore household expenditure, to changes in the 

labour demand.

3. Simulation Results

3.1 Simulation 1: Nil Net Migration

In this simulation I examine the economic and environmental impacts in the Jersey 

economy of imposing the nil net migration scenario during the period 2001-2011. 

Under this scenario the UK Government Actuary’s Department (UKAD) estimates a 

natural population growth of 1073 people between 2001 and 2011. However, a 

rapidly increasing retired population results in a fall in working population of 425 

people during the same period. Therefore, the important aspect of this simulation is 
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that while the total population is rising Jersey has a falling number of people 

available for work. I detail these demographic changes in Figure 9.1.1, where I show 

the total and working population projections for Jersey in terms of percentage 

changes from the base year, 2001. Note that the model can accommodate projected 

changes in total population period-by-period, but has to approximate working 

population changes with a linear trend, which I show in Figure 9.1.1 (below) as the 
JEM3 line. (I detail the actual population changes under the nil net migration 

hypothesis in Table 9.1.)

3 JEM is a shortened version of the acronym JEMENVI, representing ‘Jersey Economic Model’ 

Figure 9.1 General Equilibrium Labour Supply And Demand Under The Nil
Net Migration Scenario

Before discussing the actual simulation results, it is useful to provide a simplified 

theoretical account of the basic labour market impact of the population changes 

implied by the nil net migration scenario using the general equilibrium labour 

demand and supply curves in Figure 9.1. Note that the analysis in Figure 9.1 
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corresponds to the new long-run equilibrium resulting from Simulation 1 (2001) — 

i.e. once all the population changes have occurred and the wage has fully adjusted. It 

is also important to note that the labour supply and demand curves in Figure 9.1 are 

the general equilibrium labour supply and demand curves, which take full account of 

all the effects of wage changes (including income effects) resulting from the 
hypothesised disturbance(s).

As I explain in Section 2, under the labour market closure I adopt in all the 

simulations reported here a constant unemployment rate is maintained. This means 

that there is a fixed proportional relationship between employment and the working 

population. This is represented by a vertical aggregate labour supply curve in Figure 

9.1. The economy is initially in equilibrium where labour supply, curve LS, equals 

labour demand, LD, at wage level W and employment N. Under the nil net migration 

scenario working population falls. This is illustrated by an inward shift of the labour 

supply curve, from LS to LS1. However, total population increases. This means that 

there will also be an upward shift in the general equilibrium labour demand curve, 

from LD to LD1, reflecting the fact that public sector activity must increase to 

maintain a fixed level of government expenditure per head of population. Thus the 

main direct impact of the population changes implied by the nil net migration 
scenario is a lower labour supply, with employment N1, and a higher general wage 

level, W1.

3.1.1 Economic Impacts

Figure 9.1.2 illustrates the impact of the demographic changes implied by the nil net 

migration scenario on Jersey GDP, GDP per head and total employment. Under the 

assumption of a unified labour market characterised by a fixed labour supply, total 

employment falls in line with the reduction in the labour supply (working 

population). In Figure 9.1.2, GDP falls by 0.46% by 2011, implying that the 

economy has been negatively affected by nil net migration - i.e. the reduction in 

factor availability reduces the productive capacity of the economy.
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Fig 9.1.1 Jersey Projected Total And Working Population Changes For The 
Period 2001-2011 - Nil Net Migration Case
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Fig 9.1.2 Impact Of Nil Net Migration On GDP, GDP Per Head And Total 
Employment In Jersey, 2001-2011



It is worth noting that the reduction in total employment is of a relatively small 

magnitude. The fall is caused by the reduction in the supply of labour as an input to 

production, but note that the fall in GDP is less than the fall in employment (-0.76% 

by 2011). This is partly because there is some stimulus to demand as government 

spending increases in line with population growth. Moreover, capital stocks do not 

fall by as much as employment for two reasons. Firstly, the increase in real wages 

causes firms to substitute capital for labour. Secondly, the downward adjustment of 

capital is subject to frictions due to capital fixity (i.e. in the short to medium-run it is 

easier for firms to reduce employment than capital).

These two factors combine to ensure GDP does not fall by as much as employment 

and, therefore, GDP per employee actually rises. However, because of the increasing 

population, GDP per head falls, and does so even more rapidly than GDP, although 

again by a relatively small amount: by the end of 2011 (year 10 of the simulation) 

GDP per head is 1.68% lower than the 2001 (base year) level. (Moreover, this 

implies that for each year the average decrease in GDP per capita is only 0.168%. In 

fact, the largest annual change occurs in the first year, with a fall of 0.264% in 2002; 

every year thereafter the magnitude of the fall in GDP per capita declines, with only 

a 0.01% drop between 2010 and 2011.)

The effects of this increased tightening of the labour market can be seen in Figure 

9.1.3. Both the nominal and real-consumption wages increase and there is a rise in 

the Consumer Price Index (CPI). However, the scale of these increases is small - all 

change by less than 0.6% by 2011. Two points are important concerning the CPI. 

First, the CPI results only demonstrate step changes in Jersey prices and do not chart 

an inflationary process (just as the increases in the production of sectoral outputs do 

not represent a growth process). Second, the impact on the CPI is small, due to the 

fact that only local prices, not import prices, are rising (I assume that all external 

prices remain constant).
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Fig 9.1.3 Impact Of Nil Net Migration On The CPI And On Before-Tax Real 
And Nominal Wages In Jersey, 2001-2011
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Fig 9.1.4 Impact Of Nil Net Migration On Competitiveness (Local Output 
Prices) In Jersey, 2001-2011



Fig 9.1.5 Impact By 2011 of Nil Net Migration On Sectoral Employment And Output In Jersey
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In Figure 9.1.4 I report how these local input price increases alter competitiveness 

across sectors in the Jersey economy in terms of changes in the prices of locally 

produced goods as against the prices of goods produced elsewhere. For illustrative 

purposes, I aggregate the 25-sector results to the 7-sector breakdown detailed in 

Appendix 9A. In Figure 9.1.4 I interpret “competitiveness” as the price of Jersey 

goods relative to those traded on the international market. As the graph shows, the 

increases in wage and the CPI negatively affects Jersey competitiveness causing 

output prices in all sectors to rise. Most sectors exhibit a gradual increase in output 

prices as the reduction in labour supply and higher wage effects begin to impact, but 

one or two are notably different. Construction, for example, has a sharp increase in 

price in the short-run, which then levels off - this is caused by the initial increase in 

population and government spending which lead to an increase in investment 

demand.

The government sector shows the biggest increase in output price. There are three 

underlying reasons for this. Firstly, it is relatively labour intensive. However, it is 

also sheltered, which allows the price of output to rise. Finally there is a 

simultaneous increase in the demand for government sector output as population 

increases.

In Figure 9.1.5 I report the impact by 20114 of the increasing population and falling 

labour supply on output and employment across the 25 sectors identified in the 

JEMENVI model. Despite the fall in competitiveness, output and employment 

actually rise in each of the four government sectors. This is because, with the 

exception of ‘Education’, these sectors are sheltered from external competition, i.e. 

they only serve local demand and do not export their output. Consequently, the 

government sectors are less affected by the rise in the relative prices than other 

sectors of the economy. Further, these sectors experience a direct demand boost 

through the increase in government expenditure that is required to maintain spending 

per head constant. However all the other sectors exhibit negative output and 

employment effects, with the extent of the effect determined by two factors.
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First, labour intensive sectors are hit hardest by the increased cost of labour. 

Secondly, sectors that are more open to international trade feel the negative 

competitiveness effects more strongly. Agriculture and Fishing suffers the most due 

to a combination of these two factors: it is very labour intensive and experiences the 

largest competitiveness effect of the private sectors. Hotels, Restaurants and Catering 

is hit relatively hard for the same reasons. On the other hand, Banks and Building 

Societies suffers the least, partly because it is the least labour intensive sector in the 

economy and partly because it uses relatively few locally produced inputs, and 

therefore experiences the lowest competitiveness effect. Employment falls by a 

greater proportion than output in almost every sector because as the price of labour 

rises, firms attempt to substitute capital for labour. Also, it takes more time to 

optimally adjust the capital stock.

In Figure 9.1.6 (below) I illustrate the impact of the nil net migration scenario on 
GDP and GNP.5 The model does not, at present, routinely report GNP so I must 

produce results for this variable “off-line” using the information generated in the 

simulations together with the base-period data that I use to construct the Jersey 

Social Accounting Matrix (SAM) in Chapter 5.6 Any large differences between GNP 

and GDP primarily reflect large changes in sectors with high levels of foreign 

ownership. For example, if a sector such as Banks and Building Societies were to 

suffer significant negative effects we would expect to see a more severe impact on 

GDP rather than GNP. This is because Jersey’s Banks and Building Societies sector 

has a high level of foreign ownership and therefore contributes less to GNP than to 

GDP. In this case there is only a small difference between GDP and GNP, because 

the reduction in output is spread relatively evenly across those private sectors where 

4 Recall that 2011 is not the “long-run” solution, in that the capital stock in individual industries is not 
optimally adjusted at this point.
5 GDP is the market value of all final goods and services produced within an economy in a given 
period. GNP is the total income earned by a nation's permanent residents (nationals) during the same 
period, and differs from GDP by including income that nationals earn abroad and excluding income 
that foreigners earn domestically.
6 If the structure of the economy changes then the SAM alone does not contain enough information to 
calculate GNP: the database underlying the SAM must also be used to calculate the share of value 
added flowing out of each sector.
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there is a high level of local ownership. The good performance of the public sector is 

likely to be the explanation underlying the slightly higher GNP figure.

In Figures 9.1.7 and 9.1.8 I show the year-on-year impacts on employment and 

output respectively amongst the seven aggregate sectors identified in Appendix 9A. 

These results confirm that only the public sector gains in the nil net migration 

scenario, while among the private sectors Construction suffers the least, partly 

because of the surge in demand in the early periods, its relatively low labour­

intensity and negative-competitiveness effects. However, the seven-sector results 

mask the fact that, from 2006, the Banks & Building Societies sector actually 

becomes the one that suffers least. The performance of the aggregate Finance sector 

is pulled down by sectors like Other Business Activities and Other Service Activities 

which are fairly labour intensive and use more local produced inputs, and therefore 

suffer larger negative competitiveness effects. (The performance of the utility sectors 

is similarly masked by their inclusion in the aggregate Services sector.) Agriculture 

and Fishing is the sector shown to suffer most under the nil migration scenario in the 

25-sector results shown in Figure 9.1.5. This is also the case in the 7-sector results 

because in more aggregate sectoral breakdown I also identify Agriculture & Fishing 

(‘AgrieFish’ in Appendix 9A) as an individual sector.

I summarise the economic impacts of the nil net migration scenario by 2011 in 

Tables 9.1.1 and 9.1.2. Both tables isolate the impact of nil migration and its 

associated demographic changes. In Table 9.1.1 I present the changes in aggregate 

variables. These results show that the Jersey economy suffers under the nil net 

migration scenario in terms of reduced aggregate activity, though not to a great 

extent. GDP, GDP per head and total employment all fall, while the CPI and real 

wages rise. This is due entirely to the decrease in working population, although this 

effect is limited by the increase in government spending. I should emphasise that the 

magnitude of these results is in fact relatively small. For example GDP only falls by 

0.46% by 2011.

415



Fig 9.1.6 Impact Of Nil Net Migration On GDP And GNP In Jersey, 2001-2011
%

 c
ha

ng
e 

fro
m

 b
as

e 
ye

ar
 (2

00
1)

 le
ve

l



Fig 9.1.8 impact Of Nil Net Migration On Sectoral Output In Jersey, 2001- 
2011



Summary of Results: Simulation 1 - Nil Net Migration Case

Table 9.1.1 - Impact By 2011 Of Nil Net Migration On Aggregate Economic Variables In Jersey

GDP
GDP per head
Real Wage
Real HH Income & Expend.
Total Employment
CPI

% Change 
-0.46 
■1.68 
0.423 
-0.327 
-0.758 
0.127

Table 9.1.2 - Impact By 2011 Of Nil Net Migration On Sectoral Employment, Output And Price 
of Output In Jersey

% Change Absolute Change
Employment Output Price of Output Employment

AgrieFish -1.534 -1.390 0.326 -31
Construction -0.781 -0.516 0.193 -37
Manufactures -1.123 -1.034 0.267 -24
Services -0.923 -0.668 0.201 -112
Tourism -1.081 -0.795 0.177 -65
Finance -0.929 -0.621 0.154 -122
GovSec 0.495 0.590 0.385 34



In Table 9.1.2 I summarise the sectorally disaggregated proportionate effects on 

employment, output and price of output for the 7-sector breakdown of the economy. 

Again, although the effects are almost uniformly negative in terms of activity and 

competitiveness (the only exception is the public sector), they are of a relatively 

small magnitude. I include the absolute change in employment in Table 9.1.2 

because percentage changes may be misleading when sectors are of vastly different 

sizes. For example, the aggregate Finance sector experiences one of the smallest 

drops in employment in percentage terms, but the largest drop in absolute terms. 

This is because Finance, as defined in these simulations (see Appendix 9A), directly 

accounts for roughly 28% of total employment in Jersey.

3.1.2 . Environmental Impacts

In Figure 9.1.9 I report the impact of the demographic and associated economic 

changes implied by the nil net migration hypothesis on physical energy consumption 

and water use in production and consumption activities in Jersey. In line with the 

decrease in aggregate economic activity, energy consumption generally falls, as does 

demand for water. Only one type of energy consumption, gas, shows any increase 

over the time period in question. This is explained by the expansion in activity in the 

government sectors, which are the heaviest gas users in the economy (in 1998, these 

four sectors combined accounted for 58.5% of total gas use). Public sector activities 

are also among the most gas-intensive, in terms of physical units used per £lmillion 

of production, in Jersey. Public Services and Health, Social Work and Housing 

respectively rank as the first and second most gas intensive sectors in the economy, 

and Education and Public Administration and Defence as the fifth and sixth, after 

Recreation, Culture & Sport and Hotels, Restaurants & Catering. However, the rise 

in gas use in the government sectors is increasingly offset by the decline in activity in 

other gas consuming sectors and in the household sector. This is reflected in Figure 

9.1.9, which shows that the increase in gas consumption (over the base year level) 

peaks in 2005 and becomes negative by 2011.
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Figure 9.1.10 Impact Of Nii Net Migration On Emissions Of 8 Individual And 
1 Composite Pollution Indicators In Jersey, 2001-2011



The demographic changes cause a fall in the consumption of all other types of energy 

consumption throughout the period of study in line with the general decline in 

activity. The largest negative impact is observed in the case of low sulphur kerosene 

(kerosene LSK). This fuel is exclusively used in Jersey by the Agriculture & Fishing 

sector (for CO2 enrichment in greenhouses), and therefore shows a year-on-year 

decrease in use that is proportionate with the fall in Agriculture & Fishing output 
levels observed in Figure 9.1.8.

Note from Figure 9.1.9 that total consumption of electricity and heavy fuel oil fall by 

the same amount and at the same rate: this is because heavy fuel oil is exclusively 

used in Jersey for generating electricity on the Island. However the fact that I assume 

that technology is fixed throughout the period under study is crucially important in 

the case of electricity generation and consumption. Jersey imports part of its 

electricity supply from a nuclear power station located in France. If there were an 

increase in the share of electricity imported from this source, the use of heavy fuel oil 

(and gas oil) in the production of electricity would decline relative to total electricity 

use.

The consumption of two other energy types in Jersey is almost entirely exclusive to 

one area of activity: households account for 99% of coal use on the Island and are the 

only consumers of kerosene in heating oil form (kerosene SGK). Therefore, again the 

decline in consumption of these two fuel types is proportionate to the fall in real 

household income and expenditure observed in each year of the simulation (falling 

by 0.33% by 2011).

For all other fuel types, the composition of the change in activity driving the fall in 

energy consumption is more complex. In the case of light fuel oil, use is limited to 

the Agriculture & Fishing, Manufacturing and Other Service Activities sectors, with 

the decline in activity in the Agriculture & Fishing sector, as the heaviest user, 

dominating the effect shown in Figure 9.1.9. Eighteen of the 25 sectors use gas oil as 

an input to production so the decline in consumption of this fuel is a result of 

changes in activity in all these sectors. However, again, production in the Agriculture
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& Fishing sector is significantly more gas oil intensive than in any other sector and, 

as we have already seen, this is the sector that shows the largest decline in output. 

Therefore a significant share of the impact on gas oil consumption is driven by the 

change in Agriculture & Fishing activity. Similarly all sectors use water and 

electricity, so the composition of the impacts on water and electricity use of the nil 

net migration scenario are complex and the total impact will be driven by changes in 

activity across the whole economy. However, again it is possible to identify sectors 

which experience more significant output effects, such as Public Services, 

Agriculture & Fishing and Manufacturing, where production is also relatively 

intensive in the use of electricity and water as inputs to production.

Every sector in the economy engages to some extent in transport activities and 

therefore uses automotive fuel as an input to production. However the activity that 

has the highest automotive fuel use intensity in the Jersey economy is household 

final consumption. Households are also the main users of automotive fuels on the 

Island (in 1998 70.5% of total automotive fuel was supplied directly to household 

final consumption). Therefore the bulk of the effect on automotive fuel use can be 

directly related to the decline in real household income and expenditure.

As well as physical energy consumption, in the JEMENVI model I identify the 

generation of 8 individual air pollutants and one composite pollutant, an Index of 

Global Warming Potential (GWP)7. I explain the construction of base year (1998) 

environmental accounts describing direct pollution generation in Jersey by the 25 

production sectors and seven final demand groups from different sources in Chapter 

6 of this dissertation. Drawing on an earlier study of sources of pollution generation 

in Jersey (see Coley, 1994), in Chapter 6 I identify emissions factors for different 

types of polluting activities that take place in Jersey. Firstly, there are fuel 

combustion factors, which state the physical amount of each individual pollutant that 

will be generated when one physical unit of each fuel type is combusted using a 

specific type of technology. Secondly, there are non-fuel combustion emissions 

factors for a range of activities in Jersey that generate pollution independently of fuel 

7 The GWP Index is introduced and defined in Chapter 6, Section 3.4.
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use. These activities include waste incineration, emissions of non-methane volatile 

organic compounds (NMVOCs) from solvent use, or biological emissions of 

methane (CH4) from livestock and human beings. As a result, in the base year (1998) 

environmental accounts for Jersey that I use to construct the JEMENVI model, 

pollution generation is broken down by source in terms of:

1. Who pollutes - i.e. pollution generation by each production and final demand 
sector.

2. How pollution is generated - i.e. different types of fuel combustion and non-fuel 

combustion polluting activities that take place within each sector.

One of the key findings of the 1998 environmental accounting study that I carry out 

in Chapter 6 of this dissertation is that most pollution generated in Jersey is a result 

of fuel combustion. (This result is consistent with the findings of the earlier study of 

pollution generation in Jersey reported in Coley (1994).) Therefore, as energy use 

declines in the nil migration scenario, so do emissions of all the pollutants identified 

in Figure 9.1.10. (Gas use has relatively low pollution intensity, with the implication 

the positive emissions effects from the increase in gas consumption observed in 

Figure 9.1.9 are negated by the decline in other polluting activities).

However, in Chapter 6 I explain that non-fuel sources of pollution generation are 

also important in Jersey. For example, the waste incineration carried out by the 

Public Services sector is highly intensive in the production of NMVOCs relative to 

any other activity in the economy. This activity also has the second highest carbon 

monoxide (CO) intensity (after the Sea & Air Transport and Transport Support, 

SATTS, sector). I report above that activity in all four of the government sectors, 

including Public Services, increases in response to the demographic changes implied 

by the nil migration hypothesis. Therefore emissions from waste incineration also 

increase. The decline in all other activities is enough to negate the positive pollution 

effects of increase activity in the Public Services sector. However, note that 

emissions of the two pollutants that production in the Public Services sector is most 
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intensive in, NMVOC and CO, show the smallest level of decline throughout the 
period of study - see Figure 9.1.10.

Another non-fuel source of emissions is methane (CH4) emissions from the livestock 

used in the Agriculture & Fishing sector. Indeed, this was the main source of 

methane emissions in Jersey in 1998, accounting for 82.7% of total methane 

generation. Figure 9.1.8 shows that Agriculture & Fishing suffers the largest negative 

output effect under the nil migration scenario; this dominates the impact on methane 

emissions throughout the period, which is the largest negative pollution effect. I find 

that the second largest negative pollution effect occurs in the case of sulphur dioxide 

(SO2). This is also largely explained by the reduction in Agriculture & Fishing 

activity. As I note above, the heaviest user of light fuel oil (LFO) in Jersey, and the 

most LFO-intensive sector is the Agriculture & Fishing sector (which accounted for 

just under 80% of total LFO used in 1998). LFO has an extremely high SO2-intensity 

relative to other fuels. Therefore the decline in Agriculture & Fishing activity causes 

a relatively large impact on SO2 emissions, as I report in Figure 9.1.10.

I summarise the environmental impacts of simulating the nil net migration scenario 

by 2011 in Tables 9.1.3 and 9.1.4, where I isolate the energy use and pollution 

effects of nil migration and its associated demographic changes. In Table 9.1.3 I 

present the changes in mainly traffic-related variables. I find that total automotive 

fuel use declines, though not to a great extent. More significant is the composition of 

the change in (land) traffic-related energy use. Automotive fuel use in the aggregate 

Government sector increases by 0.48%. However the absolute amount of fuel 

involved is small relative to the decline in automotive fuel use in other parts of the 

economy. Total automotive fuel use in all other production sectors declines by 

0.76%. This is a larger percentage change than is observed in the household sector, 

where there is a fall of 0.33%. However, given that the majority of automotive fuel 

use in Jersey is concentrated in the household sector (70.5% in 1998), this equates to 

a significantly bigger drop in the absolute amount of fuel consumed (just over 96 

tonnes, which is 44.2% of the total decline).
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Environmental Impact By 2011 Of Nil Migration

Table 9.1.3 Impact By 2011 Of Nil Net Migration On Traffic-Related Energy Consumption 
And Emissions Generation In Jersey

Absolute Change (kg) % Change from base

Total automotive fuel (petrol/derv) use -217120 -0.52
Government sector 674 0.48

Other production -71135 -0.76
Households -96061 -0.33

Tourists -50598 -1.77

Emissions of:

Non-methane volatile organic compounds (NMVOC) -5912 -0.24
Carbon monoxide (CO) -40696 -0.30
Nitrogen dioxide (N20) -11 -0.55

Carbon dioxide (CO2) -1325723 -0.45
Nitrous oxides (NOX) -11908 -0.53

Table 9.1.4 Impact By 2011 On All Other Environmental Indicators In Jersey

Absolute Change (kg) % Change from base

Total energy use
Kerosene SGK -95780 -0.33
Kerosene LSK -15694 -1.39

Gas Oil -199737 -0.80
Light Fuel Oil -106013 -1.30

Heavy Fuel Oil -426057 -0.63
Coal -18091 -0.33

Gas (Mains & Bottled Propane/Butane) -1866 -0.01

Emissions
Methane (CH4) -11743 -1.22

Sulphur dioxide (SO2) -8645 -0.84
Black smoke -478 -0.65

Value of Global Warming Potential (GWP) Index for Jersey -1575637 -0.50



The other major contributor to the decline in total automotive fuel use is tourists, 

whose only direct energy use during their stay in Jersey is combustion of automotive 

fuels in private or hire vehicles. This reduction reflects the negative competitiveness 

effects discussed above and illustrated in Figure 9.1.4, where the Gas, Oil & Fuel 

Distribution sector is shown as part of the aggregate Services sector. The negative 

competitiveness effects mean that in general Jersey becomes a relatively more 

expensive destination for tourists because the price of output produced in the Jersey 

sectors that tourists directly or indirectly consume has risen. The reduction in 

automotive fuel use reflects part of the general negative competitiveness effect that 

impacts on tourist demand: the general increase in the price of output in the Gas, Oil 

& Fuel Distribution sector causes the cost of recreational use of vehicles in Jersey to 

rise.

Emissions of three pollutants, NMVOC, CO and nitrogen dioxide (N2O) are highly 

correlated with automotive fuel use in Jersey: traffic-related emissions of NMVOC, 

CO and N2O account for respectively 81.6%, 87.5% and 100% of total emissions of 

these three pollutants in the base year environmental accounts8. Emissions of all 

three show a decline by 2011. However the smaller magnitude of the drop in 

NMVOC and CO emissions relative to what I find in the case of automotive fuel use 

and N2O generation reflects the influence of other sources of these two pollutants (in 

particular the increased waste incineration discussed above).

8 In Chapter 6 (Section 5) I explain that another source of N2O emissions in Jersey would be expected 
to be fertiliser use in the Agriculture & Fishing sector. However neither Coley (1994) or the present

Emissions of two other pollutants are significantly, but not so highly correlated with 

automotive fuel use: CO2 and nitrous oxides (NOx). In Table 9.1.3 I report 

proportionate declines in emissions of both these pollutants by 2011, which are of 

around the same magnitude as what I find for automotive fuels. However, it is 

important to recognise that more than half the total emissions of CO2 and NOX in 

1998 came from sources other than automotive fuel use, mainly other types of fuel 

use, including electricity generation and aircraft movements. Therefore the CO2 and 

NOX effects shown in Figure 9.1.10 and Table 9.1.3 are driven by a number of 
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factors, including significant positive effects from the increase in Public Services 
(waste incineration) activity.

In Table 9.1.4 I report the impacts by 2011 on all other types of fuel distributed by 

the Gas, Oil and Fuel Distribution sectors and emissions of the three remaining 

pollutants — methane (CH4), sulphur dioxide (SO2), and black smoke. Of these, only 

methane is traffic-related. However changes in automotive fuel use only account for 

a very small part of the total methane effect — as I explain above, the decline in 

methane emissions is mainly driven by the decline in activity in the Agriculture & 

Fishing sector. In Table 9.1.41 also report the impact on the GWP index, the value of 

which falls in response to the general decline in activity, though, again, there is 

upward pressure from the increase in CO2 generation in the Public Services sector.

Generally, then, I conclude that while the implications of the nil net migration 

scenario are negative in so much as the economy suffers through reduced levels of 

activity, there are also positive implications in terms of the environmental benefits of 

reduced energy use and pollution generation. However, it is important to note that all 

of the economic or environmental effects implied by the nil net migration (status 

quo) scenario are of relatively small magnitude.

3 .2 Simulation 2: Additional Impact Of 200 Net In-Migration Per Annum

In this simulation I identify the additional economic and environmental impacts of 

allowing 200 in-migration per annum. The population projections (detailed in Figure 

9.2.1, below, and Table 9.2) show that under this scenario the total population of 

Jersey grows ahead of the nil net migration scenario by an additional 2,313 people. 

Working population also increases, by an additional 1,995. The results that I present 

in this section are all additional to the nil net migration scenario results reported in 

Section 3.1, which is taken as the base case. Therefore, as everything else is held 

constant, the results isolate the economic and environmental impacts on Jersey of an

(199 8) study has been successful in identifying appropriate emissions factors or physical fertiliser use 
data.
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increased population and, crucially in this case, an increased labour supply (solely 

from the additional 200 net in-migration per annum).

In Figure 9.2.1 I graph the additional percentage changes in total and working 

population under the 200 in-migration scenario relative to the nil net migration 

scenario. Again, it is necessary to adjust the UK Actuarial Department population 

projections to get a linear trend for inputting to the model. However, in this case, the 

UKAD and JEM working population lines are so close that it is difficult to 

differentiate between them on the graph - see the actual changes in Table 9.2.

Again, I can illustrate the basic impact of relaxing the labour supply constraint in this 

way using the general equilibrium labour supply and demand framework.

Figure 9»2 General Equilibrium Labour Supply And Demand Under The 200

Net In-Migration Per Annum Scenario

The increase in the labour supply implied by the increase in working population 

under the 200 net in-migration per annum scenario is reflected in the outward shift of 
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the general equilibrium labour supply curve, from LS1 to LS2. Labour demand will 

also increase, LD to LD , in as much as public sector activity must increase to 

maintain fixed government expenditure per capita as total population increases 

(additional to what is observed in the nil net migration case). However the net 

additional impact of relaxing the labour supply constraint in this way is to lower the 

real wage level in the economy, W1 to W2, as the total labour supply and 
employment rise from N1 to N2.

I report the effects on the cost of labour in Figure 9.2.3. The introduction of new 

workers provides some slack in the market and, as a result, nominal wages, real 

wages and the CPI all fall (in fact by an amount that exceeds the increases from nil 

net migration). Again, however, I would point out that all the effects observed so far 

are relatively small: in-migration adds only 2.041% to GDP by the year 2011, while 

real wages fall by only 1.461% over the same time period.

3.2»! Economic Impacts

In Figure 9.2.2 I report the additional impact of 200 net in-migration per annum on 

GDP, GDP per head and total employment. I should stress the fact that these results 

are additional to the nil net migration scenario. For example, Figure 9.2.2 shows an 

increase in total employment of 3.58% by 2011, which is additional to the 0.758% 

fall reported in Figure 9.1.2. Therefore, the total effect of allowing 200 migration is 

to generate an expansion in employment which, by 2011, equals an increase of 

2.822% [ = 3.58% + (-0.758%)] on the base-period figure. It is clear, therefore, that 

the introduction of migrants to Jersey allows the economy to expand and has positive 

impacts in terms of employment and GDP, which more than outweigh the negative 

effects identified when migration is suppressed. However, allowing in-migration 

means GDP per head falls further than under nil net migration because the increase 

in GDP is not enough to make up for the larger increase in population.
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Fig 9.2.1 Additional Projected Total And Working Population Changes For 
The Period 2001-2011 - With 200 Net In-Migration Per Annum
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Fig 9.2.2 Additional Impact Of 200 Net In-Migration Per Annum On GDP, 
GDP Per Head And Total Employment In Jersey, 2001-2011



Fig 9.2.3 Additional Impact Of 200 Net In-Migration Per Annum On The CPI 
And On Before-Tax Real And Nominal Wages In Jersey, 2001-2011
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Fig 9.2.4 Additional Impact Of 200 Net In-Migration Per Annum On 
Competitiveness (Local Output Prices) In Jersey, 2001-2011



Fig 9.2.5 Additional Impact By 2011 Of 200 Net In-Migration Per Annum On Sectoral Employment And Output 
In Jersey



Fig 9.2.6 Additional Impact Of 200 Net Migration Per Annum On GDP And GNP in Jersey, 2001-2011
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Fig 9.2.7 Additional Impact Of 200 Net Migration Per Annum On Sectoral
Employment In Jersey, 2001-2011
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Fig 9.2.8 Additional Impact of 200 Net Migration Per Annum On Sectoral 
Output In Jersey, 2001-2011



Summary of Results: Simulation 2 - 200 Net In-Migration Case

Table 9.2.1 - Additional Impact By 2011 Of 200 Net In-Migration Per Annum 
On Aggregate Economic Variables In Jersey

GDP
GDP per head
Real Wage
Real HH Income & Expend.
Total Employment
CPI

% Change 
2.041 
-0.589 
-1.461 
1.846 
3.58

-0.353

Table 9.2.2 - Additional impact By 2011 Of 200 Net In-Migration Per Annum On Sectoral 
Employment, Output And Price Of Output In Jersey

% Change Absolute Change
Employment Output Price of Output Employment

AgrieFish 5.155 4.620 -1.032 105
Construction 4.633 3.566 -0.462 220
Manufactures 3.957 3.623 -0.860 84
Services 3.626 2.653 -0.547 440
Tourism 3.554 2.516 -0.505 214
Finance 3.100 1.994 -0.431 406
GovSec 3.119 2.595 -1.053 217



However, even small changes in input prices have knock-on effects on 

competitiveness. I report the impact on local output prices for the 7 aggregate sectors 

in Figure 9.2.4. Whereas the nil net migration scenario leads to conditions in the 

labour market becoming tighter, thereby reducing the competitiveness of Jersey 

goods on the international market, allowing 200 net in-migration per annum has the 

opposite effect. Only Construction experiences a negative competitiveness effect 

(increase in price), and this is only in the short-run when there is a surge in demand 

caused by the increase in total population. After four years all sectors exhibit positive 

competitiveness effects (which again are sufficient to outweigh the negative effects 

observed in the nil net migration scenario). Therefore, the additional impact on 

employment and output in all sectors by 2011 is uniformly positive, as shown in 

Figure 9.2.5. As in the nil net migration case the largest effects occur in those sectors 

that are labour intensive, and/or have strong backward linkages in the local economy, 

and/or are open to international trade. As such Agriculture and Fishing, which is 

labour intensive with relatively strong backward linkages in the local economy and is 

a very open sector exhibits the biggest increase in both output and employment. On 

the other hand, Banks & Building Societies exhibits the smallest increase because, 

although very open, it experiences the smallest competitiveness effect and does not 

use significant amounts of labour or locally produced goods.

In Figure 9.2.6 I report the impacts on GDP and GNP, which are again very close. 

This is because the benefits of migration are spread across the private sectors (GNP 

is slightly higher because sectors like Banks & Building Societies, which is a major 

source of GDP as against GNP, enjoy relatively little benefit from the in-migration). 

Figures 9.2.7 and 9.2.8 confirm that all seven aggregate sectors, but especially 

Agriculture & Fishing and least of all Finance, benefit from the introduction of 

migrants.

Finally, I summarise the additional economic impacts of 200 in-migration per annum 

by 2011 in Tables 9.2.1 and 9.2.2. Aggregate variables such as GDP and total 

employment increase, as does real household income and expenditure, while wages 

and prices fall. GDP per head falls further than under the nil net migration scenario 
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because population increases at a higher rate than GDP. Again, however, I would 

highlight the fact that these effects are relatively small. The sectoral results show 

that in percentage terms Agriculture & Fishing is the biggest gainer, but the absolute 

changes in employment are quite different — Agriculture & Fishing is the second 

smallest gainer while the aggregate Finance sector, with the smallest percentage 

change, has the second largest absolute increase in employment. These results 

reflect the original employment structure in the economy.

In summary, in terms of the economic impacts, allowing 200 in-migration benefits 

the Jersey economy by providing some slack in the labour market. This allows GDP 

and employment to increase and causes a fall in wages and the price of local goods, 

which in turn impacts on competitiveness and increases output and employment.

3.2.2 Environmental Impacts

In Figure 9.2.9 I report the additional environmental impact of 200 migration per 

annum on physical energy consumption and water use. Again, it is important to note 

that these results are additional to what is reported in Section 3.1 for the nil net 

migration scenario. For example Figure 9.2.9 shows an increase in water use of 

2.96% by 2011. This is additional to the 0.5% fall shown in Figure 9.1.9. Thus, the 

total effect of allowing 200 migration per annum is to generate an expansion in water 

use which, by 2011, equals an increase of 2.46% [=2.96+(-0.5%)] on the base period 

figure.

The positive impact on activity in the Agriculture & Fishing industry is clearly 

reflected in Figure 9.2.9. In the nil net migration case, where Agriculture & Fishing 

suffer the largest proportionate decline in output, Figure 9.1.9 shows that the largest 

negative energy consumption effects are found in the case of the fuels that are 

exclusively used by Agriculture & Fishing sector (kerosene LSK and LFO). Here, 

with 200 net in-migration per annum, the effect is reversed, with the largest positive 

impacts found in the case of these two fuels. Moreover, these positive effects are 

more than sufficient to outweigh the negative ones in the nil net migration case.
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Figure 9.2.9 Additional Impact Of 200 Net In-Migration Per Annum On 
Energy And Water Consumption In Jersey, 2001-2011
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Figure 9.2.10 Additional Impact Of 200 Net In-Migration Per Annum On 
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Additional Environmental impact By 2011 Of 200 Net Migration Per Annum

Table 9.2.3 Additional Impact by 2011 Of 200 Net In-Migration per Annum on Traffic-Related 
Energy Consumption And Emissions Generation In Jersey

Absolute Change (kg) % Change from base
Total automotive fuel (petrol/derv) use 1003233 2.41

Government sector 3598 2.59
Other production 293537 3.15

Households 542292 1.85
Tourists 163806 5.71

Emissions of:

Non-methane volatile organic compounds (NMVOC) 57695 2.31
Carbon monoxide (CO) 312026 2.28
Nitrogen dioxide (N20) 49 2.53

Carbon dioxide (CO2) 7592623 2.56
Nitrous oxides (NOX) 59964 2.68

Table 9.2.4 Additional Impact By 2011 On All Other Environmental Indicators In Jersey

Absolute Change (kg) % Change from base
Total energy use

Kerosene SGK 540703 1.85
Kerosene LSK 52162 4.62

Gas Oil 801104 3.19
Light Fuel Oil 357427 4.37

Heavy Fuel Oil 1944866 2.85
Coal 101140 1.85

Gas (Mains & Bottled Propane/Butane) 305483 2.36

Emissions
Methane (CH4) 40422 4.20

Sulphur dioxide (SO2) 33777 3.30
Black smoke 2002 2.73

Value of Global Warming Potential (GWP) Index for Jersey 8456646 2.67



The next largest impacts shown in Figure 9.2.9 are the increases in consumption of 

water, gas oil and electricity (along with the heavy fuel oil that is used, with gas oil, 

in electricity generation in Jersey). These three resources are used in most production 

activities in Jersey, so the positive impact on their use is driven by the general 

increase in activity across the economy. (However, as I explain in Section 3.1.2, the 

resource intensity and scale of resource use in the sectors that benefit most in terms 

of increased activity will drive the precise magnitude of the effect in each case.)

It is interesting to note that the smallest energy consumption effects are found where 

households are the heaviest and/or most intensive users. In particular, kerosene SGK, 

which is only used by households in Jersey (for domestic heating purposes), shows 

the smallest positive energy consumption effect, along with coal, which is almost 

exclusively used by households. The positive impact in the case of automotive fuel is 

also small relative to that observed across other energy/fuel types. This is because the 

main contributory factor to the impact on automotive fuel use is the rise in real 

income and expenditure in the household sector, which is more limited, in 

proportionate terms, than the general increase in productive activity in the economy, 

(while employment rises with the 200 net in-migration per annum, allowing 

productive activity to increase, real wages fall, limiting the positive impact on 

household activity.)

Correspondingly, Figure 9.2.10 shows that the smallest pollution impacts are 

observed for what I identify as the three main traffic-related pollutants - CO, 

NMVOC and N2O. The largest impacts are again observed in the case of methane 

and SO2 emissions, both of these effects being driven by the increase in activity in 

the Agriculture & Fishing sector.

I summarise the additional impacts on energy consumption and pollution generation 

of 200 net in-migration per annum by 2011 in Tables 9.2.3 and 9.2.4. All the 

environmental impacts are positive and outweigh those observed in the nil net 

migration case in Simulation 1, with the implication that the total effect of allowing
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200 net in-migration per annum is an adverse one from an environmental 

perspective. Therefore I conclude that there is a trade-off between the positive 

economic impacts of relaxing the labour supply constraint in this way (summarised 

in Tables 9.2.1 and 9.2.2) and the detrimental environmental effects experienced as a 

result. However, again I would highlight the fact that all the effects (both economic 

and environmental) are relatively small in proportionate terms.

3 .3 Simulation 3: Nil Net Migration With A 50% Export Demand Shock To The 

Financial And Other Business Services (Finance) Sector

In the first two simulations I report on how changing demographics and limited 

migration are likely to affect the economy in Jersey by isolating changes in 

population and working population. In the next two simulations I take each of the 

migration scenarios identified above and combine them with a 50% export demand 

shock to the ‘financial and other business services’ sector (hereafter referred to as 

Finance) .

While in Simulations 1 and 2 I assume no exogenous demand changes in the 

economy, in Simulations 3 and 4 I examine how population changes affect the 

economy when these are accompanied by external demand pressures. Under this 

disturbance I assume that the demand for Jersey finance and finance-related exports 

experience a permanent 50% step increase in 2002. This means that with constant 

prices relative to the rest of the world, Jersey’s ‘Financial and Other Business 

Services’ sector exports will rise permanently by 50% - i.e. the export demand for 

each of the individual sectors I identify in Section 2 experiences a permanent, but 

one-off, increase of 50%. (However, note that Jersey Finance sector prices rise as a 

result of the demand stimulus, so that exports from these sectors never in fact 

increase by the full 50%.)

The demographic changes in this simulation are identical to those used in Simulation 

1 (see Figure 9.1.1 and Table 9.1), with population increasing whilst the working

9 See Section 2 and Appendix 9A for details on the composition of this sector.
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population falls. Note also that, as with Simulation 1 in Section 3.1, the results of 

Simulation 3 are measured against the base year data (not the nil net migration, no 
finance shock case).

Again, before I discuss the actual simulation results, the basic analytical argument 

underlying the key direct impact of the nil net migration scenario combined with a 

50% increase in export demand to the Finance sector can be explained using the 

general equilibrium labour supply and demand diagram in Figure 9.3.

Figure 9.3 General Equilibrium Labour Supply And Demand Under The Nil 

Net Migration Scenario Combined With A 50% Export Demand Shock To The 

Finance Sector

As in the case of nil net migration with no demand shock (Simulation 1) the 

projected fall in the working population causes the general equilibrium labour supply 
curve to shift inwards from LS to LS1, with a fall in total employment from N to N1.
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Note that the change in the labour supply and total employment is exactly the same 

as in Simulation 1. However, in the presence of the export demand shock to the 

Finance sector the general equilibrium labour demand curve moves up further than it 

does when the only stimulus to demand is the need to maintain government 

expenditure per head of population constant with the increase in total population. 
That is to say, LD1 >LD1. As I illustrate in Figure 9.3 this means that conditions in 

the labour market are even tighter than in Simulation 1 as the real wage level moves 
up to W1* (W^W1), where LS1 = LD1*.

I report how the combination of the nil net migration scenario and an export shock 

affects the price of labour and locally produced goods in Figure 9.3.2. Predictably, 

the shortage of labour and increase in export demand combine to push up wages. 

Note the large increase in both real and nominal wages compared with Simulation 1. 

For example, by 2011 real wages increase by 5.227% compared with only 0.423% in 

Simulation 1. In the first period to receive the export shock, 2002, the CPI rises by 

just less than 2% but this level subsequently remains relatively constant, with only a 

small upward drift to the year 2011. Figure 9.3.3, which reflects competitiveness

3.3.1 Economic Impacts

In Figure 9.3.1 (below) I report the impact on GDP and employment when the 50% 

export demand shock to Finance is combined with the zero migration demographic 

scenario. The first thing to note is that while the change in employment is exactly 

the same as for Simulation 1, the impact on GDP and GDP per head is very different. 

In contrast to the small but negative impacts apparent in Simulation 1, here I find that 

there is a dramatic increase in both GDP and GDP per head, with GDP achieving 

9.11% growth by 2011. This is caused by the large increase in export demand in the 

financial sectors, all of which have high value added intensity. In addition, 

employment is pulled into these sectors away from low value added activities, all of 

which combines to push up Jersey GDP. Jersey GDP per head also shows dramatic 

improvement, but the percentage increase remains slightly below GDP because of 

the rising population.
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effects through changes in output prices, illustrates why the CPI suffers this initial 

dramatic increase and the subsequent very gradual rise. In 2002, the period of the 

shock, prices in Finance, Construction and the Government Sector rise markedly, due 

to the direct impacts of the combined export demand and demographic shocks and 

the associated increase in demand for investment. As investment continues, 

however, prices in these sectors start to fall into line with the price rises in the other 

sectors. In general, the competitiveness of Jersey sectors on the international market 
suffers as prices rise in all markets.

I provide a more sectorally disaggregated summary in Figure 9.3.4, where I report 

changes in employment and output by 2011. In the previous simulations (with no 

exogenous demand shock to the Finance sector) employment or output in every 

private sector moved in the same direction. This is clearly not the case here, with 

some sectors showing increases and others falls. There are several reasons for this. 

Starting with the Finance sectors, most exhibit large increases in employment and 

output, which can be directly attributed to the export shock. The relative size of the 

impact in each of the finance sectors depends on two factors: firstly the proportion of 

total output exported, and secondly the size of the competitiveness effect and its 

impact on exports. By 2011 none of the sectors actually experience a full 50% 

increase in exports because increases in the price of sectoral outputs - i.e. decreases 

in competitiveness - ensure that this amount is never actually achieved. For example, 

Other Business Activities shows only a small increase in output and a fall in 

employment. There are two reasons for this. Firstly, it only exports roughly a tenth 

of its output. Secondly, Other Business Activities experiences the largest negative 

competitiveness effect of the seven Finance sectors because of its high labour 

intensity. On the other hand Investment Trusts shows the largest proportional 

increase because it exports almost its entire output. Note that by 2011 employment 

changes in all sectors are lagging behind output changes due to the shortage of 

labour. The higher proportional increases in output are achieved as firms switch 

towards capital and away from labour due to the rise in cost of employing the latter.
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Fig 9.3.1 Impact Of Nil Net Migration On GDP, GDP Per Head And Total 
Employment In Jersey, 2001-2011, With A 50% Export Demand Shock To 

The Finance Sector

Fig 9.3.2 Impact Of Nil Net Migration On The CPi And On Before-Tax Real 
And Nominal Wages In Jersey, 2001-2011, With A 50% Export Demand 

Shock To The Finance Sector



Fig 9.3.3 Impact Of Nil Net Migration On Competitiveness (Local Output Prices) In Jersey, 2001-2011, 
With A 50% Export Demand Shock To The Finance Sector
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Fig 9.3.4 Impact By 2011 Of Nil Net Migration On Sectoral Employment And Output In Jersey With A 50% 
Export Demand Shock To The Finance Sector



Fig 9.3.5 Impact Of Nil Net Migration On GDP And GNP In Jersey, 2001-2011, With A 50% Export 
Demand Shock To The Finance Sector



Fig 9.3.6 Impact Of Nil Net Migration On Sectoral Employment In Jersey, 
2001-2011, With A 50% Export Demand Shock To The Finance Sector
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Fig 9.3.7 Impact Of Nil Net Migration On Sectoral Output In Jersey, 2001- 
2011, With A 50% Export Demand Shock To The Finance Sector
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However, the impact of this export shock combined with the nil net migration 

scenario is not limited to the Finance sectors at which it is directed. The 25-sector 

results in Figure 9.3.4 and the 7-sector (time series) results in Figures 9.36 and 9.3.7 

show that the Finance sectors are the clear winners in terms of increased output and 

employment. Not all sectors improve, however, and there are some notable falls in 

output and employment. This is a result of wage rates being bid up as the Finance 

sectors compete for a larger share of the limited labour supply in order to meet 
increased export demand.

The clear losers are the other major exporters and tourist industries. The biggest loser 

is Agriculture & Fishing, where production is very export-intensive - 61% of output 

is produced to meet non-local demand - and very labour-intensive, with the results 

that output and employment both fall by over 16% by 2011. Manufacturing, which 

exports a large proportion of its output, also suffers, as does Wholesale & Retail 

Trade. The other sectors to experience reductions in activity are those which service 

the tourist industry (Hotels, Restaurants & Catering) and the transport sectors 

(SATTS and Land Transport).

There is an intermediate group, composed of Quarrying & Construction, the four 

government sectors and the utilities sectors (Electricity, Water, Gas, Oil & Fuel 

Distribution and Telecommunications), which are largely sheltered from external 

competition and benefit from higher domestic demand (consumption, investment or 

government), but face higher wages. In these sectors output increases while 

employment falls, or shows only a slight increase (depending on the labour intensity 

of production).

For the first time there is also a significant difference between GDP and GNP, as 

illustrated in Figure 9.3.5. This reflects the crowding out effects identified above. 

The increase in GNP is much lower than that observed in GDP because much of the 

increased output resulting from the shock occurs in Finance firms that are not owned 

by Jersey nationals. GNP, on the other hand, only takes into account income 

accruing to local people and firms and therefore adjusts for the fact that much of the 
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income earned by foreign-owned firms accrues to foreign nationals and cannot 

therefore be counted as part of total Jersey income. At the same time, domestically 

owned firms, which add to GNP, are crowded-out. The combination of these two 
factors results in a relatively small increase in GNP.

Finally, I present a summary of results by 2011 in Tables 9.3.1 and 9.3.2. Even with 

a falling labour supply, the 50% export demand shock pushes up GDP and GDP per 

head, by 9.11% and 7.89% respectively. (However note that GNP and GNP per 

head, not shown, only increase by 2.65% and 1.69% respectively.) The tight labour 

market serves to push up real and nominal wages and local prices, which in turn 

reduces the competitiveness of all sectors. Export industries in particular suffer from 

the negative competitiveness effect. For example, in Table 9.3.2 Agriculture shows a 

16.57% fall in output. In fact, all sectors apart from Finance, the Public Sectors and 

Construction are adversely affected under this scenario. Although Finance receives a 

50% export shock, its output only increases by 14.16% by 2011 because the increase 

in factor prices (notably labour) reduces its competitiveness on the international 

market.

The column showing absolute changes in employment is interesting in that it 

demonstrates the extent of crowding-out in Jersey under the scenario simulated here. 

When it comes to competition over labour, the non-finance sectors are in a weak 

position because of the relatively low average wages that they can offer. Therefore, 

the non-Finance private sectors all suffer heavy employment losses as they are outbid 

for labour by Finance, which increases employment by 1,548 workers. This has 

implications for one other area of activity. The movement of labour into Finance 

sectors like Banks & Building Societies and Investment Trusts & Fund Managers, 

which pay relatively high average wages, has important consumption and income 

effects. Therefore, while total employment falls slightly, the reallocation of labour 

towards high wage activities, along with the general increase in the real wage that 

results from the tightness of the labour market, stimulates real household income and 

expenditure, which rises by 11.73% by 2011.
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Summary of Results: Simulation 3 - Net Nil Migration with a 50% 
Export Demand Shock to the Financial and other Business Sector

Table 9.3.1 - Impact By 2011 Of Nil Net Migration On Aggregate Economic Variables In Jersey 
With A 50% Export Demand Shock To The Finance Sector

% Change
GDP 9.11
GDP per head 7.89
Real Wage 5.227
Real HH Income & Expend. 11.73
Total Employment -0.758
CPI 2.219

Table 9.3.2 - Impact By 2011 Of Nil Net Migration On Sectoral Employment, Output And Price 
Of Output In Jersey, With A 50% Export Demand Shock To The Finance Sector

% Change Absolute Change
Employment Output Price of Output Employment

AgrieFish -17.818 -16.572 4.928 -363
Construction -2.049 0.481 3.754 -97
Manufactures -9.020 -8.234 3.897 -192
Services -5.328 -2.966 3.786 -646
Tourism -12.193 -9.424 3.269 -735
Finance 11.825 14.164 4.626 1,548
GovSec 1.926 3.175 5.290 134
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Figure 9.3.8 Impact Of Nil Net Migration On Energy And Water 
Consumption In Jersey, 2001-2011, With A 50% Export Demand Shock To 

The Finance Sector
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Figure 9.3.9 Impact Of Nil Net Migration On Emissions Of 8 Individual And 
1 Composite Pollution Indicators In Jersey, 2001-2011, With A 50% Export 

Demand Shock To The Finance Sector



Environmental Impact By 2011 Of Nil Net Migration With A 50% Increase In Finance Sector 
Export Demand

Table 9.3.3 Impact by 2011 of Nil Net Migration On Traffic-Related Energy Consumption 
And Emissions Generation In Jersey, With a 50% Export Demand Shock To 

The Finance Sector

Absolute Change (kg) % Change from base

Total automotive fuel (petrol/derv) use 2483664 5.96
Government sector 4939 3.55

Other production -329383 -3.54
Households 3445875 11.73

Tourists -637767 -22.25

Emissions of:

Non-methane volatile organic compounds (NMVOC) 155689 6.23
Carbon monoxide (CO) 934057 6.84
Nitrogen dioxide (N20) 88 4.56

Carbon dioxide (CO2) 8233940 2.78
Nitrous oxides (NOX) 6616 0.30

Table 9.3.4 Impact By 2011 Of Nil Net Migration On All Other Environmental Indicators In 
In Jersey, With A 50% Export Demand Shock To The Finance Sector

Absolute Change (kg) % Change from base

Total energy use
Kerosene SGK 3435777 11.73
Kerosene LSK -187107 -16.57

Gas Oil -1840099 -7.34
Light Fuel OU -1171197 -14.33

Heavy Fuel Oli 372885 0.55
Coal 629686 11.53

Gas (Mains & Bottled Propane/Butane) 405674 3.14

Emissions
Methane (CH4) -118040 -12.27

Sulphur dioxide (SO2) -43484 -4.24
Black smoke -1042 -1.42

Value of Global Warming Potential (GWP) Index for Jersey 5782404 1.82



3.3.2 Environmental Impacts

In Figure 9.3.8 I report how the combination of the nil net migration scenario and a 

50% increase in export demand to the Finance sectors affects energy and water 

consumption in the Jersey economy. It may be expected that because finance-related 

activities, which are among the least energy-intensive in the economy, crowd out the 

activities of more energy-intensive sectors, energy consumption in the economy will 

fall. However, the income and consumption effects of increased activity in the 

Finance sector and the higher general real wage rate have significant implications for 

energy consumption by Jersey households. The largest impact is on consumption of 

kerosene SGK and coal for household heating purposes. Use of these two types of 

fuel is almost exclusively associated with the household sector. Therefore there are 

virtually no reductions in consumption of these fuels from decreased activity 

elsewhere in the economy to limit the impact of increased household consumption. 

On the other hand, in the case of the increased consumption of automotive fuels by 

households, this is partially offset by reductions in usage elsewhere in the economy 

(particularly in the Agriculture & Fishing and Wholesale & Retail Trade sectors). 

However increases in automotive fuel use in the Household sector and in those 

production sectors where activity is stimulated are more than sufficient to bring 

about an increase in consumption that reaches almost 6% by 2011.

The only fuels for which there is a fall in consumption are LFO and kerosene LSK - 

both of which are used almost exclusively in Agriculture & Fishing activities - and 

gas oil. While the latter is used in most commercial sectors for heating purposes, four 

of the Finance sectors do not use gas oil (relying instead on gas and/or electricity) 

and the other three have relatively low gas oil intensities. The most gas oil intensive 

sectors are ones where the level of activity declines (e.g. Agriculture & Fishing, 

Manufacturing and Hotels, Restaurants & Catering). On the other hand, the impact 

on gas, electricity and water use is positive, largely reflecting the presence of 

household consumption (gas oil is not used in the household sector). The net impact 

on electricity and water consumption is small, only 0.55% and 1.1% respectively by 

2001. The impact on gas use is more significant, 3.14% by 2011. Again, this type of 

455



variation in results reflects differing sectoral breakdowns of total resource use — for 

example, the sector where activity falls most under this scenario, Agriculture & 

Fishing, does not use gas as an input to production.

I report the impacts on pollution generation from the export demand shock under the 

nil net migration hypothesis in Figure 9.3.9. In line with the increase in automotive 

fuels I find the biggest impacts in the case of the three mainly traffic-related 

pollutants — CO, NMVOC and N2O. While there is some increase in these pollutants 

from the increase in Public Service (waste incineration) activities, and from 

automotive fuel use in those commercial sectors where positive output effects are 

observed, the bulk of the positive impact on these pollutants is due to increased real 
household income and expenditure.

There are smaller positive pollution impacts in the case of CO2 and NOx, and 

negative ones in the case of black smoke, SO2 and methane (CH4). Again, the 

direction and magnitude of the impacts on different pollutant variables depends on 

what happens to activity in different sectors of the economy. For example the large 

negative impact on methane generation is mainly explained by the decline in activity 

in the Agriculture & Fishing sector, as is the fall in SO2 generation. The decline in 

emissions of black smoke is mainly due to the reduction in aircraft movements in the 

Sea & Air Transport and Transport Support (SATTS) sector, though this is slightly 

offset by the increase in generation of this pollutant that accompanies the increase in 

electricity production shown in Figure 9.3.8.

The impacts on NOx and CO2 are more complex: both of these pollutants are 

generated by a range of activities and are emitted in most sectors of the economy. 

The negative impact on NOX generation is mainly driven by reductions in activity in 

Agriculture & Fishing and SATTS, both of which have extremely high NOX- 

intensities. However a number of other sectors, such as Manufacturing, Hotels, 

Restaurants & Catering and Wholesale & Retail Trade also contribute to the negative 

effect. These are sectors that suffer significant declines in activity and which, while 

being much less NOx-intensive than sectors like Agriculture & Fishing, SATTS and
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Electricity, do have high NOx-intensities relative to other sectors of the economy. 

The reduction in tourist expenditure contributes in a similar manner.

The negative effects on NOx generation are partially offset by increases in activity in 

the most NOx-intensive sector of the economy, Electricity, in Public Services and a 

range of other sectors with relatively high NOx-intensities and/or where there is a 

large positive output effect (e.g. Investment Trusts & Fund Managers). However, the 

main contributory factor to the positive NOx effect is increased energy consumption 

in the household sector. A similar story can be told in the case of CO2. However, the 

contributions of individual production sectors to the total impact are less significant 

(although the key contributors tend to be the same as in the case of NOx): the impact 

on total CO2 generation is more clearly dominated by the increase in energy 
consumption in the household sector.

I summarise the impacts on energy consumption and pollution generation by 2011 

from the 50% Finance sector export demand shock under the nil net migration 

hypothesis in Tables 9.3.3 and 9.3.4. The negative effect on the sectors that serve 

tourist demand is clearly reflected in Table 9.3.3, where I report that while the net 

effect on traffic-related energy consumption is positive, use of automotive fuel by 

tourists declines by almost a quarter. The other negative element of the total effect on 

automotive fuel use is the net change in private sector production activities, 

reflecting the fact that increased activity in the Finance sectors crowds out activity in 

sectors where production is more automotive fuel intensive. However, the income 

and consumption effects of the increased dominance of the relatively high wage 

Finance sectors and the upward pressure on real wages across the economy mean that 

these negative effects are more than offset by increased automotive fuel use in the 

household sector. There is also a general increase in the generation of traffic-related 

pollutants.

On the other hand, in Table 9.3.4 I report that the environmental impact of the 

increase in Finance sector activity under the nil net migration hypothesis is negative 

for a number of other types of energy consumption and pollution generation. This is
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particularly the case where households are not direct users or polluters, with the 

implication that the impact of contracting sectors dominates.

3,4 Simulation 4: Additional Impact Of 200 Net In-Migration Per Annum With 

A 50% Export Demand Shock To The Financial And Other Business Services 
(Finance) Sector

Here I examine the additional impact on the Jersey economy of allowing 200 net in­

migration per annum, under the same demographic hypothesis as Simulation 2 (see 

Figure 9.2.1 and Table 9.2), but this time in the presence of the demand disturbance 

introduced in Simulation 3. To isolate the impact of allowing limited in-migration 

under this circumstance, the results reported in this section are compared to the nil 

net migration case reported in Section 3.3, in the same way as Section 3.2 reports the 

additional impacts of limited in-migration in Simulation 2 relative to Simulation 1. In 

fact, I find that the results generated by this fourth simulation are very similar to 

those reported for Simulation 2, in that they are concerned with what happens when 

the employment constraint is lifted through in-migration, only in this case under a 

different demand scenario.

In Figure 9.4 (below) I illustrate the basic analytical result of relaxing the labour 

supply constraint by allowing limited (200 per annum) net in-migration in the 

presence of the Finance sector demand shock.

As in Simulation 2 the general equilibrium labour supply curve shifts out from LS1 to 

LS2 (i.e. labour supply conditions are the same in Simulations 1 and 2 and 

Simulations 3 and 4 respectively). However, demand conditions are different here: in 

Section 3.3 above I explain that the Finance sector demand shock moves the general 
equilibrium labour demand curve up from LD to LD1 . Here, there is a further 

increase, LD1* to LD2*, as public sector activity increases further to maintain fixed 

government expenditure per capita in the presence of the additional workers. 

However the net additional impact of relaxing the labour market constraint is to 
lower the real wage level in the economy, from W1* to W2*, as the total labour supply 
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and employment rise from N to N2. However, note that in the presence of the 

Finance sector export demand shock W2 is higher than the original wage level, W 

(because of the large increase in labour demand that would be expected from a 50% 
increase in Finance sector export demand in Jersey).

Figure 9.4 General Equilibrium Labour Supply And Demand Under The 200 

Net In-Migration Scenario Combined With A 50% Export Demand Shock To 
The Finance Sector

3.4,1 Economic Impacts

In Section 3.3 I report that the main problem for the Jersey economy is that it cannot 

gain the full benefits of the export demand shock because of the shortage of labour 

and subsequent crowding-out. Therefore, given the basic analytical argument 

presented in Figure 9.4,1 would expect the additional economic impacts with 200 net 

in-migration to be positive.
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Fig 9.4.1 Additional Impact Of 200 Net In-Migration Per Annum On GDP, 
GDP Per Head And Total Emolovment In Jersev. 2nn-i-oni i With a

Fig 9.4.2 Additional Impact Of 200 Net In-Migration Per Annum On The CPI 
And On Before-Tax Real And Nominal Wages In Jersey, 2001-2011, With A 

50% Export Demand Shock To The Finance Sector



Fig 9.4.3 Additional Impact Of 200 Net In-Migration Per Annum On Competitiveness (Local Output Prices) In 
Jersey, 2001-2011, With A 50% Export Demand Shock To The Finance Sector
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Fig 9.4.4 Additional Impact By 2011 Of 200 Net In-Migration Per Annum On Sectoral Employment And 
Output In Jersey, With A 50% Export Demand Shock To The Finance Sector



Fig 9.4.5 Additional Impact Of 200 Net In-Migration Per Annum On GDP And GNP In Jersey, 2001- 
2011, With A 50% Export Demand Shock To The Finance Sector
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Fig 9.4.6 Additional Impact Of 200 Net In-Migration Per annum On Sectoral 
Employment In Jersey, 2001-2011, With A 50% Export Demand Shock To 

The Finance Sector

%
 c

ha
ng

e 
on

 N
il N

et
 M

ig
ra

tio
n 

C
as

e 
%

 ch
an

ge
 o

n 
N

il N
et

 M
ig

ra
tio

n 
C

as
e

Fig 9.4.7 Additional impact Of 200 Net In-Migration Per Annum On Sectoral 
Output In Jersey, 2001-2011, With A 50% Export Demand Shock To The 

Finance Sector



Looking at Figure 9.4.1 this certainly appears to be the case. GDP increases steadily 

and by 2011 is 2.197% above the nil net migration scenario. However, the additional 

increase in total population means that GDP per head is less than it is if migration is 
constrained.

In Figure 9.4.2 I report that increasing the labour supply in this way puts downward 

pressure on both the nominal and real wage levels and on the consumer price index. 

This is reflected in Figure 9.4.3, where I illustrate how loosening the employment 

constraint makes Jersey goods more competitive than they are under the nil 

migration scenario. After 2005, and the initial increase in Construction prices caused 

by the surge in demand from the increased population, the price of output in all 

sectors falls with the relaxation of the labour constraint.

Thus the problems identified in Figure 9.3.4 (Simulation 3), where I report that 

activity in a number of industries is crowded out by the expansion of the Finance 

sector, to some extent mitigated. In Figure 9.4.4 I report that the additional impact of 

200 migrants is a uniformly positive increase in output and employment across all 

sectors by 2011.

However, it is still the case that the total effect of the 50% Export demand shock is 

negative for a number of sectors, which have lower employment and output than in 

the base case (with no population or demand changes). That is to say, allowing 200 

in-migration per annum is not sufficient to off-set the negative output and 

employment effects of the export demand shock combined with the demographic 

changes of the zero migration hypothesis in sectors like Agriculture & Fishing, 

Manufacturing, the transport sectors and Hotels, Restaurants and Catering.

I summarise the results of simulating the 200 net in-migration per annum under the 

50% Finance export demand shock scenario in Tables 9.4.1 and 9.4.2 below.
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Summary of Results: Simulation 4 - Additional Impact of 200 Net In-Migration Per Annum 
With A 50% Export Demand Shock To The Finance Sector

Table 9.4.1 - Additional Impact By 2011 Of 200 Net In-Migration Per Annum On Aggregate Economic Variables 
In Jersey, With A 50% Export Demand Shock To The Finance Sector

% Change
GDP 2.197
GDP per head -0.433
Real Wage -1.572
Real HH Income & Expend. 1.98
Total Employment 3.58
CPI -0.36

Table 9.4.2 - Additional Impact By 2011 Of 200 Net In-Migration Per Annum On Sectoral Employment, Output 
And Price Of Output In Jersey, With A 50% Export Demand Shock To The Finance Sector

% Change Absolute Change
Employment Output Price of Output Employment

AgrieFish 4.355 3.957 -1.110 89
Construction 4.563 3.582 -0.507 217
Manufactures 3.646 3.363 -0.921 78
Services 3.495 2.614 -0.594 424
Tourism 3.223 2.351 -0.540 194
Finance 3.529 2.285 -0.471 462
GovSec 3.137 2.634 -1.142 218



The additional increases in GDP and employment and a fall in prices demonstrate 

that activity in Jersey benefits from the additional workers. The impacts are not 

large, however, with only an additional 2.197% on the change in GDP identified in 

Simulation 3. Therefore, while economic conditions in Jersey improve as a result of 

allowing limited in-migration, this is not by a huge amount. The reason for this can 

be seen in the absolute change in employment column in the Table 9.4.2, where all 

sectors are competing for labour and every sector gains workers. Considering the 

previous results it might have been assumed that all the extra labour would go into 

Finance, but this is not the case: crowding-out is reduced and sectors are allowed to 

grow. GDP does not increase dramatically because labour is settling into low value 

added activities such as Agriculture & Fishing as well as high value added activities 

such as Finance. This is also the reason why the additional impacts on GDP and 

GNP are of similar magnitude (Figure 9.4.5). In contrast to Simulation 3, activity is 

expanding in sectors that are mainly composed of domestically owned firms, with the 

implication that profits accruing to foreign owners of firms operating in Jersey does 

not form such a high proportion of the increase in GDP.

It may seem unusual that while the additional increase in GDP is 2.197%, every 

sector increases its output by more than this amount. The explanation behind this is 

that GDP is determined by summing the increases in sectoral value-added, rather 

than gross outputs. If I were to report proportionate changes in value added, the 

figure in the key sector Finance would be much lower. In other words, weighting the 

results by output gives the impression that the change in GDP should be higher than 

it actually is.

An interesting comparison can be made between the results generated by this 

simulation and those I report in Section 3.2 for Simulation 2, which reports the 

impact of 200 in-migration per annum with no added demand stimulus. The changes 

in GDP produced by relaxing the population, and therefore employment, constraint 

are surprisingly similar. In Simulation 2 GDP increases by an additional 2.041% by 

2011 and in Simulation 4 by 2.197%. Why does adding the export shock make so 

little difference? At the margin, all firms bid for workers on a level playing field and 
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the additional workers are distributed across sectors according to their demand for 

labour. This is quite different to the situation in Simulation 3 where hundreds of 

employees move into Finance from other sectors with a corresponding increase in 

GDP of 9.11% by 2011. Rather, the extra employees here are distributed across 

sectors in a relatively even fashion, similar to Simulation 2. The slightly higher 

additional impact on GDP that is found in Simulation 4 can be attributed to the 

increase in the productivity of the Jersey economy as a whole that is caused by the 

export demand shock. In Simulation 3, the effect of the export demand stimulus to 

the Finance sector is to increase GDP per head by 7.89%. This is almost exactly the 

increase in additional GDP reported in Simulation 4, as against Simulation 2. That is 

to say, an increase of 7.89% to the figure 2.041% (the increase in GDP in simulation 

2) gives 2.202%, marginally above the figure for the increase in GDP in simulation 

4.

However, one key observation can be made. In Simulation 2, I find that the 

additional impacts of allowing 200 net in-migration per annum are enough to 

outweigh all the negative economic effects of the demographic changes in the nil net 

migration scenario reported in Simulation 1. This is not true in the presence of a 50% 

increase in Finance sector export demand. The positive impacts on output, 

employment and competitiveness across all sectors in Simulation 4 are not enough to 

outweigh the negative ones in Simulation 3 for a number of sectors. Similarly the 

downward pressure on the real wage level and CPI from allowing 200 in-migration 

per annum is not enough to combat the upward pressure on both these variables 

reported in Table 9.3.1 for the nil net migration case in the presence of the export 

demand shock. In other words, while allowing 200 net in-migration per annum does 

ease economic conditions, the economy is still sufficiently labour constrained to 

cause crowding out of activities and general upward pressure on prices.

3.4.2 Environmental Impacts

The environmental results for Simulation 4 are reported in Figures 9.4.8 and 9.4.9 

and summarised in Tables 9.4.3 and 9.4.4.
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Figure 9.4.8 Additional Impact Of 200 Net In-Migration Per Annum On 
Energy And Water Consumption In Jersey, 2001-2011, With A 50% Export
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Figure 9.4.9 Additional Impact Of 200 Net In-Migration On Emissions of 8 
Individual And 1 Composite Pollution Indicators In Jersey, 2001-2011, With 

A 50% Export Demand Shock To The Finance Sector



Additional Environmental Impact By 2011 Of 200 Net In-Migration With A 50% Increase In 
Finance Sector Export Demand

Table 9.4.3 Additional impact By 2011 Of 200 Net Migration On Traffic-Related Energy 
Consumption And Emissions Generation in Jersey, With A 50% Export Demand 
Shock To The Finance Sector

Absolute Change (kg) % Change from base

Total automotive fuel (petrol/derv) use 1003185 2.41
Government sector 3663 2.63

Other production 284619 3.06
Households 581657 1.98

Tourists 133247 4.65

Emissions of:

Non-methane volatile organic compounds (NMVOC) 58076 2.32
Carbon monoxide (CO) 314665 2.30
Nitrogen dioxide (N20) 49 2.51

Carbon dioxide (CO2) 7531080 2.54
Nitrous oxides (NOX) 58987 2.63

Figure 9.4.4 Additional Impact By 2011 Of 200 Net In-Migration On All Other Environmental 
Indicators In Jersey, With A 50% Export Demand Shock To The Finance Sector

Absolute Change (kg) % Change from base

Total energy use
Kerosene SGK 579952 1.98
Kerosene LSK 44677 3.96

Gas Oil 744550 2.97
Light Fuel Oil 311251 3.81

Heavy Fuel Oil 1953728 2.87
Coal 108304 1.98

Gas (Mains & Bottled Propane/Butane) 308831 2.39

Emissions
Methane (CH4) 35198 3.66

Sulphur dioxide (SOJ 31726 3.10
Black smoke 1990 2.71

Value of Global Warming Potential (GWP) Index for Jersey 8285295 2.61



I illustrate the additional impact of 200 net in-migration per annum under the 50% 

increase in Finance export demand scenario on energy and water consumption and 

pollution generation in Figures 9.4.8 and 9.4.9. The additional impacts by 2011 are 

summarised in Tables 9.4.3 and 9.4.4. The first thing to note is that the magnitude 

and ordering of effects on different environmental variables are broadly similar to 

what was found in Simulation 2 for 200 net in-migration under the assumption of no 

exogenous changes in the economy. This is in line with what I report above for the 

economic impacts of relaxing the labour supply constraint in this way under the two 
alternative scenarios.

However, note that the economic impacts of allowing 200 in-migration per annum 

are positive in that the negative effects of the 50% export demand shock under the 

constraint of nil net migration are partly mitigated by relaxing the labour supply 

constraint in this way. This good news for the economy contrasts with what is 

uniformly bad news for the environment. In Figures 9.4.8 and 9.4.9 and Tables 9.4.3 

and 9.4.4 I report that the additional environmental impact of allowing 200 net in­

migration per annum is an increase in all types of energy-use, water consumption and 

pollution generation. This is because the additional impact of allowing this in­

migration is an increase in activity in all sectors, which means increased energy and 

water consumption and pollution generation in each sector. Moreover, the impact on 

real household income and expenditure is positive, though due to the downward 

pressure on real wages this is limited (note that in the case of environmental 

variables that are dominated by household behaviour the smallest increases are 

observed).

Nonetheless, the additional impact of 200 net in-migration per annum is uniformly 

detrimental on all environmental indicator variables, just as I report above for 

Simulation 2. The difference between the situation reported in Simulation 2, where I 

assume no exogenous changes in demand, and here, assuming a 50% increase in 

Finance export demand is that in the former case all the environmental costs were 

enough to negate the environmental benefits of the nil net migration scenario. 

However, comparing the results of Simulation 4 with those reported for Simulation 3 
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it is clear that the upward pressure on several environmental variables from allowing 

200 net in-migration per annum is not enough to outweigh the reductions that result 

from the demographic changes and export demand shock. In particular, the 

reductions in automotive fuel use by tourists and all types of energy use in those 

private production sector activities that are crowded out by increased Finance sector 

activities with nil net migration are larger than the increases that result from the in­

migration. For example, consider the total effect of 200 net in-migration per annum 

combined with the 50% increase in Finance sector export demand on the types of 

fuel use and pollution generation that are dominated in Jersey by Agriculture & 

Fishing - i.e. use of kerosene LSK and LFO, and methane generation. The total 

impact on all these variables is a reduction in line with the overall reduction in 

Agriculture & Fishing activity, which suffers the greatest proportionate decline in 

output due to crowding out by finance sector activities, even where 200 in-migration 

per annum is permitted.

4. Sensitivity Analyses

4.1 Simulation Strategy For Sensitivity Analysis Of Environmental Results

In this section I conduct some initial sensitivity analyses of the simulation results 

reported above. The general motivation for carrying out sensitivity analysis is to 

determine whether simulation results are sensitive to changes in the parameter values 

that I impose in the JEMENVI model configuration (particularly given the lack of 

data for econometric estimation in Jersey). I begin with two key variables: the 

Armington price elasticities of export demand for local outputs (which are 

particularly important in the Jersey case, given the openness and export orientation of 

most of production sectors) and the elasticity of substitution between capital and 

labour in the CES production functions.

However, in the initial sensitivity analysis conducted here I also want to examine an 

issue that relates specifically to the environmental results reported in this chapter. 

The results in Section 3 show that the main factor driving the environmental impacts 
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in all four of the simulations is what happens to the level of real household 

consumption. Therefore, a specific question I wish to address is whether, when 

considering changes in wages resulting from adjustments to labour supply, it may be 

possible, depending on the value of the wage elasticity of labour demand, to find 

perverse variations in household income, and therefore on the generation of 

pollutants. That is to say, if labour demand is sufficiently wage inelastic, it may be 

that household income will actually fall as employment rises, with the implication 

that it is possible for a general increase in economic activity to be accompanied by a 

decline in some types of pollution generation.

In partial equilibrium the wage elasticity of derived demand for labour, k, is given by 

(Hicks, 1963, p.374):

(9.1)
yco +1 - At| e

That is to say, the wage elasticity of labour demand, X, is a complex function of a, 

the elasticity of substitution between labour and the second (primary) factor of 

production, capital, T], the elasticity of product demand, e, the elasticity of supply of 

the second factor, and k, a labour intensity factor. In general equilibrium the 

relationship will also take into account the impact of income changes in shifting 

product demand.

I have already identified two of these elasticities as key parameters for initial 

sensitivity analyses. Firstly, the Armington elasticities are important, given that the 

main source of product demand for most sectors in Jersey is export demand. For 

simplicity I refer to these as T] (no other type of product demands is considered in 

this initial sensitivity analysis). The other is the elasticity of substitution between 

capital and labour in the CES production functions determining the primary input 

composition of sectoral outputs.
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Table 9.5 Sensitivity Analysis - Simulation 3: Impact By 2011 Of Nil Net Migration With A 50% Export Demand Shock To The Finance Sector 
(% change in key variables)

(a)Rea( wage level (average change across all sectors) (b)CPI

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5

1.5 * * 9.09 7.25 5.01

1.2 * 13.54 9.93 7.68 5.14

CD (1) 18.53 14.87 10.53 7.96 5.20

0.8 21.10 16.44 11.14 8.21 5.23

0.5 26.59 19.34 11.98 8.45 5.21

0.3 32.30 * 12.32 8.45 5.19
0.1 * 23.51 12.59 8.89 5.95

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5
1.5 ★ * 3.55 2.93 2.12

1.2 * 5.08 3.90 3.14 2.19

CD (1) 6.74 5.54 4.16 3.27 2.21

0.8 7.52 6.10 4.42 3.39 2.22
0.5 9.15 7.12 4.76 3.46 2.16

0.3 10.65 * 4.79 3.35 2.04

0.1 * 7.91 4.41 3.08 1.97

(c)Change in Finance sector output (d)Change in Finance sector employment

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD(1) 2 3 5

1.5 ★ * 26.05 23.05 18.93

1.2 * 28.74 24.47 21.37 17.22

CD (1) 30.80 27.68 23.17 20.00 15.83

0.8 29.70 26.35 21.59 18.33 14.16
0.5 27.38 23.56 18.18 14.79 10.82

0.3 25.00 * 14.27 11.04 7.66

0.1 * 11.29 6.80 4.89 3.08

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5

1.5 * * 14.66 14.33 13.48

1.2 * 15.23 14.82 14.30 13.07

CD (1) 15.80 15.50 14.91 14.17 12.59

0.8 16.28 15.83 14.91 13.85 11.83

0.5 17.24 16.33 14.32 12.47 9.75

0.3 18.04 * 12.47 10.08 7.26

0.1 * 10.67 6.60 4.78 3.00

(e)GDP (f)Real household income and expenditure

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5
1.5 * ★ 18.82 16.41 13.03

1.2 * 20.84 17.49 14.98 11.59

CD(1) 22.35 19.94 16.39 13.82 10.45

0.8 21.39 18.81 15.05 12.42 9.11
0.5 19.36 16.44 12.19 9.54 6.56

0.3 17.34 * 9.11 6.72 4.33

0.1 * 7.11 3.87 2.59 1.47

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5

1.5 * * 17.16 15.35 12.95

1.2 * 20.50 17.30 15.20 12.55

CD (1) 24.17 21.08 17.37 15.04 12.20

0.8 25.56 21.78 17.40 14.77 11.73

0.5 28.63 23.08 17.17 14.00 10.70

0.3 32.02 * 16.48 12.96 9.69

0.1 ★ 24.02 14.69 11.35 8.59

(g)Total automotive fuel use (h)GWP Index

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5

1.5 * * 11.21 9.41 7.18

1.2 * 14.01 10.94 9.00 6.72

CD (1) 16.94 14.11 10.71 8.67 6.36

0.8 17.53 14.22 10.44 8.29 5.96

0.5 18.91 14.45 9.87 7.53 5.22

0.3 20.61 * 9.24 6.81 4.60

0.1 * 14.62 8.22 5.91 3.96

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5

1.5 * * 5.85 4.40 2.73

1.2 * 7.74 5.34 3.88 2.33

CD (1) 9.55 7.48 4.94 3.51 2.07

0.8 9.50 7.16 4.51 3.13 1.82

0.5 9.48 6.61 3.85 2.61 1.53

0.3 9.72 ★ 3.49 2.36 1.46

0.1 * 6.51 3.52 2.53 1.75



Table 9.6 Sensitivity analysis - Simulation 4: Additional Impact By 2011 Of 200 Net In-Migration Per Annum With A 50% Export Demand Shock To The Finance Sector 
(% change in key variables)

(a)Real wage level (average change across all sectors) (b)CPI

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5

1.5 * * -1.56 -1.31 -1.06

1.2 * -2.33 -1.77 -1.49 -1.21

CD (1) -3.27 -2.61 -1.97 -1.66 -1.36

0.8 -3.80 -2.98 -2.25 -1.90 -1.57

0.5 -5.17 -3.98 -3.01 -2.58 -2.18

0.3 -7.22 * -4.24 -3.70 -3.20

0.1 * -11.88 -9.65 -8.74 -7.88

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5

1.5 * * -0.50 -0.41 -0.30

1.2 * -0.74 -0.54 -0.44 -0.32

CD (1) -1.01 -0.80 -0.58 -0.46 -0.34

0.8 -1.11 -0.86 -0.62 -0.49 -0.36

0.5 -1.31 -1.00 -0.71 -0.57 -0.42

0.3 -1.55 ★ -0.85 -0.68 -0.51

0.1 ★ -1.91 -1.42 -1.17 -0.91

(c)Change in Finance sector output (d)Change in Finance sector employment

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5

1.5 * * 2.13 2.25 2.32

1.2 * 1.92 2.20 2.29 2.32

CD (1) 1.69 2.01 2.24 2.30 2.31

0.8 1.81 2.10 2.28 2.31 2.29

0.5 2.03 2.24 2.31 2.29 2.23

0.3 2.22 * 2.28 2.23 2.16

0.1 * 2.28 2.17 2.11 2.05

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5

1.5 * * 3.95 3.89 3.77

1.2 ★ 3.94 3.89 3.83 3.69

CD (1) 3.91 3.90 3.85 3.77 3.62

0.8 3.85 3.85 3.79 3.70 3.53

0.5 3.76 3.76 3.65 3.53 3.34

0.3 3.72 * 3.49 3.35 3.16

0.1 * 3.37 3.15 3.03 2.89

(e)GDP (f)Real household income and expenditure

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5

1.5 ★ * 2.09 2.19 2.24

1.2 ★ 1.93 2.15 2.22 2.23

CD (1) 1.76 2.01 2.19 2.23 2.22

0.8 1.86 2.09 2.22 2.23 2.20

0.5 2.04 2.19 2.22 2.19 2.13

0.3 2.17 * 2.18 2.13 2.06

0.1 * 2.10 2.02 1.98 1.95

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5

1.5 * * 2.02 2.17 2.29

1.2 * 1.57 1.93 2.08 2.20

CD (1) 0.98 1.45 1.84 2.00 2.11

0.8 0.72 1.27 1.70 1.87 1.98

0.5 0.01 0.79 1.31 1.49 1.62

0.3 -1.08 * 0.66 0.88 1.07

0.1 * -3.26 -2.11 -1.68 -1.30

(g)Total automotive fuel use (h)GWP Index

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5
1.5 * it 2.14 2.31 2.48

1.2 * 1.77 2.12 2.29 2.46

CD (1) 1.30 1.71 2.09 2.26 2.44

0.8 1.16 1.63 2.03 2.21 2.41
0.5 0.74 1.37 1.84 2.06 2.30

0.3 0.05 * 1.50 1.78 2.12

0.1 * -1.10 0.03 0.61 1.39

CES elasticity of subsitution 

capital and labour

Armington elasticity of export demand

0.5 CD (1) 2 3 5

1.5 * * 2.32 2.45 2.59

1.2 * 2.09 2.34 2.46 2.60

CD (1) 1.81 2.09 2.34 2.46 2.61

0.8 1.77 2.07 2.33 2.46 2.61

0.5 1.60 1.97 2.27 2.42 2.61

0.3 1.26 ★ 2.13 2.33 2.57

0.1 ★ 0.78 1.44 1.76 2.16



In the simulations reported in this chapter I assume that the Armington price 

elasticity of export demand, r|, has a value of 5.0 for all sectors (see Chapter 8, 

Section 3.1 and Section 2 above). However, if export demand for local outputs is less 

price elastic than this, I would expect that the (derived) demand for labour to produce 

these outputs will also be more wage inelastic. In terms of the production of sectoral 

outputs, I assume that the constant elasticity of substitution, o, between capital and 

labour has a value of 0.8 in all sectors. If this parameter is lower — i.e. if it is more 

difficult to substitute between capital and labour in response to changes in relative 

prices — then labour demand will also be more inelastic. In the case of the export 

demand shock simulated here, the more wage inelastic labour demand is, the bigger 

the positive impact on wages will be. In terms of the supply-side shock in the labour 

market, the more wage inelastic the labour demand curve, the bigger the negative 

impact on wages will be. Of particular interest here is the question as to whether the 

downward pressure on real wages from allowing limited in-migration may actually 

result in pollution generation in Jersey falling as output rises if labour demand is 

assumed to be sufficiently inelastic.

I limit the sensitivity analysis reported here to the two scenarios where the most 

significant environmental impacts are observed. These are Simulation 3, where a 

50% export demand shock to the Finance sector is introduced under the assumption 

of nil net migration, and Simulation 4, where the labour supply constraint is partially 

relaxed under these demand conditions, by allowing 200 in-migration per annum. I 

re-run these two simulations with 4 alternative values for the Armington elasticity of 

export demand, namely 0.5, 1.0 (using a Cobb-Douglas instead of a CES function), 

2.0 and 3.0, and 6 alternative values for the constant elasticity of substitution 

between capital and labour, namely 0.1, 0.3, 0.5, 1.0 (Cobb Douglas), 1.2 and 1.5. 

All other model specifications are unchanged. I run simulations for each possible 

combination of these values, plus the original values. This equates to 35 simulations 

for the nil migration scenario (combined with the export demand shock) and 35 to 

report the additional impacts of allowing 200 net in-migration per annum. However, 

the model will not solve for 5 combinations in both cases. These are scenarios where 

labour demand becomes so wage inelastic that the model cannot adjust to a new 
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equilibrium. See Tables 9.5 (Simulation 3) and 9.6 (Simulation 4) above for the 

composition and results of each simulation (cases where the model fails to solve are 

indicated by an asterix). I discuss the results reported in these tables in Sections 4.3 

and 4.4 respectively. However, before examining the simulation results for Jersey, it 

is informative to use the theoretical general equilibrium labour supply and demand 

framework to understand the basic impacts of varying the parameters that determine 
the elasticity of labour demand.

4.2 Variation In The Elasticity Of Labour Demand — The Basic Analytical 
Argument

Figure 9.5 General Equilibrium Labour Supply And Demand Under Different 

Assumptions About The Elasticity Of Labour Demand

In Figure 9.5 I illustrate how the

employment of introducing a large

impact on wages and total income from 

labour demand shock in a labour supply 
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constrained economy varies under different assumptions of the elasticity of labour 
demand.

The economy is initially in long-run equilibrium where LS = LD, with the real wage 

level, W, and employment, N. (Total household income from employment will be W 

times N.) If there is a large increase in demand for local outputs (such as the Finance 

sector export demand shock in Simulation 3) the general equilibrium labour demand 

curve will shift outwards from LD to LD1. In Figure 9.5 In Figure 9.5 I illustrate two 

general equilibrium labour demand curves that reflect different (qualitative) 

assumptions about the elasticity of labour demand: LDh applies where the elasticity 

of labour demand is assumed to be relatively high and LDl when it is assumed to be 

relatively low. Where the wage is fixed, both curves will pass through the same point 

- this would be the IO result (McGregor et al 1994, 1996). However, if the total 

labour supply is fixed, there will be a rise in the real wage. If the increase in demand 

is combined with a contraction in labour supply (such as that implied by the nil net 

migration scenario ), there will also be a simultaneous inward shift in the general 

equilibrium labour supply curve, from LS to LS1. This puts even more upward 

pressure on the wage level before the economy can reach a new long-run equilibrium 
where LS1 = LD1.

However, the main factor influencing the magnitude of the impact of the demand 

shock in Figure 9.5 is the elasticity of labour demand (the impact on the wage level 
will be positive in both cases). LDh and LDl move out to LD1 h and LD1 l 

respectively in response to the direct increase in Finance demand. However, the 
more inelastic LDpl intersects the new fixed labour supply curve, LS1, at a higher 

wage level, WPL, than LDPH, which intersects LS1 at W1*^ Consequently the 

impact on total income from employment is greater where the elasticity of labour 
demand is relatively low (W1 l-N1 > W1 h-N1).

10 As I explain in Section 3.3, the population changes implied by the nil net migration scenario will 
also add to the upward pressure on total labour demand because public sector activity must increase to 
maintain a fixed level of government expenditure per capita as total population increases.
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When the labour constraint is partially relaxed, increasing the labour supply from 

LS to LS (for example, by allowing the 200 net in-migration per annum that I 

assume in Simulation 4) the economy moves down the general equilibrium labour 

demand curve . However, note that the movement down the low elasticity labour 

general equilibrium demand curve LD1 l, and the associated drop in the real wage 

from W h to W h> represents a larger adjustment than the equivalent move down 
LD1 H.

The difference in the magnitude of adjustment when the labour supply constraint is 

relaxed can be explained by considering what would be the long-run (input-output) 

result of the demand shock if there were no supply constraints in the system. The IO 

result is illustrated in Figure 9.5. What this indicates is that, if the flow of net in­

migration were to continue, the increase in all price levels, including the wage, 

would be eliminated in the long-run when both the capital and labour markets have 

fully adjusted to the change in demand conditions in the economy. However, the 

ability of the economy to reach the IO outcome is limited by the presence of the 

labour supply constraint. Moreover, the path of this adjustment will be affected by 

the substitution possibilities that determine the elasticity of labour demand. In Figure 

9.5, the wage level rises further in response to the demand shock when the labour 

demand curve is inelastic. This is because of the improvement in the terms of trade 

that apply when a demand shock is introduced under conditions where it is difficult 

to switch away from the region-specific labour either towards (elastically) available 

capital or through purchasing foreign goods. Thus, under the fixed labour supply 

LS1, the economy is further away from the IO long-run equilibrium the more 

inelastic the labour demand curve. This has the implication that when the labour 

supply constraint is partially relaxed (e.g. by allowing 200 net in-migration per 
annum) to move the labour supply curve out to LS2 the consequent adjustment in the 

wage level must be larger in order to move the economy towards the IO outcome. 

The effect on total income from employment will depend on whether the increase 

from the rise in the number employed is sufficient to outweigh the reduction in the

12 Note that, for clarity of exposition, in Figure 9.5 I ignore the additional increase in labour demand 
as public sector activity rises to maintain constant government expenditure per head of population, as 
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real wage paid per employee. Essentially, under these conditions total wage income 

will fall when labour supply rises if labour demand is inelastic.

It is important to note, however, that what I illustrate in Figure 9.5 is the impact on 

the general equilibrium (aggregate) labour supply and demand curves. However, as 

will become apparent below, the impacts are less straightforward at the sectoral 

level. For example, in Simulation 3, the increase in aggregate labour demand arising 

from the Finance sector export demand shock occurs under the constraint of a fixed 

(and, indeed, falling) total labour supply. However, at the sectoral level, the labour 

supply is not fixed and there are changes in the distribution of employment among 

the 25 production sectors. As I explain in Section 3.3, the impact of the resulting 

increase in the general wage level will vary across sectors, depending on factors such 

as the labour intensity and export orientation of production.

4.3 Sensitivity Analysis Results - Nil Net Migration With A 50% Export 
Demand Shock To The Finance Sector (Simulation 3)

The findings of my sensitivity analysis for Simulation 3 for the impact on the real 

wage level (Table 9.5, grid (a)) are broadly consistent with the qualitative analysis in 

Figure 9.5. In Table 9.5 (above) the percentage change in the real wage level by 2011 

increases as the values of the Armington elasticity of export demand, t], and the 

constant elasticity of substitution between capital and labour, o, fall (i.e. along each 

row and down each column). As I change the parameter values to assume that it is 

more difficult for producers to substitute out of labour as it becomes scarcer, and/or 

for foreigners to substitute away from Jersey goods and services as local output 

prices increase, the price of labour is bid up higher. Note that the results in the last 

column (t] = 5.0) of grid (a) do not quite follow this pattern. This reflects some 

disequilibrium effects - note that sensitivity results in Table 9.5, as with all the 

simulation results in this chapter, relate to the end of time period studied, 2011, 

which is not a long-run equilbrium. Given that the population changes are still

shown in Figure 9.4, because this does not significantly affect the qualitative impact on the wage 
level.
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occurring in 2010, the capital stock is not fully adjusted to bring the economy to 
long-run equilibrium by 2011.

However, in terms of the sensitivity of the quantitative results that I report in Section 

3, it is important to note there is a significant degree of variation in the model results 

for the impact on the real wage level across different assumptions about the value of 

o and T]. The result reported in Section 3.3 (where a = 0.8 and t] = 5.0), a 5.23% 

increase in the real wage level by 2011, is at the lower end of the range reported in 

Table 9.5, where the smallest increase is 5.01% (a = 1.5 and t] = 5.0) and the highest 

is 32.3% (a = 0.3 and r] = 0.5).

The impact of the demand disturbance on output prices in any one sector is a 

function of the real wage, the labour intensity of production and capital rental rates. 

The overall effect on the price level in Jersey is reflected in the consumer price index 

(CPI). Note that while the sensitivity analysis results for the CPI, reported in Table 

9.5, grid (b), broadly follow the expected pattern, the disequilibrium effects that I 

mention above are clearly present. As with the real wage, I would expect the impact 

on the CPI from the demand shock to increase as the elasticity of substitution 

between capital and labour, o, falls. However, this is clearly not true of the results 

reported in the last two columns of grid (b) (r] = 3.0, 5.0). For example, where T] = 

5.0, the change in the CPI rises then falls as the value of a falls. The explanation for 

this is that, as I emphasise throughout this chapter, the simulation results reported 

here are not long-run equilibrium results. That is to say, with population changes 

occurring up to and including 2011, the economy is not fully adjusted to a new long- 

run equilibrium in the end period (2011) results reported in Table 9.5. This is 

apparent in the CPI results in grid (b), which reflect the short-run investment effects 

that I identify in Section 3, with respect to output prices in the sector responsible for 

the bulk of fixed capital formation in Jersey (Quarrying & Construction). In Figure 

9.6 I illustrate how, over a longer time period, the continuing adjustment process 

leads to the expected pattern being observed by 2017, with the increase in the CPI 

where a = 0.3 becoming greater than where o = 1.2. So, as expected, over time the 

impact on the CPI becomes larger as the elasticity of labour demand falls.
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occurring in 2010, the capital stock is not fully adjusted to bring the economy to 
long-run equilibrium by 2011.

However, in terms of the sensitivity of the quantitative results that I report in Section 

3, it is important to note there is a significant degree of variation in the model results 

for the impact on the real wage level across different assumptions about the value of 

a and rp The result reported in Section 3.3 (where a = 0.8 and r] = 5.0), a 5.23% 

increase in the real wage level by 2011, is at the lower end of the range reported in 

Table 9.5, where the smallest increase is 5.01% (o = 1.5 and T] = 5.0) and the highest 

is 32.3% (a = 0.3 and t] = 0.5).

The impact of the demand disturbance on output prices in any one sector is a 

function of the real wage, the labour intensity of production and capital rental rates. 

The overall effect on the price level in Jersey is reflected in the consumer price index 

(CPI). Note that while the sensitivity analysis results for the CPI, reported in Table 

9.5, grid (b), broadly follow the expected pattern, the disequilibrium effects that I 

mention above are clearly present. As with the real wage, I would expect the impact 

on the CPI from the demand shock to increase as the elasticity of substitution 

between capital and labour, o, falls. However, this is clearly not true of the results 

reported in the last two columns of grid (b) (r] = 3.0, 5.0). For example, where r| = 

5.0, the change in the CPI rises then falls as the value of a falls. The explanation for 

this is that, as I emphasise throughout this chapter, the simulation results reported 

here are not long-run equilibrium results. That is to say, with population changes 

occurring up to and including 2011, the economy is not fully adjusted to a new long- 

run equilibrium in the end period (2011) results reported in Table 9.5. This is 

apparent in the CPI results in grid (b), which reflect the short-run investment effects 

that I identify in Section 3, with respect to output prices in the sector responsible for 

the bulk of fixed capital formation in Jersey (Quarrying & Construction). In Figure 

9.6 I illustrate how, over a longer time period, the continuing adjustment process 

leads to the expected pattern being observed by 2017, with the increase in the CPI 

where o = 0.3 becoming greater than where or = 1.2. So, as expected, over time the 

impact on the CPI becomes larger as the elasticity of labour demand falls.
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Figure 9.6 Adjustment Path Of The Impact Of Nil Net Migration On The CPI In Jersey, 2001-2025, With 
A 50% Export Demand Shock To The Finance Sector Under Alternative Assumptions About The 

Substitutability Of Capital And Labour
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In terms of commodity demands, in Section 3.3 I explain that a number of sectors 

suffer due to the increased cost of labour and resulting negative competitiveness 

effects. Even in the Finance sector, where the demand shock is directed, the 50% 

increase in export demand does not actually transpire because of the increase in 

Finance sector output prices. However, the sensitivity results in Table 9.5, grid (c) 

show that the size of the actual increase in demand for Finance sector outputs 

depends on what I assume about the price elasticity of export demand and the 

substitutability of capital for labour. As it becomes easier for firms to substitute 

capital for labour, and more difficult for foreign consumers to find alternatives for 

Jersey financial commodities (i.e. as a rises and T] falls) the increase in Finance 

sector output becomes larger. Again, the result reported in Section 3.3 (where o = 0.8 

and Y| = 5.0), the 14.16% increase by 2011 is at the lower end of the range in grid (c), 

where the smallest increase is 3.08% (o = 0.1 and r] = 5.0) and the highest is 30.8% 

(a = 1 (Cobb Douglas) and r| = 0.5).

These output effects are as I would predict based on the long-run analysis in Figure 

9.5. However, the sensitivity results for the change in Finance sector employment by 

2011 (grid (d)), on the other hand, follow the expected pattern for variation in the 

value of T] but not o. Specifically, the size of change in employment decreases as 0 

rises in the case of 13 = 0.5, despite the increase in output. However, I find that this 

anomaly only occurs in the case of Banks & Building Societies and Investment Trust 

and Fund Managers. In the other 5 Finance sub-sectors (see Appendix 9A), 

employment rises with activity as the value of o increases (but obviously at a slower 

rate because firms are substituting towards capital). Banks & Building Societies and 

Investment Trusts and Fund Managers share the common characteristic of having a 

high average wage rate and low labour intensity relative to the other finance sectors. 

It would seem that in the case of t] = 0.5 (i.e. where export demand is highly price 

inelastic) the interaction between the change in wages and the elasticity of 

substitution between capital and labour causes the relative importance of the positive 

output effect on sectoral employment to increase at lower values of cr.

483



I report the sensitivity results for the impact of the nil net migration scenario 

combined with the Finance sector export demand shock on Jersey GDP in Table 9.5, 

grid (e). These follow the expected pattern, with the expansion in the economy 

becoming greater as it is easier for producers to substitute capital for labour, and 

more difficult for foreign consumers to find alternatives for Jersey commodities (i.e. 

as o rises and T] falls). Again, the main observation is the sensitivity of the result 

reported in Section 3.3 (where cf = 0.8 and r| = 5.0). There I report a 9.11% increase 

in GDP by 2011, which is at the lower end of the range in grid (e), where the 

smallest increase is 1.47% (a = 0.1 and t] = 5.0) and the highest is 22.35% (a = 1 

(Cobb Douglas) and t] = 0.5).

The presence of differential sectoral effects is most apparent in the sensitivity results 

for the impact on total household income and expenditure, which I report in Table 

9.5, grid (f). The general impact on wages that I report here (grid (a)) shows the 

average percentage change in the real wage level across all sectors. However the 

initial (equilibrium) average wage rate is different in each sector. In Simulation 3 the 

fixed labour supply is shifting among sectors with different average wage rates. As I 

report in Section 3.3, in the presence of the 50% export demand shock to the Finance 

sector, the nature of this redistribution of employment is such that labour is drawn 

into sectors that pay relatively high average wage rates. Therefore, the impact on 

total household income and expenditure is greater than the increase in the general 

wage level. Moreover, the impact of changing the main parameter values that govern 

the wage elasticity of labour demand (i.e. o and r|) varies across sectors, depending 

on factors such as the initial actual wage level and the labour intensity of production.

If I hold the elasticity of substitution between labour and capital constant (i.e. along 

each row of grid (f)), the impact on total household income and expenditure 

decreases as export demand becomes more price elastic. However, reading down the 

columns of grid (f), the sensitivity results do not follow a common pattern, with the 

change in household income and expenditure falling as of rises in the case of t] = 0.5 

and T] = 1 (Cobb Douglas), rising then falling under T] = 2 and rising under r] = 3 and 

T| = 5. What is happening here appears to be dominated by the changes in Finance 
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sector employment. As I explain above where export demand is highly price inelastic 

the interaction between the change in wages and the elasticity of substitution 

between capital and labour in Banks & Building Societies and Investment Trusts & 

Fund Managers causes the impact on employment to be greater at lower values of o.

However, perhaps the key point, given the environmental focus of my study, is the 

fact that the impact on household expenditure in Simulation 3 is extremely sensitive 

to what I assume about the values of a and rj. In Figure 9.5, grid (g) I report the 

sensitivity results for the impact on total automotive fuel use. In all cases household 

effects dominate the change in automotive fuel use. A constant proportional 

relationship is assumed between total household expenditure and household 

consumption of fuels. This means that the percentage changes in household 

automotive fuel use in Simulation 3 are the same as the percentage changes in total 

household expenditure, reported in grid (f). However, the net effect on total 

automotive fuel use is generally smaller and slightly less variable across alternative 

assumptions about the value of a and r) because of downward pressure from 

reductions in activity elsewhere in the economy. Nonetheless the sensitivity analysis 

shows that the result I report in Section 3.3 for the impact on total automotive fuel 

use (and, therefore, emissions of all traffic-related pollutants) is sensitive to what I 

assume about the substitutability of capital for labour and the price elasticity of 

export demand. In Section 3.3 I report a 5.96% increase in total automotive fuel use 

for Simulation 3, which is at the lower end of the range in grid (g), where the 

smallest increase is 3.96% (u = 0.1 and t] = 5.0) and the highest is 20.61% (a = 0.3 

and Y| = 0.5).

In the final grid (h) of Table 9.5 I report the sensitivity results for the composite 

GWP Index. Emissions of the three pollutants that contribute to the GWP Index 

(CO2, N2O and methane) are generated during a wide variety of activities that take 

place in the Jersey economy. Nonetheless, the upward pressure on the GWP Index in 

response to the demographic changes in Finance sector demand shock in Simulation 

3 mainly comes from the increase in household final consumption. However, the 

decline in tourist demand and the decrease in manufacturing, transport, other service 
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activities and particularly agricultural activities (the main source of methane 

emissions in Jersey) negate a large proportion of this. Therefore in Section 3.3 (Table 

3.4) I report a much smaller increase in the value of the GWP Index than what is 

observed for traffic-related pollution. Relative to the results reported for other 

variables in Table 9.5, this result (a 1.82% increase) does not appear to be as 

sensitive to what I assume about the substitutability of capital for labour and the 

price elasticity of export demand. Nonetheless, the implications of the results 

reported in grid (h) are significant - for example, the impact on the GWP index 

increases by more than half (to 3.13%) if I assume that the Armington elasticity of 
export demand is 3.0 rather than 5.0.

4.4 Sensitivity Analysis Results - Additional Impact Of 200 Net In-Migration 

With A 50% Export Demand Shock To The Finance Sector (Simulation 4)

In my qualitative analysis in Section 4.2 I explain that the additional impact of 

allowing limited net in-migration in response to a large demand shock of the type 

considered in Simulation 3 will be to move the fixed (aggregate) labour supply 

curve, putting downward pressure on wages across the economy. However I explain 

that the magnitude of the adjustment will be greater the more inelastic the general 

equilibrium labour demand curve. Therefore I would expect that as I reduce the value 

of the parameters determining the price elasticity of export demand for local outputs 

and the substitutability of capital for labour (referred to as o and i] respectively) in 

producing these outputs, the greater will be the impact on the real wage. The results 

that I report for the sensitivity analysis of the additional impact on the real wage of 

allowing 200 in-migration per annum in Simulation 4 in Table 9.6, grid (a) are 

consistent with this argument.

Again there is significant variation in the model results for the additional impact on 

the real wage from allowing 200 net in-migration across different assumptions about 

the value of o and r]. The result reported in Section 3.4 (where o = 0.8 and T) = 5.0), 

a 1.57% drop in the real wage level by 2011, is at the lower end of the range reported 
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in Table 9.6, grid (a). The size of the impact ranges from -1.06% (a = 1.5 and r] = 

5.0) to -11.88% (a = 0.1 and Y] = 1 (Cobb Douglas)).

However, in terms of magnitude, the results for all the other variables reported in 

Table 9.6 are less sensitive to what I assume about the substitutability of capital for 

labour and the price elasticity of export demand than is the case for Simulation 3. 

The core explanation is likely to be the size and nature of the disturbance. While the 

additional shock that I apply in Simulation 4 is not insignificant — 200 net in­

migration per annum equates to a 3.58% increase in total Jersey employment by 

2011 — it constitutes a minor disturbance relative to the introduction of a 50% 
increase in Finance sector export demand.

Moreover, the change in the labour supply that I introduce in Simulation 4 

constitutes a far less complex disturbance to the system. Under the assumption of a 

unified labour market (see Chapter 8, Section 2.1.1), the expansion I simulate here is 

much more evenly distributed than is the case when the shock takes the form of an 

injection to one particular sector, or set of sectors, in the economy.

However, the results in Table 9.6 clearly reflect a number of disequilibrium and 

sectoral effects. Take, for example, the impacts on Finance sector output and GDP in 

grids (c) and (e) respectively. I would expect the general additional expansion across 

all sectors of the economy to be greater the more responsive export demand is to the 

fall in output prices (i.e. the greater the value of t]), and as it becomes easier to 

substitute between capital and labour (i.e. as o increases). This pattern is not 

universally evident in grids (c) and (e). However, if we bear in mind the fact that 

under the 200 net-in migration per annum scenario changes in the labour supply 

occur in every year up to 2010. Thus, by the year 2011 (the final period studied, and 

the year for which the results in Table 9.6 are reported) the economy in general and 

the Finance sectors in particular have not had sufficient time to adjust capital stock 

and employment to their optimal levels.
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However, in terms of the environmental focus of the simulations that I present in this 

chapter, the most interesting results are to be found in the case of the impact on 

household income and expenditure. In Sections 3.2 and 3.4 I find that the additional 

impacts of allowing 200 in-migration per annum are universally detrimental on all 

environmental indicator variables. I explain that this is mainly because of the upward 

pressure on the level of total household consumption, which is the main source of 

most types of pollution, particularly traffic-related emissions, in the Jersey economy. 

However, I have speculated that if labour demand is sufficiently inelastic, the 

reduction in real wages from relaxing the labour supply constraint may be enough to 

offset the increase in employment, with the implication that total household income 

and expenditure must fall. This in turn may lead to some types of pollution 

generation in the economy falling as the aggregate level of activity increases. In the 

introduction to this section I explain that this possibility is the main motivation for 

focussing my initial sensitivity analyses on the parameters that determine the 

elasticity of labour demand.

I report the sensitivity results for the impact on the level of total real household 

income and expenditure in Table 9.6, grid (f). In Section 3.4 I find that, where or = 

0.8 and r] = 5.0, total household income and expenditure increases by an additional 

1.98% by 2011 when 200 net in-migration per annum is allowed in the presence of 

the 50% increase to Finance sector export demand. However, grid (f) shows that the 

direction of this effect is sensitive to what I assume about the elasticity of labour 

demand, particularly the elasticity of substitution between capital and labour. 

Specifically, if the value of a is assumed to be 0.1 (in all sectors), total household 

income and expenditure falls as output and employment rises in all sectors of the 

economy. This is independent of the value of T). If the elasticity of export demand, T], 

is reduced to 0.5 the net impact on total household income and expenditure is almost 

zero impact where o = 0.5, and negative where o = 0.3.

However, in terms of actual policy analysis, one would have to consider the 

plausibility of labour demand in Jersey actually being as highly inelastic as is 

required to bring about this decline in total household income and expenditure.
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Moreover, note from grid (g) that the decline in household consumption is only 

sufficient to bring about a net decline in total automotive fuel use in the case where a 

= 0.1 and y] — 1.0 (Cobb Douglas). Although I do not report it here, in this one case 

the net impact on emissions of the main traffic-related pollutants, NMVOC, CO and 

N2O, is also negative. However, I find that the additional impact on all other types of 

pollution is uniformly positive regardless of what I assume about the substitutability 

of labour for capital or the price elasticity of export demand. This is due to the 

increase in productive activity across the economy when the labour supply constraint 

is partially relaxed, particularly in the Agriculture & Fishing sector, as reflected in 

the sensitivity results for the impact on the GWP Index by 2011 in grid (h). 

Nonetheless, the results reported here only apply to the specific time period (and do 

not reflect a long-run equilibrium) and scenario studied. I would argue that the 

suggestion of any type of negative relationship between the level of economic 

activity and environmental indicator variables indicates a need to focus research 

effort on finding out more about the nature of labour demand in the Jersey economy. 

In particular, it is likely that labour demand relationships will in fact vary over 

different industries, a factor that I do not consider in the present study.

5. Chapter Summary And Conclusions

In this chapter I discuss the results of four separate population policy simulations 

carried out under different assumptions about demographic changes, migration and 

demand conditions in the Jersey economy. Here I summarise the key results and 

draw conclusions on how the type of simulation results reported here should be used 

to inform policymakers considering sustainability issues such as population changes 

and pollution generation.

5.1 Summary Of Simulation Results

In the first simulation I find that with no exogenous changes in external demand 

conditions, the impact on economic activity in Jersey of the demographic changes 

imposed in the zero net migration hypothesis is slightly negative. Gross Domestic
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Product (GDP) and Gross National Product (GNP) fall by 0.44% and 0.42% 

respectively by 2011. In Section 3.1 I explain that this is primarily because of the 

reduction in labour supply accompanying the ageing of Jersey’s population. Relaxing 

this labour constraint, in terms of allowing in-migration in the second simulation, 

reduces the tightness in the labour market, leading to a subsequent expansion in the 
economy.

However, in Section 3.2 I note that the associated increases in GDP and GNP are 

relatively small: the additional impact on GDP by 2011 is only an increase of 2.04% 

under the 200 in-migration per annum hypothesis. The corresponding additional 

impact on GNP is slightly higher, with an increase of 2.38%. Further, these 

expansions in activity are accompanied by reductions in the real wage, which is not 

necessarily in the interest of existing Jersey residents — for example, GDP per capita 

actually falls by 0.59% by 2011 in the 200 in-migration scenario.

In Simulation 3 (Section 3.3) I introduce a large export demand shock to the 

aggregate Finance sector under the zero migration hypothesis. This leads to a 

positive impact on both GDP and GNP, which increase by 9.11% and 2.65% 

respectively by the end of the period of study, 2011. The smaller impact in the case 

of GNP is due to the high degree of foreign ownership in the Jersey Finance sector, 

which means that a significant proportion of the additional income from the export 

demand boost accrues to non-Jersey residents.

However, I find that the response of the economy to this increase in demand entails 

labour shifting between sectors so that output and employment fall in a number of 

other sectors, such as ‘Agriculture & Fishing’, ‘Hotels, Restaurants & Catering’, 

‘Wholesale & Retail Trade’ and the transport sectors. The tightness of the labour 

market is reflected in the real wage level, which increases by 5.23% by 2011. The 

competitiveness of all Jersey sectors is affected by the increased costs of production 

(with the implication that the initial 50% increase in export demand to the Finance 

sector is not fully realised).
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In Simulation 4 (Section 3.4) I find that these negative effects are partly mitigated 

under the 200 net in-migration per annum scenario, which increases competitiveness 

by reducing the rise in the real wage. However, the additional GDP and GNP 

generated by relaxing the labour constraint in this way in the presence of increased 

demand to the Finance sector is not very much greater than the additional changes 

when the demand shock is not present (i.e. in Simulation 2).

I find that the key factor determining the environmental impacts of all the 

simulations is the effect on the level of real consumer expenditure in Jersey. This is 

because, as is I find in the environmental accounting study in Chapters 6 and 7, 

household income and expenditure is the dominant factor determining the level of 

emissions of most of the major pollutants identified in Jersey, particularly traffic- 

related emissions. In all the scenarios I study here, with the exception of the zero 

migration hypothesis combined with no exogenous change in demand (Simulation 1), 

real household expenditure rises, which increases automotive fuel use and, 

consequently, the generation of all traffic-related emissions.

In Simulation 1 (Section 3.1) I find that under the zero migration scenario traffic- 

related emissions fall. The addition of either the demand shock or positive migration 

generates an increase in these pollutants as against the 2001 base level. I find that the 

biggest impact on automotive fuel-use occurs in the cases where a 50% increase in 

export demand is assumed to be present (Simulations 3 and 4). This is because 

increases in activity are concentrated in high wage sectors, thus increasing the level 

of real income and expenditure per household.

Generally I find that when the population constraint is relaxed (with or without the 

export demand shock), all types of energy and water use and pollution generation in 

Jersey increase, because the level of activity in all sectors of the economy improves.

However, I report that the demand shock does crowd out a number of activities. In 

particular, the Agriculture & Fishing sector suffers most through increased costs of 

production and reduced competitiveness. Agriculture & Fishing is a key energy user 
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and generator of a number of pollutants. However, the primary pollutant associated 

with agricultural activities in Jersey is methane (generated by livestock). Methane is 

a major component of the Global Warming Potential (GWP) Index, which is widely 

accepted as an indicator of the impact of individual economies on the climate change 

problem. I find that the increase in the GWP Index in the presence of the demand 

shock (Simulation 3) is less significant than the increase in traffic-related emissions, 

increasing by only 1.82% by 2011 compared to increase in CO2 and NOx emissions 

of 2.78% and 4.56% respectively. The GWP Index is influenced by traffic-related 

emissions. However the weight attached to methane, and the absolute reduction in 

methane emissions due to the crowding out of agricultural activity serve to pull the 

value of the increase down. Note, however, in Section 3.4 I report that when limited 

net in-migration (200 working age people per annum) occurs there is a marked 

increase in GWP emissions (an additional 2.61% by 2001) due to the general 

increase in activity, both agricultural and non-agricultural, in the economy. However, 

the total percentage change in the GWP Index remains lower than the change in 

either CO2 or N2O, reflecting the overall fall in methane emissions, even with 

migration.

5.2 Conclusions on the construction and use of the JEMENVI modelling 

framework for Jersey

If a CGE model is to be used to inform policy debate, it is important that the 

policymaker is aware of the precise assumptions under which simulation results 

apply so that he or she can appropriately interpret the results. I outline the model 

specification and default configuration adopted for the simulations conducted here in 

Chapter 8 and in the Simulation Strategy section of this chapter (Section 2). Making 

the assumption that everything apart from the demographic changes and the financial 

demand shocks remains constant allows me to study the impact of the various 

population scenarios in isolation. Therefore it is important to emphasise to 

policymakers that CGE modelling results of the type I report here are not forecasts of 

what is likely to happen - assuming no other change in the economy is unrealistic. 

Rather, the results are designed to isolate the influence of specific factors on the 
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economy. For example, the results I present in this chapter are aimed at isolating the 

effects of population influences on the Jersey economy.

Therefore in Section 2 I argue that, ideally, there should be interaction between the 

modellers and policymakers in terms of the type of sensitivity analysis of key 

parameter values and model configuration required, and whether the simulation 
strategy or questions posed should be refined13.

131 hope that this will be the outcome of reporting the simulation results contained in this chapter to 
the Policy and Resources Committee of the States of Jersey. (A report ‘Strathclyde Economic- 
Environmental Model of Jersey (JEMENVI): Simulations on the Economic and Environmental 
Impacts of Population Changes’ based on the empirical work carried out in this thesis was presented 
to the States of Jersey in November 2001 (Fraser of Allander Institute, 2001).)

In the first instance, the sensitivity analyses that I report in Section 4 of this chapter 

focus on two sets of key parameter values — the CES elasticity of substitution 

between labour and capital and the Armington price elasticity of export demand for 

local outputs. The Armington elasticities are particularly important in modelling a 

small open economy like Jersey because of their importance in determining the 

impact of disturbances on traded sectors. The CES elasticity of substitution between 

primary factors is of general importance because of the implications for the 

flexibility of production. Indeed, while there are a number of other parameter values 

that should be the subject of future sensitivity analysis within the JEMENVI 

framework, more extensive analysis of these two parameters is a priority. 

Specifically, I hope to examine the impact of varying the values of these parameters 

across different sectors. In other words, one of my main research objectives is to 

attempt more detailed modelling of individual sectors, particularly the main finance 

sectors (Banks & Building Societies and Investment Trusts & Fund Managers).

The Armington elasticities of export demand and the CES substitutability between 

capital and labour are also key determinants of the wage elasticity of the general 

equilibrium labour demand curve. Therefore, the choice of these two parameters is 

especially appropriate in terms of assessing the sensitivity of the environmental 

impacts of the shocks simulated here, as these are largely driven by the impact on 

household income and expenditure. The results of the sensitivity analyses in Section
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4 do in fact show that the magnitude of environmental impacts reported in this 

chapter are sensitive to the precise assumptions made about the substitutability of 

capital and labour and the price elasticity of export demand. For example, in the nil 

net migration scenario combined with the Finance sector demand shock, I find that 

the impact on the GWP Index by 2011 increases by more than 50% if I assume that 

the value of the Armington elasticity of export demand is 3.0 rather than 5.0.

The magnitude of the additional environmental impacts of relaxing the labour 

constraint by allowing 200 in-migration per annum is less sensitive to what is 

assumed about the wage elasticity of labour demand. However, I find that the 

direction of the relationship between the generation of the main traffic-related 

pollutants (CO, N2O and NMVOC) is sensitive to what I assume about these 

parameters. Specifically, I find that emissions of these pollutants by households (the 

main generators of traffic-related emissions in Jersey) fall if both the price elasticity 

of export demand and the constant elasticity of substitutability of capital for labour 

are assumed to be sufficiently low. (However, as I explain in Section 4.4, the net 

impact on total emissions of CO, N2O and NMVOC is only negative under quite 

extreme assumptions about these parameter values.)

That the JEMENVI framework offers the facility of varying parameter values and 

model structure for testing the sensitivity of results to factors such as the elasticity of 

labour demand is illustrative of the added value gained from constructing a CGE 

framework relative to the IO system in Chapter 7. In Chapter 8 I explain that, due to 

the lack of data for econometric estimation of parameter values for Jersey, it is 

necessary to impose what are essentially “best-guess” estimates for key relationships 

like factor substitutability. However, in an IO framework, which assumes Leontief 

technology in all production (and consumption) relationships, the best guess is 

constrained to a value of zero, and this is not open to sensitivity analysis.

Generally, an IO model is too limited a framework for the type of analyses required 

to address policy issues of the type I examine in this chapter. Firstly, as I explain 

above, the assumption of universal fixed coefficients in production basically implies 
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that the best guess is zero substitutability between all inputs to production. Secondly, 

the assumption of infinitely elastic supply is a problem for economies that are in any 

way resource constrained. Specifically, the type of labour expansion simulated in this 

chapter could not be introduced to a conventional (demand-driven) IO model without 

either making arbitrary assumptions about exogenous demand (see, for example, the 

IO modelling application in Appendix 7B) or adapting the IO framework to develop 

a supply-driven system. The latter approach has been attempted by Ghosh (1958) but 

involves making a number of questionable assumptions that have been severely 
criticised by Oosterhaven (1988,1989).

Thus, the existence of the supply constraint in the Jersey labour market is the key 

factor motivating the development of a CGE modelling framework for Jersey as the 

core element of my thesis. Specifically, the central focus of the policy questions 

addressed in this chapter is the implications of the existence of a supply constraint in 

the local labour market and of attempting to relax this supply constraint by allowing 

limited in-migration over a given time period. These are quite simply questions that 

cannot be addressed in an IO framework: even adopting the supply-driven IO 

approach of Ghosh (1958) would only allow me to examine the long-run impact of 

the existence labour supply constraint, not the impact of relaxing this constraint over 

a given period of time.

Generally, I have argued that while CGE retains the multi-sectoral data driven focus 

of IO it offers a richer more theory-consistent approach (while encompassing IO as a 

limiting case). Crucially, adopting a CGE approach allows me to model both 

production and consumption using standard economic theory, particularly by 

allowing substitution between inputs/commodities and modelling of competitiveness 

effects. I believe that my analysis in this chapter shows that these elements are 

clearly relevant to the Jersey case.

More generally, the added value gained from adopting a CGE approach relative to an 

IO one is an important issue in economic-environmental analysis. In Chapter 1 I 

explain that this is currently an area of active debate in the UK. The UK
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Environment Agency, the English Regional Development Agencies (RDAs) and the 

National Assembly for Wales have commissioned scoping studies on the type of 

model that would be appropriate for analysing the environmental impact of economic 

behaviour. The environmental IO approach has attracted the most interest in this 

process, as is commonly the case, due to its being relatively straightforward to 

understand and implement (given the availability of an appropriate database14). 

However, one of the core arguments of my thesis is that while construction of an 

environmental IO system provides an invaluable data base for analysis and extremely 

useful accounting framework (see Chapters 6 and 7), it is of limited usefulness 

addressing policy questions where supply-side responses matter at all. In particular, 

if the economy being studied is characterised by any supply-side constraints, IO will 
be of limited applicability.

14 One other element of the current UK debate is the costs and benefits of using region-specific data 
for multi-sectoral accounting and/or modelling analysis of economic-environmental interaction, 
independent of whether an IO or CGE approach is adopted. In Turner (2002) I discuss this subject, 
based on the findings discussed in Chapter 6 (Section 5) of this dissertation.

Moreover, I have also argued that adopting an IO approach is likely to be particularly 

unsuitable for analysing issues relating to the use of environmental policy 

instruments, which are commonly aimed at the supply-side of the economy. For 

example, policy instruments aimed at improving energy efficiency or the use of less 

polluting types of energy or non-energy inputs (such as carbon taxes) typically work 

by changing relative prices to induce substitution between different types of input. 

Analysis of the likely impacts of implementing such policies would not be possible 

in an IO framework, where input substitution is not possible. Of course, as I explain 

in Chapter 6 (Section 4), the current specification and software available to me for 

construction of the JEMENVI framework render it unsuitable, at present, for the full 

analysis of these types of environmental policy. Specifically, this would require a 

more flexible treatment of energy inputs and input-pollution relationships than is 

currently specified, which is a development that I recommend if the States of Jersey 

chooses to consider the use of environmental policy instruments. I discuss this issue 

in more detail in the next chapter.
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In conclusion, m this chapter I demonstrate the fulfilment of the core objective of my 

study, which is the construction of a multi-sectoral economic-environmental model 

for policy analysis in a small open economy. I use Jersey as an empirical example, 

with the aim of developing a framework that facilitates analysis of the impact of 

policy and other disturbances on stated sustainability objectives. I have achieved this 

objective firstly by constructing a multi-sectoral modelling framework with 

endogenous environmental variables, making it possible to track and explain the 

movement of chosen sustainability’ indicators in response to changes in economic 

activity. Secondly, by adopting a flexible CGE approach to modelling the economy I 

have developed a framework that is appropriate for analysing the type of supply-side 

issues that are so important in an economy like Jersey, where problems of population 

and labour supply constraints have an important impact on economic activity.
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Chapter 10. Conclusions And Suggestions For Future Research

1, Summary

The main objective of this dissertation is to develop a modelling framework that 

allows analysis of the impact of policy changes and other disturbances on key 

economic and environmental indicators, with specific reference to the objective of 
sustainable development.

In the first stage of the study I investigate measurement of sustainable development 

in the UK and Jersey. In Chapter 21 conclude that it is commonly agreed that there is 

a need to choose and monitor a set of indicators representing variables that are 

considered important for economic development to be sustainable. For example, 

suppose it were agreed that one element of achieving sustainable economic 

development is to have economic growth without an increase in emissions of 

pollutants that contribute to global warming. If this were the case, appropriate 

indicators would be the level of emissions of gaseous pollutants like carbon dioxide, 

methane and nitrogen dioxide, and/or a composite measure of more than one 

pollutant, each weighted according to its global warming potential. Another set of 

possible candidate indicators would be the use of different types of fuels that give off 

global warming gases when combusted.

The example of global warming perhaps gives a misleading impression of consensus 

in the sustainability policy debate. In Chapter 2 I found that, aside from this 

particular example, there exists a great deal of uncertainty over what is meant by 

‘sustainable development’ and therefore over defining sustainability objectives and 

the type of indicators that should be used to monitoring progress towards their 

achievement. However, while I did consider and attempt to clarify some of the issues 

involved, it has not been the primary purpose of this study to answer these questions. 

(The study focuses on pollution generation issues, only for the reason that this is the 

element of sustainable development that most policymakers seem to focus on.) 

Rather, the primary issue that the study has been concerned with is, once 
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policymakers have chosen a set of sustainability indicators, identifying the best way 

to track and analyse their movement. My main conclusion in Chapter 2 was that the 

proposed process of monitoring a set of sustainability indicators that reflect 

sustainability objectives is a purely descriptive one, simply stating whether or not 

development is becoming more or less sustainable (subject to the stated definition of 

sustainable development). I argued that what is missing from this process is an 

explanation as to why indicators move in an observed direction, and what may cause 

them to move in a particular way. Therefore, I went on to argue that what is required 

is knowledge of the transmission mechanism linking economic activity to any 

disturbance to the system (e.g. policy) and to the variables that indicate 
sustainability.

This requirement provided the motivation for this study. In common with many other 

regions and nations, the States of Jersey has identified environmental issues, 

specifically pollution generation and resource use, as a key area of concern in 

defining sustainability objectives. With this focus, knowledge of the transmission 

mechanism implies a need to model the relevant behavioural relationships and 

interdependencies in the economic-environmental system, incorporating 

environmental indicator variables as endogenous variables. This would make it 

possible to capture the sequence of causality between any activity or disturbance and 

any change in the indicator variables.

In Chapter 3 I then begin considering the type of approach that would be appropriate 

for modelling economy-environment interaction. The first issue is what type of 

economic model is required (given that we are concerned with the impact of the 

economy on the environment). In the literature it is generally accepted that the 

primary requirement is for a system-wide multi-sectoral model of the economy 

because of the importance of the composition of economic activity in governing its 

impact on environmental variables. Because it is necessary to have a level of sectoral 

disaggregation that reflects different resource-use and pollution characteristics in 

different production and consumption activities in the economy, single sector 

macroeconomic models are of limited usefulness. Partial equilibrium models are also 
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unsuitable because the full environmental impact of any one economic activity is 

likely to be governed by a complex chain of interactions and interdependencies 

between different sectors of the economy. Thus, in Chapter 3,1 reach the conclusion 

that a multi-sectoral general equilibrium approach is required.

The remainder of Chapter 3 and Chapter 4 involve a literature review to see what 

general lessons could be learned from existing empirical general equilibrium models 

of economic-environmental interaction. In Chapter 3 I focus on the limiting case of 

environmental input-output (IO) systems. Most of the applications reviewed are 

concerned with accounting for pollution generation in the target economy. Several 

do consider changes in sources of pollution generation (technology and/or energy 

use). However, the crucial point is that the environmental IO applications that 

attempt to do this do not attempt to model marginal changes in pollution generation 

variables. Rather historical data are used to adjust environmental IO matrices to 

account for changes that have actually occurred in production (or consumption) 

behaviour in the target economy. For example, Weir (1998) looks at the impact on 

emissions generation of changes in input mixes in all sectors of the Danish economy 

over the period 1966 to 1988, during which time there was a general shift towards 

less energy-intensive production methods.

However, several of the applications reviewed in Chapter 3 do attempt to use IO 

methodology to model the likely impact of marginal changes in exogenous economic 

variables (e.g. final demand). Therefore in the conclusion to Chapter 3 I make the 

argument that adopting an environmental IO approach to modelling the impact of 

changes in economic behaviour might not be appropriate, particularly if the 

hypothesised disturbance to the system is likely to change relative prices. This would 

be expected if there are any constraints on supply in the economy. However, 

conventional IO systems are demand-driven, with the implication that the supply­

side of the economy is assumed to be entirely passive. It has been argued (Ghosh, 

1958) that it is possible to construct a supply-driven IO system . However, the 

problem still remains that IO models cannot deal with the simultaneous importance 
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of supply and demand m determining prices and quantities. Moreover, IO models 

assume universal fixed proportional (Leontief) technology, which implies zero 

substitutability among all inputs to production and consumption in response to any 
change in relative prices.

I make the argument that in these circumstances it would be better to adopt a less 

rigid CGE approach, which allows greater flexibility in terms of how behavioural 

relationships are modelled and the supply-side of the economy is represented. 

Therefore in Chapter 4 I go on to investigate the main issues involved in developing 

a more flexible computable general equilibrium (CGE) model that incorporates 

environmental elements such as different types of energy use and pollution 

generation. A number of existing economic-environmental CGE applications are 

reviewed with the purpose of identifying how the key environmental issues of energy 

use and pollution generation can be incorporated in a CGE modelling framework.

The core element of the study is the development of an empirical model of economy­

environment interaction that can be used to analyse the impact of policy intervention 

and other disturbances in a small open regional economy. The first stage in this 

process is construction of a comprehensive database describing the structure of the 

target economy in the chosen base year. This is the focus of Chapter 5, where I 

explain that the core element of a CGE modelling database is a social accounting 

matrix (SAM) for the target economy. A SAM incorporates a set of input-output 

accounts describing the production structure of the economy, augmented with 

information on flows of income between the main institutional transactors (i.e. 

households, firms, government and the external sector), patterns of consumer 

expenditure and capital formation in the economy. For economic-environmental 

modelling the main requirement is that the sectoral breakdown in the SAM should be 

sufficient to separately identify production and consumption sectors with distinct fuel 

supply/use and/or pollution generation characteristics.

1 The plausibility of supply-driven IO models has been severely criticised by Oosterhaven (1988, 
1989).
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The construction of the economic database for the target economy of Jersey is itself a 

key element of value-added from this study. Despite Jersey being a developed, self- 

governing economy, no national accounts have ever been constructed. Therefore, the 

construction of a CGE model of the Jersey economy has the added benefit of 

providing a set of national accounts for the base year, by providing a set of IO tables 

and facilitating the reporting of important economic indicators, such as GDP and 
GNP2.

2 As noted in Chapter 5 (Section 2), while I was not involved in the (economic) data collection process 
and only became involved in the construction of the IO accounts at the processing and balancing 
stage, I had primary responsibility for construction of the SAM for Jersey.
3 NAMEA stands for National Accounting Matrix including Environmental Accounts - see Chapter 6, 
Section 2.1.

In Chapter 6 I focus on the construction of the environmental component of the 

model database. This involves reporting data on environmental inputs (e.g. energy, 

water or other natural resource use) to and outputs (e.g. pollution) from each 

production and final consumption sector identified in the economic accounts. These 

accounts are then used to construct technical coefficients for economic- 

environmental relationships that exist in the target economy.

The construction of the environmental accounts for Jersey is also a key output in its 

own right. As I explain in Chapter 6 (Section 2.2), while the States of Jersey have 

engaged in significant attempts to report on environmental factors, this has never 

before been done in a format that is consistent with standard economic accounting 

practices. Jersey is not peculiar in this respect; indeed the issue of inconsistency 

between economic and environmental accounting is a common area of concern both 

to modellers (see Chapter 3, Section 5.2) and statisticians responsible for producing 

environmental accounts (see Chapter 5, Section 2.1). In response Eurostat (the 

statistical office of the European Union) has begun promoting the construction of 

what are referred to as NAMEA3 accounts. The idea of NAMEA accounting is to 

report both environmental variables (such as different types of energy use and 

pollution generation), in physical terms, and economic variables, in monetary terms, 

for a consistent sectoral breakdown. While Jersey is not a member of the European 

Union, the States have expressed a preference for adopting accounting practices that 
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are common to other European economies, particularly the UK. Therefore the 

economic-environmental database constructed in the NAMEA format (see Chapter 6, 

Section 3) is another valuable element in the development of the Jersey national 
accounts.

Generally, at least in a UK context, the construction and use of a region-specific 

economic-environmental database is unique and is one of the main elements of 

value-added produced by this study. As I explain in Chapter 1, there is significant 

current interest in developing economic-environmental accounting and modelling 

frameworks at the regional level in the UK as a result of the devolution of a 

significant degree of responsibility for setting and meeting sustainability objectives. 

Therefore the value-added from the region-specific database construction stage of 

this study is not limited to the target economy of Jersey. One of the issues faced by 

the agencies responsible for investigating the development of appropriate 

frameworks for analysis of economic-environmental issues at the regional level in 
the UK4 is the appropriateness of using region-specific data for accounting and 

modelling purposes. Given that comprehensive regional accounting (in terms of both 

the economy and the environment) has been limited in the UK, the example reported 

here is of significant interest.

4 As noted in Chapter 1, the National Assembly for Wales and English Regional Authorities have 
engaged in a joint consultation process with the UK Environment Agency on constructing an 
economic-environmental accounting and modelling framework. The Scottish Executive has set up its 
own Scottish Environmental Accounts Working Group (SEAWG), which I have been asked to 
participate in. The SEAWG is currently consulting with local agencies and academics and the 
Environmental Accounts Branch of the UK’s Office for National Statistics on the construction of an 
empirical economic-environmental framework that will incorporate, where possible, Scotland-specific 
data.

In particular, one of the key outputs of this study is the development of Jersey­

specific input-pollution and output-, or expenditure-pollution coefficients in Chapter 

6 (despite the fact that software constraints have prevented the application of the 

former in the initial version of the Jersey model — see Section 2 below). In Chapter 6 

(Section 5) I undertake an empirical investigation to assess the added precision from 

constructing region-specific technical coefficients for accounting and modelling 

economic-environmental relationships. This involves comparing the basic accounting 
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results that are found using the Jersey-specific coefficients against a set of 

coefficients constructed for Jersey using data on the average pollution intensities of 

equivalent activities in the UK. The main finding of this investigation was that 

differences in polluting technology in the UK and Jersey are such that significant 

gains in accuracy are achieved by estimating and using the Jersey-specific 

environmental coefficients. This particular element of the thesis, and its implications 

for regional accounting and modelling in general are further developed in Turner 
(2002).

In Chapter 7 I develop a regional environmental IO system based on the Jersey data. 

While I have argued here that environmental IO modelling is of limited usefulness 

for a supply-constrained economy like Jersey, the construction and application of the 

environmental IO system is in fact a valuable development. In Chapter 7 I propose 

that the availability of an environmental IO framework is extremely useful for 

descriptive analysis of the size and nature of environmental problems in the economy 

in the base year for which the accounts have been constructed. The environmental IO 

system constructed here for Jersey is particularly useful for this purpose for two 

reasons:

1. The accuracy that is gained from the use of region-specific economic and 

environmental data and technical coefficients.

2. The inclusion of direct emissions generated not only in production but also final 

consumption activities (tourism and household expenditure). Of particular 

importance is the estimation of the emissions intensity of final consumption by 

households in different income bands, which provides the basis for undertaking 

distributional analysis of environmental policy actions (such as taxes on energy 

use).

An important element of the work reported in Chapter 7 is the development of IO 

attribution methodology towards identifying consumption as the driver of pollution 
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generation. This is an important development, certainly from an environmental or 

sustainability perspective. Traditional IO attribution techniques implicitly adopt a 

Keynesian perspective, where exogenous (final) demand drives all activity, and 

therefore pollution generation in the economy. In Chapter 7 we see that this leads to 

a large proportion of pollution generation in Jersey being attributable to non-Jersey 
consumption demand.

This perspective may be appropriate if it is thought that economic activity is driven 

by external demand factors (e.g. export demand, central government). However, it 

also means that the pollution content of imports going directly or indirectly to Jersey 

local final consumption is not attributed at all. Therefore, the approach may be 

considered misleading, particularly by environmentalists, who would put human 

consumption (and consumption choices) at the centre of the pollution problem.

In Chapter 7 (Section 2.2.3) I argue that there would huge practical and conceptual 

problems in attempting to overcome the problem of the pollution content of imports. 

Therefore, I attempt to improve the concept of attribution by adopting a neo­

classical, rather than a Keynesian economic approach. This is the development of 

neo-classical linear attribution system (NCLAS). In the NCLAS system exports are 

treated as endogenous, with the implication that region exports only so as to finance 

its imports through an additional ‘trade’ sector. The identification of neo-classical 

output-pollution multipliers then allows all pollution generation in the economy to be 

attributed to local private (household) and public (government) consumption (both of 
which are determined, and can therefore be influenced, locally)5. However, in the 

conclusion to Chapter 7 I highlight the fact that this type of accounting exercise, 

which involves analysis of average behaviour at a given point in time, should not be 

confused with modelling the likely impacts of marginal changes in behaviour. As I 

have explained above, an IO system is a very limited economic model due to the 

assumption of universal Leontief technology and absence of a realistic representation 

of the supply-side of the economy.

5 The attribution analyses reported in Chapter 7, including the development of the NCLAS system 
have been developed in a conference paper of which I am a co-author (McGregor et al 2001a).

505



The implication that only demand matters” means that conventional IO modelling is 

often motivated in terms of large unemployment and excess capacity. However, in 

Chapter 7 I argue that this view of the economy is inconsistent with actual conditions 

in the Jersey economy, particularly with respect to the labour market, where there is 

almost zero unemployment and current population policy places significant 

constraints on the migration of labour into the economy. The latter point is also a 

problem for the alternative view that IO is applicable to pure demand disturbances in 

the long-run where free migration of labour and capital accumulation may be 

expected to relax short- to medium-run restrictions on supply (McGregor et al, 

1996).

In Appendix 7A I do make an attempt to overcome this problem within the IO 

framework by choosing a simulation strategy wherein the importance of the binding 

labour supply constraint is limited by holding total demand for labour constant. 

However, while this approach allowed the computation of an outcome that could be 

regarded as realistic for Jersey, in as much as it is within the feasible solution space 

implied by a long-run constraint on the supply of labour, the results are of limited 

usefulness to policymakers in Jersey. This is because what is missing is an 

explanation of how the economy adjusts to this new equilibrium. From the simulation 

questions introduced in Chapter 9 (for the CGE modelling application) it is clear that 

the States of Jersey, in common with most regional policymakers, are concerned 

about short run, as well as long run outcomes. Therefore an additional requirement is 

that it should be possible explicitly to model the adjustment process that takes place 

in response to any disturbance on a period-by-period basis. This is simply not 

possible in a standard IO framework.

Therefore in Chapter 8 I go on to develop an economic-environmental CGE 

modelling framework using the Jersey database constructed in Chapters 5 and 6. The 

motivation for this development is that a CGE model retains the multi-sectoral and 

data driven perspective of the IO system, but provides a richer, more theory 

consistent approach in which all relative prices and quantities are determined 
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endogenously and supply and demand in all markets are equilibrated simultaneously. 

In particular, adopting a CGE approach means that I can

• capture any regional competitiveness effects of demand disturbances

• analyse the impacts of supply-side policies

• accommodate relevant econometric analysis where it is available

• conduct full policy evaluation of how the economy adjusts to supply- or demand­
side disturbances over distinct time periods

The Jersey economic-environmental CGE model (JEMENVI) is constructed by 

applying the Jersey-specific database to an existing CGE modelling framework. This 

is the w-sector AMOS framework, developed at the Fraser of Allander Institute and 
originally calibrated on Scottish data6. In Chapter 8,1 explain that the main benefit of 

using the n-sector version of AMOS as a template for the new Jersey model is that 

this means we have a multi-sectoral modelling framework, which incorporates a wide 

range of possible model specifications. This is crucially important in the case of 

Jersey, where a lack of historical region-specific economic data makes the 

availability of a facility for comprehensive sensitivity analyses of model 

specification essential.

6 In fact one other output arising from my thesis, but not reported in depth, is the revision and 
updating of the Fraser of Allander Institute’s Scottish modelling framework. In Chapter 8, I explain 
that I have updated the Scottish SAM database using 1994 data for the 3-sector and n-sector AMOS 
modelling frameworks. In particular, I have developed the n-sector framework by adding an 
environmental component, based on UK average emissions data, to construct an economic- 
environmental CGE modelling framework for Scotland, AMOSENVI 94. Illustrative simulations 
using this framework are reported in a co-authored paper, McGregor et al (2001b). I have also 
developed a Scottish environmental IO system, based on the 1998 Scottish IO tables and the 1998 UK 
NAMEA tables. Attribution analyses using this system are reported in another co-authored paper, 
McGregor et al (2001c).

In Chapter 9 the new JEMENVI model is used to carry out a number of simulations. 

These illustrate the fulfilment of my objective in the present study. This objective is 

stated in Chapter 1 as constructing a model capable of tracking and explaining the 

movement of chosen environmental, or sustainability indicators in response to the 

use of policy instruments or other disturbances to the system. Therefore the 

simulations focus on tracking and explaining the impact on energy consumption and 
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pollution indicator variables resulting from several hypothesised disturbances to the 

Jersey economy. Specifically the scenarios simulated focussed on policy options 

relating to one of Jersey s key sustainability objectives — sustainable development 

under the constraint of limited population growth — under different hypotheses about 
demand conditions in the economy7.

7 In fact the issue of population has become such an important policy question in Jersey that the work 
I have done with the JEMENVI model in Chapter 9 is already being used to inform the policy debate 
in Jersey (see Fraser of Allander Institute, 2001b).

2. Suggestions For Future Research

I have identified four main areas in this dissertation as requiring further research and 
development:

1. More comprehensive sensitivity analysis of the JEMENVI model specification.

2. Development of a SAM-based attribution system for a small open regional 
economy such as Jersey.

3. More flexible modelling of energy-use and pollution generation in the generic 

AMOS/JEMENVI framework.

4. Incorporation of a wider range of individual and composite indicators in the 

AMOS/JEMENVI framework.

The first of these developments, the need for more comprehensive sensitivity 

analysis of the JEMENVI model configuration and specification outlined in Chapters 

8, Section 4.1. There I explain that no historical economic data are available for 

econometric estimation of parameter values or testing of model specifications. 

Therefore, there is a need for comprehensive sensitivity analysis. Some preliminary 

sensitivity analyses are reported in Chapter 9, Section 4. These focus on varying 

parameter values that are important in determining labour demand, and were selected 

for preliminary sensitivity analysis on the basis that the key factor determining the 

environmental impacts of all the simulations reported is the effect on the level of real 

consumer expenditure in Jersey. However, I have explained that, ideally, 
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requirements for fuller sensitivity analysis should be determined through interaction 

with policymakers in Jersey once they have interpreted and understood results 

reported for particular scenarios, such as the population policy simulations discussed 

in Chapter 9. Such interaction is likely to take place in the near future, and I hope 

that this will generate further simulations and development of the JEMENVI 

framework. Early discussions with the States of Jersey have already highlighted 

incorporation of the local housing market and disaggregation of the labour market to 

recognise different skills groups as key areas that are likely to impact on the basic 
simulation results reported here.

The second area where I recommend further research effort is discussed in Sections 

2.2.2, 3.2 and 4 of Chapter 7: this is development of a SAM-based attribution system. 

Section 2.2.2 discussed how it might be desirable to develop more consumption­

based measures of pollution generation. For example, a measure of ‘Gross National 

Pollution’ for the target economy (pollution generated directly or indirectly by the 

consumption of the residents of that economy) rather than the ‘Gross Domestic 

Pollution’ that can be measure in the environmental IO system (pollution generated 

by activity located in the economy). Analysis of the full pollution (and resource use) 

requirements of national consumption would require more information than is 

available in an environmental IO system. In particular, in Chapter 7, Section 3.2 I 

draw attention to the very limited treatment of household income and expenditure 

that is possible in an IO framework. The only element of household income that is 

recorded in an IO table is income from employment, with the implication that any 

household expenditure in excess of the value of income from employment must be 

treated as being determined exogenously. However, in reality we would expect other 

elements of household income to be determined endogenously, such as profit income 

from ownership or investment in local businesses or property. IO accounts do not 

record these types of income flows; however they are standard elements included in a 

SAM. Given the availability of a SAM (constructed in Chapter 5) and a 

comprehensive environmental database (Chapter 6) for Jersey in 1998, it should be 

possible to develop a SAM-based attribution system, and I hope that this can be done 

in the near future. However, as I have argued in Chapters 3 and 7, if we want to fully 

509



account for the pollution/resource use requirements of local consumption, an inter­

regional attribution framework would be required. I have argued that the data 

requirements render this an infeasible task for Jersey at the present time. However, I 

do hope to carry out some preliminary research in this area in the near future, most 
likely using Scottish regional and UK national data.

The third and main area where further development of the work presented here is 

required is the modelling of energy use and pollution generation in the Jersey CGE 

modelling framework. In the CGE literature review in Chapter 4 I identify the 

treatment of energy use as the key factor in modelling environmental problems. In 

Chapter 4 I report finding no general consensus as to exactly how the substitutability 

between different energy types and between energy and other production 

inputs/consumption commodities should be modelled. However, I conclude that this 

lack of consensus is mainly due to the practical difficulties in testing model 

specification, with the implication that the debate is largely centred on differences in 

judgement. A consensus does exist over the need to fully investigate the impact of 

different types of energy use on the environment.

In Chapter 6, where pollution generation in Jersey in the base year of 1998, is 

measured, I reported the finding that the fuel mix used in different activities is the 

dominating factor determining emissions of almost all the pollutants identified. This 

is reflected in the environmental coefficients used in the economic-environmental 

model for Jersey that is constructed and used in Chapters 8 and 9 respectively. 

However, as I explain in Chapter 8 (Section 4.1), what is missing from the 

JEMENVI model is any possibility for substitution between different types of energy 

and between energy and other inputs. This is because of the constraints of the 

existing modelling software that was available for the present study and the limited 

time available to complete it. Within the existing AMOS modelling framework 

(which provides the template for JEMENVI), multi-level production (and 

consumption) structures are used for each sector, with choices of CES, Cobb- 

Douglas or Leontief functions at each level (see Chapter 8, Section 2.1). However, 

the sparcity of the intermediate matrix in the Jersey database rules out the use of a 
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multiplicative functional form for the choice between intermediate inputs (including 

energy inputs). Therefore only constant fixed proportions Leontief technology can be 

used for this relationship. That is to say different types of energy and energy and 

non-energy inputs can only be treated as complements in production and 
consumption.

In Chapter 8 (Section 4.2) I explain that the main implication of this for modelling 

pollution generation is that it renders the use of the Jersey-specific mpMi-pollution 

coefficients determined in Chapter 6 redundant in the existing JEMENVI framework. 

This is because if there is a constant proportional relationship in the use of all 

individual energy and other intermediate inputs there are only limited possibilities for 

modelling changes in pollution levels due to the ‘input substitution’ effects defined 

in Chapter 4, Section 5.2. As I explain in Chapter 6, Section 4, the only possibilities 

for a change in pollution levels due to ‘input substitution’ effects under these 

conditions would be

(a) If CES technology is assumed for the production of gross output and there is 

substitution away from the composite intermediate good towards value-added 

(capital and labour).

(b) If there is substitution away from the local supply of energy commodities in 

favour of imports.

However, both these possibilities would be captured by the use of the 

output/expenditure-pollution coefficients derived for Jersey in Chapter 6, Section 4, 

because both involve a reduction in the scale of production in the local energy supply 

sector(s).

Therefore in Chapter 8, Section 4.2,1 conclude that it would be desirable to develop 

the JEMENVI software and model specification to allow a more sophisticated 

treatment of energy that would in turn allow effective modelling of input-pollution 

relationships. Given the general sparcity of the Jersey intermediates matrix, this 
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would most likely require separating energy commodities from other intermediates to 

allow substitution between different types of fuel before energy is combined with 

other intermediates and value-added in the production and consumption structures of 
the model.

My review of the economic-environmental CGE literature in Chapter 4 offers some 

suggestions as to how this type of development could be made. For example the 

specification adopted by Beausejour et al (1994, 1995) involves separately 

identifying a stationary energy block in the intermediates block of the production 

and consumption structures (see Figure 4.6 in Chapter 4). Within the stationary 

energy nest there are possibilities for substitution between what has been referred to 

in the Jersey case as the ‘non-motive’ energy types that are used for heating and 

lighting purposes. The stationary energy composite then combines with other 

intermediates (including ‘motor fuels’, referred to here as automotive fuels). 

Alternatively, models such as Bergman (1990, 1991) and Bohringer & Rutherford 

(1997) - see Figure 4.4 - model gross output as a combination of a non-energy 

intermediate composite and a value-added/energy composite wherein the aggregate 

energy commodity is substitutable with capital. Of course, this decision would 

require investigation of substitution possibilities in Jersey. In Chapter 8, Section 4.1, 

I explain that no historical data are available for econometric estimation of parameter 

values in the Jersey economic model constructed here. However, my discussions 

with fuel suppliers in Jersey (for the environmental database construction in Chapter 

6) suggest that some information may be available on historical uses of different 

types of heating systems and fuels that may permit estimation of substitution 

possibilities for domestic and commercial non-motive/stationary energy use.

I believe that one development that should be made for input-pollution modelling in 

JEMENVI is to disaggregate the ‘Oil & Fuel Distribution’ sector to separately 

identify the 6 individual fuel types that this sector supplies - automotive fuel, 

kerosene SGK, kerosene LSK, gas oil, light fuel oil and coal. (The seventh oil-based 

fuel identified in the environmental database construction — Chapter 6 - is heavy fuel 

oil, which is directly imported by the electricity sector and exclusively used in 
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electricity generation.) In Chapter 4 (Section 4.2), I explain that the most common 

breakdown of energy types is to identify oil, gas, coal (the three basic fossil fuel 

types) and electricity. However, it is also clear that, depending mainly on the purpose 

for which the model is being built (e.g. the impact of energy price changes, pollution 

generation etc) and on the specific patterns of energy supply and consumption in the 

target economy, there may be further disaggregation of energy types. In the case of 

Jersey and modelling pollution generation, I report (in Chapter 6, Section 3) that each 

of the 7 individual oil-based fuels have significantly different pollution 

characteristics, which depend both on the type of fuel used and the technology used 
to combust it.

Therefore one of my main recommendations is that the JEMENVI model be 

developed to separately identify coal, automotive fuel, kerosene SGK, kerosene 

LSK, gas oil, light fuel oil, heavy fuel oil, along with the existing gas and electricity 

sectors8. Moreover, I recommend that this development be accompanied by further 

research on how the model software and specification should be developed to 

incorporate a more sophisticated treatment of energy use. Software development will 

also be required to allow pollution generation to be modelled using equations (6.1) 

and (6.2) from Chapter 6, which contain the environmental coefficients necessary to 

model both input- and output-pollution relationships. This would allow me to model 

changes in pollution generation in Jersey due to the ‘composition’, ‘technology’, 

‘input substitution’ and ‘scale’ effects identified in Chapter 4 (Section 5.2).

8 In the present configuration of the Jersey environmental IO and CGE models an aggregate Gas, Oil 
& Fuel Distribution’ sector is identified. However, as I explain in Chapter 5 (Section 3.3) separate 
‘Gas’ and ‘Oil & Fuel Distribution’ sectors are identified in the 28-sector economic and 
environmental databases.

Implementing this type of development is likely to be important if an economic- 

environmental CGE model is to be used for analysing the potential impacts of 

environmental policy instruments. This is particularly important if policy is aimed at 

inducing substitution away from the use of certain types of inputs that are thought to 

have environmentally harmful properties. For example, carbon taxes are aimed at 

inducing substitution away from fuels with high carbon contents because there is a 
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direct relationship between carbon content and CO2 emissions (that is largely 

independent of combustion technology).

Similar types of development have been proposed elsewhere for the Scottish 

economic-environmental (AMOSENVI) framework, to allow modelling of policy 

instruments aimed at improving resource (particularly energy) efficiency and the 

UK s proposed Climate Change Levy9. The Climate Change Levy is an example of 

the use of carbon taxes to reduce emissions of CO2, the greenhouse gas with the 
highest emissions levels in the UK.

9 An ESRC-funded research programme on making these developments to the Scottish economic- 
environmental modelling framework is began in April 2002. This research is based in part on 
developing the work in this thesis and I have been appointed the research fellow on the project.

One other area of the proposed development of the Scottish modelling framework 

coincides with the fourth and final recommendation for future research identified at 

the start of this section. This is the incorporation of a wide range of sustainability 

indicators, including a measure of Green GNP. At the end of Chapter 2 (Section 8.2) 

I explain that I hope to develop the economic-environmental framework constructed 

here to incorporate a ‘quality of life’ indicator, such as an Index of Sustainable 

Economic Welfare (ISEW). One requirement for modelling this type of indicator is 

obviously as detailed and flexible a treatment as possible of energy use and pollution 

generation in the economy in order to maximise the usefulness and accuracy of the 

model outputs that may contribute to the measurement of the index. However, the 

main problem that I identify in Chapter 2 is the issue of determining what 

components should included in a quality of life indicator, or social welfare function, 

and what weight should be attached to each component. I argue that the composition 

of such an index should reflect the preferences of the people whose quality of life is 

being measured. This implies adopting some type of revealed preference approach. 

Therefore one potential area of further research is the possible use of the ongoing 

survey and consultation process in Jersey to investigate the formulation of a local 

quality of life or welfare indicator based on local preferences. If such an indicator 

could be incorporated in the JEMENVI framework it would be possible not only to 
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track and explain movements in the value of the index, but also to assess the 

implications of adjustments in its composition.

The model developments and recommendations for further research that I have made 

here focus empirically on the Jersey and Scottish economies. However, as I have 

argued throughout this thesis, all of these are relevant to any small open regional 

economy that is concerned with modelling economy-environment interaction for the 

purpose of analysing the types of policy options associated with the general objective 

of sustainable development. Ultimately, then a potential area of research is to apply 

the lessons learned here to other regional economies. In particular, I hope that my 

research will prove useful to the sustainability policy debate currently taking place at 
the regional level in the UK.
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Appendix 5A. Sample Questionnaire Used In The IO Primary Data 

Collection Process

The following is the general questionnaire used to gather data for the construction of 

the IO table in the interview part of the survey process. Specifically tailored variants 

were used for several sectors (the finance sectors, ‘Agriculture & Fishing’ and 

Wholesale & Retail Trade ). For the postal component of the survey process a more 
straightforward version was used.
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Strictly Confidential

JERSEY INDUSTRIAL SURVEY QUESTIONNAIRE (FOR 
INFORMATION PENDING INTERVIEW)

Note. The information given in this questionnaire will be available only to members of the 
study team and will be treated as strictly confidential. Results will be presented in such a way 
as to preclude the identification of any individual firm in your sector. As far as possible, 
information should refer to the calendar year 1998 and only to establishments located in 
Jersey. In the absence of complete data, estimates or informed guesses are perfectly 
acceptable.____________

This return should relate to the calendar year 1998. If it does not relate to this period, 
please state period covered:.................

SECTION 1 - GENERAL INFORMATION

Note: In answering questions 1.3 and 1.4 below, please select from the following list of

1. Quarrying (including sand and gravel extraction)
2. Manufacturing (including crafts and furniture-making, food processing and textiles, etc.)
3. Water collection, treatment and distribution
4. Electricity generation and distribution
5. Gas/LPG Distribution
6. Heating Oil Distribution
7. Petrol/Derv Distribution
8. Aviation fuel Distribution
9. Coal Distribution
10. Construction
11. Land Transport (Includes buses, coaches, road hauliers and taxis)
12. Sea and Air Transport
13. Transport Support (e.g. warehousing, harbour operation, travel agents) and Post
14. Telecommunications
15. Computer Services
16. Legal Activities
17. Accountancy
18. Other Business Services (estate agents, vehicle hire, management consultants etc.)
19. Public Administration and Defence
20. Education
21. Health and Social Work
22. Sewage and Refuse Disposal
23. Recreation, Culture and Sport
24. Other Service Activities (Sector includes laundries, undertakers, hairdressers, etc.)______
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Strictly Confidential

1.1 Please give your name and telephone number in case of any queries arising from 
your return.

Name:.................................................................... Tel. No.

1.2 Name of firm:

1.3 Principal activity of your firm:

1.4 Using the list of activities set out above please estimate the contribution of the 
principal and other activities to total turnover. Please specify all the other activities.

Activity % contribution to total turnover
(1) principal activity:
Other: 
(2)
(3)
(4)
(5)
(6)
Total 100%

1.5 Please give an estimate of the total rateable value of all of the non-residential 
properties you occupy in Jersey (including both land and buildings): £...................

1.5 a Please give total rates paid in 1998: £.................

1.6 Of the total use of non-residential buildings and other properties, what is the 
percentage share of the properties that are owned by your firm (in %)?...................

SECTION 2 - EMPLOYMENT

Note: Do not take account of short-term distortions caused by industrial disputes, etc. Part- 
time workers are defined as those not normally working for more than twenty-five hours per 
week. If you are unable to calculate the average employment during the year then please 
provide an estimate for a single month, e.g., June 1998._____________ __ _____________ „

2.1 Please give the average Jersey based employment in 1998 for the following types 
of staff:
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Strictly Confidential

Type of employment (a) full-time (b) part-time
(1) working proprietors/partners 

(excluding salaried directors)
(2) other self-employed 

(including salaried directors)
(3) non-seasonal employees
(4) seasonal employees

2.2 What was the average length of time in months that seasonal employees were 
employed for during the year?...................(months)

SECTION 3 - SALES, WORK DONE AND SERVICES RENDERED

Note: The turnover figure should include all sales made in the year of the survey whether or 
not the goods were produced in the year, plus work done and services rendered (such as 
repairs, installation and hiring out). The figure should be net of trade discounts, agents 
commissions and allowances on returned goods. If goods and services are sold outside Jersey, 
then give the Free On Board (FOB) value. The definition of tourists include all visitors, 
including business and conference visitors, from outside of the island. Please exclude sales of 
capital items, i.e, land and buildings, vehicles and plant machinery...................... ..... ................

3.1 Please give the total value of turnover and the main destinations of your sales 
during the year indicated.

(1) 
Total 
value of 
sales
(£ 000)

Estimated percentage of sales direct to:

Total

(2) Jersey 
businesses

(3) Jersey 
households

(4) Jersey 
government 
departments

(5) 
Tourists

(6) 
UK

(7) Rest 
of EU

(8) Rest 
of World

100%
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Strictly Confidential

SECTION 4 — PURCHASES FOR RESALE AND STOCKS

Note: Purchases for resale are those purchases that are made for the sole purpose of reselling 
to customers without any processing work by your firm involved.___________________

4.1 Please give the value of total purchases of goods for resale to customers:

(1) Total 
Value of 
Purchases 
(£ 000)

Estimated percentage of purchases direct from: Total

(2) Jersey 
Manufacturers

(3) Jersey 
Retailers

(4) Jersey 
Wholesalers

(5) UK (6) Rest of
EU

(7) Rest 
of World

100%

4.2 Please give the value of stocks of goods at cost price:

at beginning of year: £................. at end of year: £..................

4.3 What is your estimate of the average percentage change in the price of stocks 
from the beginning of the year to the end of the year (in %):.............

SECTION 5 -OPERATING EXPENDITURE

5.1 Please estimate the value of your purchases of goods and services (e.g., interest 
charges and leasing costs, etc.) and the proportions purchased from different 
sources.
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Strictly Confidential

Item Purchased (a) Value 
£000

Estimated percentage purchased from: Total

(b) Jersey 
Suppliers

(c)UK (d) Rest 
of EU

(e) Rest of 
WorldUtilities/Encrgy____________ __

(1) Electricity 100%
(2) Gas/LPG 100%
(3) Coal 100%
(4) Petrol & Derv_________ ___ 100%
(5) Heating Oil_____________ _ 100%
(6) Aviation Fuel 100%
(7) Water 100%
Materials_______________
(8) Printed Materials 100%
(9) Agricultural Produce 100%
Dairy Produce__________ 100%
Arable Produce_____ 100%
Horticultural Produce 100%
(10) Fish Products 100%
(11) Quarry Products (sand, 
gravel etc.)

ioo%
(12) Other Materials 100%
Business & Financial Services
(13) Banking Services 100%
(14) Insurance Services 100%
(15) Investment Trusts Services 100%
(16) Fund Management Services 100%
(17) Estate Agents Services 100%
(18) Legal Services 100%
(19) Accountancy Services 100%
(20) Computer Services 100%
(21) Business Services (e.g. 
Architects & Advertising)

100%

(22) Postal Services 100%
(23) Telecommunications 
Services

100%

Other Services
(24) Repair and Maintenance 100%
(25) Renting of Machinery 100%
(26) Hotel & Catering Services 100%
(27) Renting of Property 100%
(28) Vehicle repair and 
maintenance.

100% 100%

(29) Hired Transport (Land) 100%
(30) Hired Transport (Sea & Air) 100%
(31) Transport Support Services 100%
(32) Construction Work 100%

Waste Disposal ___
(33) Green Waste disposal 100%

(34) Sanitation disposal 100%

Others (specify) 100%

Total______________  _ __

Fraser of Allander Institute 542 General



Strictly Confidential

5.2 For waste disposal please provide 
following categories:

an estimate, in tonnes, for each of the

Waste Disposal Tonnes
(1) Green Waste
(2) Sanitation
(3) Other (please specify)

5.3 Please give total direct labour costs of all persons (including working proprietors 
and seasonal workers) for your firm. Please include overtime payments, bonuses as 
well as employers’ social security and occupational pension contributions. 
£ 

5.4 . Of the above total labour costs, how much would you estimate was paid to the 
seasonal employees (in %)?..................

SECTION 6 - CAPITAL EXPENDITURE & VEHICLE USE.

6.1 Please estimate both the value of all capital purchases made in 1998 and the 
proportions purchased from different sources.

(a) Value of 
Purchases 

(£ 000)

Estimated percentage purchased from: Total

(b) Own 
firm

(c) Other 
Jersey 
Firms

(d)UK (e) Rest 
of EU

(f) Rest of 
World

(1) Construction/refurbishment 
of buildings

100%

(2) Purchase of
V ehicles/machinery

100%

(3) IT Hardware 100%
(4) IT Software 100%
Others (please specify) 100%

Total Capital Expenditure

6.2 Please give the number of vehicles owned (or leased) by the company in 1998, of 
the following types:
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SECTION 7 - OTHER INFORMATION

Type of Vehicle Number
(1) Cars
(2) Vans____________
(3) Lorries
(4) Other (please specify)

Note: This section asks for various sources and uses of your current income. Although some 
information required in this section has already been asked above (e.g., rent and interest 
charges), the information required here is more detailed. Please note that in identifying the 
sources of your income, your trading profit, if any, is not required in the item “Other sources 
of income”. However, the item “Uses of income” should include the allocation of your 
trading profit.

The major sources of income that are required here include:

• Receipts of interests and dividends, and other non-trading income;
• Property income from abroad (net of taxes paid outside Jersey).

The major uses of income that are required here include:
• Payments of interests and dividends;
• Jersey taxes on income;
• Profits due abroad (net of Jersey taxes);
♦ Payments of royalties and licence fees;
• Current transfers to charities;
• Other transfers. __________________________________ ____________
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7.1 Other sources of income:

Income sources Value 
(£ 000)

Estimated percentage of income received from: Total

(a) Jersey 
businesses

(b) Jersey 
households

(c) Jersey 
government 
departments

(d)
UK

(e) 
Rest 
of EU

(f) Rest 
of 
world

(1) Rent 
received

100%

(2) Gross 
dividend and 
interest receipts

100%

(3) Other 
income received 
(e.g., property 
income from 
abroad. Please 
specify)

100%

7.2 Uses of income:

Income 
allocation

Value 
(£ 000)

Estimated percentage of income allocated to: Total

(a) Jersey 
businesses

(b) Jersey 
households

(c) Jersey 
government 
departments

(d) 
UK

(e) 
Rest 
of EU

(f) Rest 
of 
world

(1) Rent paid 100%
(2) Gross 
dividend and 
interest 
payments

100%

(3) Jersey taxes 
on income

100%

(4) Other 
payments 
(please specify)

100%

7.3 Of your total trading profits, how much would you estimate was transferred to the 
UK(in%)?...................

7.4 Of your total trading profits, how much would you estimate was transferred to the 
rest of the EU (in %)?..................

7.5 Of your total trading profits, how much would you estimate was transferred to the 
rest of the world (excluding the EU, in %)?...................
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Strictly Confidential

Thank you very much for your co-onpnuinn ,mip«Hnnnaire if vnn o r- ,, atl°n m assistm§ W1th the completion of this
questionnaire. It you have any further queries please contact*

Mr Gary Gillespie
Fraser of Allander Institute 
University of Strathclyde 
100 Cathedral Street 
Glasgow, G4 OLN
UK

PHONE (0141) 548 3694 
FAX (0141) 552 8347.
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Appendix 6A. Emissions Of Eipht Individual Air Pollutants In Jersey 

(1998) By Polluter Group And Source

In the tables contained in this Appendix I provide a summary of the emissions of each of 

the eight individual air pollutants identified in this study and estimated in Section 3 of 

Chapter 6. There are eight tables, one for each pollutant: 

6A.1 CO2 (carbon dioxide) as carbon

6A.2 CH4 (methane)

6A.3 SO2 (sulphur dioxide)

6A.4 NOx (nitrous oxides)

6A.5 NMVOCs (non-methane volatile organic compounds)
6A.6 CO (carbon monoxide)

6A.7 N2O (nitrogen dioxide)

6A.8 Black smoke

In each table I break emissions generation down both by the production or final demand 

sector where generation occurs and by each of the different types of polluting process 

(source) that I identify in the accounting process described in Section 3.
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Table 6A.1 Emissions Of CO2 (Carbon Dioxide) As Carbon By Polluting Sector (rows) And Source (columns) - kilograms

TJEL-USE/COMBUSTION RELATED EMISSION S 
Stationary

— NON-COMBUSTION RJELATED EMISSIONS TOTAL DIRECT 
EMISSIONS OF CO2 AS 
CARBON BY SECTOR

Waste Process emissions - Emissions from animal

electridty generation incineration solvent use and/or human waste

14876951
Agriculture & Fishing 3388181 0 11488771 988044
Quarrying 623911 1006« 354067 5833040
Total Manufacturing 2306830 124435 3401775

60737545
61192462

Electricity 454917 0 0 160447
Water 160447 0 0 130440
Gas 130440 0 0 228548
Jersey Telecommunications 221169 1585 5794 6065311
Construction 5760394 4467 300450 782433
Oil Sc Fuel Distribution 782433 0 0 8601617
Total Whoelsale & Retail Trade 7582288 111626 907704 9789897
Hotels, Restaurants & Catering 1725342 2096349 5933721 34486 1280799
Total Land Transport 1210730 0 70069 19478887
SATTS 704897 17443500 0 1330490 258970
Post 168533 0 90437 89617
Banks & Building Societies 6616 11001 72000 81883
Total Insurance Companies 81883 0 0 1117011
Investment Trusts & Fund Managers 876819 49081 191110 251098
Total Computer Services 248062 0 3036 277758
Total Legal Activities 251363 25905 53837
Accountancy 53837 0 0 958203
Other Business Activities 958203 0 0 1886954
Other Services Activities 1527207 1707 358040 1600810
Total Recreation, Culture & Sport 393097 610355 597358 1260709

Education 128299 562449 569765 3755255

Health & Sodai Work & Housing 258403 2349305 1147547
13832000

15097454

Public Services 36016 1069495 

322268

159943
25671

353719 
9007117

Public Admin & Defence

Household 1
Household 2
Household 3
Household 4 

Household 5 

Tourists

5910632 

15628114 

18818959 

24015008 

28810767
9101875

424765 

435784
540655 

1185448 
918772

2150388
3390450
3173993
4519552
11926412

521332
611831 

1196090

879533
453161 

0

----------------ñ------------- "T 0 1

20066179 
23729696 
30599540 
42109111

_______ 9101875________ 1

291065182 ~|

[Total Emissions by Source 1 132331449 1 17443500 1 10855519 1 52168542 1 3696627 60737545 13832000 1 0 1 u 1



Table 6A.2 Emissions Of CH4 (Methane) By Polluting Sector (rows) And Source (columns) - kilograms

FUEL-USE/COMBUSnON RELATED EMISSIONS PROCESS/NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT
Non-stationary Stationary EMISSIONS OF

OU use In Waste Process emissions • Emissions frnm animat METHANE BY SECTOR
PetroVderv use Aircraft movements Gas use Heating oil use Coal use electricity generation Indneration solvent use and/or human waste

Agriculture & Fishing 52239 0.00 10.96 794674.00 79520735
Quarrying 85.79 0.06 0.36 86.21
Total Manufacturing 330.22 0.71 3.32 33435
Electricity 107.75 0.00 0.00 62.73 170.48
Water 31.97 0.00 0.00 31.97
Gas 26.15 0.00 0.00 26.15
Jersey Telecommunications 23.41 0.01 0.01 23.43
Construction 180.69 0.03 031 181.02
On & Fuel Distribution 114.16 0.00 0.00 114.16
Total Whoelsale & Retail Trade 1658.40 0.63 0.93 1659.96
Hotels, Restaurants & Catering 418.86 1138 6.06 637 443.17
Total Land Transport 248.11 0.00 0.07 248.18
SAITS 13046 1305.00 0.00 136 1436.82
Post 6.24 0.00 0.09 633
Banks & Building Societies 2.86 0.06 0.07 2.99
Total Insurance Companies 35.62 0.00 0.00 35.62
Investment Trusts & Fund Managers 38147 0.28 0.20 381.94
Total Computer Services 9437 0.00 0.00 9438
Total Legal Activities 5849 0.15 0.00 58.64
Accountancy 2342 0.00 0.00 23.42
Other Business Activities 17948 0.00 0.00 179.48
Other Services Activities 286.07 0.01 032 28639
Total Recreation, Culture & Sport 58.84 346 0.61 62.91
Education 4.02 3.19 0.58 0.04 7.83
Health & Sodai Work & Housing 8.11 1332 1.17 2239
Public Services 1.13 6.06 0.16 3402.00 340936
Public Admin & Defence 0.18 1.83 0.03 2.03
Household 1 322837 241 2.19 96.26 18315.01 21644.74
Household 2 8537.36 247 3.45 112.97 18315.01 26971.26
Household 3 1028046 3.06 3.23 22034 18315.01 28822.61
Household 4 13118.97 6.72 4.60 16240 18315.01 31607.70
Household S 15738.81 5.21 12.15 83.67 18315.01 34154.84
Tourists 4972.19 8551.18 1352338_______

|Total Emissions by Source 1 6089533 1 1305.00 61.53 52.24 68234 1 62.73 1 3402.00 1 0.00 1 894800.22 | L 961261.78 1



Table 6A3 Emissions Of SO2 (Sulphur Dioxide) By Polluting Sector (rows) And Source (columns) - kilograms

FLEL-LSECOMBLSIION RELATED EMISSIONS PROCESS/NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT 
EMISSIONS OF 
SO2 BY SECTOR

Son-stationary Stationary
Process emissions- 

solventase
Emissions from animal 
and/or human waste

Oil use in 
electricity generation

Waste
IncinerationPetroi/derv use Aircraft movements Gas use Heating oil use Coal use

Agriculture & Fishing

Quarrying
Total Manufacturing
Electricity

Water
Gas
Jersey Telecommunications 

Construction

OU & Fuel Distribution
Total Whoelsale & Retail Trade 
Hotels, Restaurants & Catering 

Total Land Transport
SAITS
Post
Banks & Building Societies
Total Insurance Companies
Investment Trusts & Fund Managers

Total Computer Services
Total Legal Activities

Accountancy
Other Business Activities
Other Services Activities
Total Recreation, Culture & Sport

Education
Health & Social Work & Housing
Public Services

Public Admin & Defence

Household 1
Household 2
Household 3
Household 4
Households
Tourists

11745

307605 

1735

66503
0 
0 

0
28 

1472

0 

4448
29080
343 

6520
443
353

0
937
15 

0 

0 

0
18365 
2928

2792 

5624
784 

126 

501
789 

739
1052
2777

1060

6

16017
18798
36748
27023
13923

443513

1

307605 
1735

66503
443513 

0 
0

28 
1472

0
4448

30140
343

18265 1
443 |
353
°

937
15 
0 
0 
0 

18365 
2928 
2798 
5624
784
126

16518 
19587 
37487 
28075 
16700

__________ 0___________

(Total Emissions by Source 1 0 ( 11745 0 455962 ! 113574 1 443513 1 0 1 0 ) p 1 L 1024795________ 1



Table 6A.4 Emissions Of NOx (Nitrous Oxides) By Polluting Sector (rows) And Source (columns) - kilograms
IPROCESS/NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT

¡TJEL-USE/COMBUSTION RELATED EMISSION S 
Stationary

EMISSIONS OF 
NOX BY SECTOR

Waste Process emissions • Emissions from animal

Coal use electricity generation Incineration solvent use and/or human waste
______ Petrol/derv use

127371
Agriculture & Fishing 50715 0 76656 8957
Quarrying 7070 28 1859 34079
Total Manufacturing 

Electricity

12154
1917

351 

0

21573 

0 806291
808207 

783
Water 783 0 0 502
Gas 502 0 0 726
Jersey Telecommunications 691 4 30 14546
Construction 12955 13 1578 6197
Oil & Fuel Distribution 6197 0 0 58675
Total Whoelsale & Retail Trade 53593 315 4766 47580
Hotels, Restaurants & Catering 10427 5919 31157 76 7987
Total Land Transport 7619 0 368 357521
SATTS 6885 343650 0 6986 902
Post 427 0 475 444
Ranks & Building Societies 35 31 378 439
Total Insurance Companies 439 0 5839
Investment Trusts & Fund Managers 4696 139 1003 1242
Total Computer Services 1226 0

288 
3453 
8626 
6102 
4869 

13240

Total Legal Activities 

Accountancy
Other Business Activities

955
288 

3453

73 
0 

0

0 

0

Other Services Activities 5504 5

Total Recreation, Culture & Sport 1242 1723
1588 2992 0

Education
6633 6026 94941

Health & Sodai Work & Housing 581
3020

910

91000

Public Services 81
135 37127

Public Admin & Defence
1199 5257 1155 88915

Household 1 29515
1230 8289 1356 105910

Household 2 78040
1527 7759 2650 136266

Households 93974
3347 11049 1949 176623

Household 4 

Household 5 

Tourists

119921
143869

45451

2594 29157 1004

-------------------- ñ----------------------T n 1 r
________ 45451_________

_______ 2205893________ J

[Total Emissions by Source J________ 701508 1 343650 | 30651 1 224603 _________8190________ 806291 91000 1 V 1



Table 6A.5 Emissions Of NMVOCs By Polluting Sector (rows) And Source (columns) - kilograms

UEL-USE/COMBUSTION RELATED EMISSIONS_________________________________________ _________________________________ ______________________________________
PROCESS/NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT 

EMISSIONS OF 
NMVOC BY SECTOR

OU use In 
electricity generation

Waste 
incinération

Process emissions • 
solvent use

Emissions from animal 
and/or human waste

15089
Agriculture & Fishing 14225 0 864 2889
Quarrying 2856 4 29

59 12325
Total Manufacturing 11948 55 262 11072
Electricity 3946 0 0 1160
Water 1160 0 0 961
Gas 961 0 0 876
Jersey Telecommunications 875 1 0 7453
Construction 7426 2 24 3996
Oil & Fuel Distribution 3996 0 0 59443
Total Whoelsale & Retail Trade 59320 50 73

503
17050

Botels, Restaurants & Catering 15134 935 478 8931
Total Land Transport 8925 0 6 100305
SATTS 4498 95700 0 107 256
Post 249 0 7 115
Ranks & Building Societies 104 5 6 1298
Total Insurance Companies 1298 0 0 13933
Investment Trusts & Fund Managers 13896 22 15 3450
Total Computer Services 3450 0 0 2161
Total Legal Activities 2149 12 0 853
Accountancy 853 0 0 6615
Other Business Activities 6615 0 0

8 10577
Other Services Activities 10543 1 25 2504
Total Recreation, Culture & Sport 2184 272 48 465
Education 165 251 46 1473
Health & Sodai Work & Housing 333 1048 92

275800 276336
Public Services 46 477 13 153
Public Admin & Defence 7 144 2

7608 

8929 

17455 

12836
6613

111103

Household 1
Household 2
Household 3
Household 4
Household 5

103133
272690
328366
419030
502710
158816

189
194
241
529
410

173
272
255
363
958

68 1 o 1 r

282086
346318
432758
510691
158816

2403511 I

[Total Emissions by Source 1 1961910 1 95700 1 4841 1 4118 1 53948 7126 275800 u ------- 1



Table 6A.6 Emissions Of CO (Carbon Monoxide) By Polluting Sector (rows) And Source (columns) - kilograms
IPROCESS/NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT 

EMISSIONS OF 
CO BY SECTOR

TJEL-USE/COMBUSTION RELATED EMISSION S _____________________ ______ _____________________________________ ___ _____________________________________

Process emissions - 
solvent use

from animal 

and/or human waste

ion-stationary
Oil use in 

electricity generation

Waste 
incineration

Agriculture & Fishing

Quarrying
Total Manufacturing
Electricity

Water
Gas
Jersey Telecommunications 

Construction 

Oil & Fuel Distribution 

Total Whoelsale & Retail Trade 

Hotels, Restaurants & Catering 

Total Land Transport

SAITS
Post
Rank* & Building Societies

Total Insurance Companies 
Investment Trusts & Fund Managers 

Total Computer Services
Total Legal Activities

Accountancy
Other Business Activities 

Other Services Activities 

Total Recreation, Culture & Sport 

Education
Health & Sodai Work & Housing 

Public Services
Public Admin & Defence
Household 1
Household 2
Household 3
Household 4

Household 5 

Tourists

______ retroyoerv use

60950

14016 

65439
23977 

6829 

5717 

4552
14383 

21202
348940
91165 

52233
24870

624
667 
8327 

89164 

21945
13063 

5475
39000 

62159
12409

320
645
90

14
613894 

1623177 

1954587 

2494262
2992362 

945345

269700

0 

5 

57
0 

0
0
1
2 

0 

52 
967

0 

0 

0 

5
0
23 

0
12 

0 

0

282 

260 
1084 

494
149 

196 

201
250 

547 

424

4826 

99

1284 

0 

0 

0
2 
84

0 

254 

1662
20 

373
25 

20
0 

54
1 

0 

0 

0
211 

167 

160 

321
45
7 

401 

632 

591 

842 

2221

2292

13

34653 

40668

79504
58462 

30121

19821

1110900

65776 
14120 
66780 
43798 
6829 
5717
4554 
14469 
21202

349246 
96087
52253

294942
649 
692

8327 
89240 
21946 
13075 
5475

39000 
62370 
12858
752 

2051 
1111528

170 
649143 

1664678 
2034931 
2554113 
3025129
945345

r 13277245 |
(Total Emissions by Source | 11611801 ~ | 269700_______ |_________ 5010________ |------------- 14JUO------------ 1----------------------------------1------------------ - L - - '



Table 6A.7 Emissions Of N2O (Nitrogen Dioxide) By Polluting Sector (rows) And Source (columns) - kilograms

FUEL-USE/COMBUSTION RELATED EMISSIONS PROCESS/NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT 
EMISSIONS OF 

N2O BY SECTOR
Non-stationaiy Stadonaiy

Process emissions - 
solvent use

Emissions from animal 
and/or human waste

Oil use in 
electridty generation

Waste 
incinerationPetrol/derv use Aircraft movements Gas use Heating oil use Coal use

Agriculture & Fishing

Quarrying
Total Manufacturing
Electricity

Water
Gas
Jersey Telecommunications 

Construction

Oil & Fuel Distribution
Total Wboelsale & Retail Trade 

Hotels, Restaurants & Catering 

Total Land Transport
SATTS

Post
Banks & Building Societies
Total Insurance Companies
Investment Trusts & Fund Managers

Total Computer Services
Total Lega! Activities
Accountancy
Other Business Activities
Other Services Activities
Total Recreation, Culture & Sport 

Education
Health & Sodai Work & Housing 

Public Services
Public Admin & Defence
Household 1

Households
Household 3
Household 4
Household 5
Tourists

80.07

1435
50.63

835
333
2.60
5.05

14435 

17.40
150.03 

3235
2435
15.00 

431 

0.08 

1.03
11.06 

334 

4.74 
0.68 

19AS 

30.99
8.43 

332 
6A8 

0.90 

0.15
7434 

197.08 

23731 
302.84 

36331 

114.78

80.07 
14.35 
50.63 
8.55 
3.23
2.60
5.05

144.55 
17.40

150.03 
32.55 
2435 
15.00 
4.21 
0.08 
1.03

11.06 
3.54 
4.74 
0.68

19.45 
30.99
8.43
3.22
6.48 
0.90 
0.15

74.54
197.08 
23731
302.84 
36331
114.78

[Total Emissions by Source | 1933.18 | 0.00 | 0.00 | 0.00 | 0.00 I 0-00 I °-00 I °-00 I °-00 1 I 1933.18 1



Table 6A.8 Emissions Of Black Smoke By Polluting Sector (rows) And Source (columns) - kilograms

FUEL-USE/COMBUSTION RELATED EMISSIONS PROCESS/NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT 
EMISSIONS OF BLACK 

SMOKE BY SECTOR
Non-stationary Stationary

Process emissions • 
solvent use

Fml«lnn« from animiti 

and/or human waste
Oil use In 

electricity generation
Waste 

incinerationPetrol/derv use Aircraft movements Gas use Heating oil use Coal use

Agriculture & Fishing
Quarrying
Total Manufacturing
Electricity

Water
Gas
Jersey Telecommunications 

Construction
Oil & Fuel Distribution
Total Whoelsale & Retail Trade 

Hotels, Restaurants & Catering 

Total Land Transport
SATTS

Post
Banks & Building Societies
Total Insurance Companies
Investment Trusts & Fund Managers

Total Computer Services
Total Legal Activities
Accountancy
Other Business Activities
Other Services Activities
Total Recreation, Culture & Sport 

Education
Health & Social Work & Housing 

Public Services

Public Admin & Defence

Household 1
Household 2

Household 3
Household 4 

Households
Tourists

19575

53852

0 
0 
0 

53852
0 
0 
0 
0 
0 
0 
0 
0 

19575
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

__________ 0___________

|Total Emissions by Source 1 0 1 19575 0 0 0 1 53852 1 0 1 0 1 ____________0_____________1 1 ________ 73427_________ 1



Appendix 6B. Identifying And Adapting A Set Of UK Direct Emissions 
Coefficients As A Potential Proxy For Jersey-Specific Coefficients

1. Identifying_A Set Of UK Direct Emissions Coefficients For The Base­
Year 1998

In Section 2.1 of the main text (Chapter 6) I explain that the Environmental Accounts 

Branch of Office for National Statistics (ONS) has constructed a ‘trial NAME A table’ to 

report economic and environmental variables at a consistent 76-sector breakdown of the 

UK economy. The data included in the 76-sector trial NAMEA tables for the UK are 

organised over a time series for the years 1990 to 1998. For each year data are given on 

sectoral emissions of 18 individual pollutants, 3 composite pollutants, and several types 

of fuel use, all in physical terms for each of the 76 sectors and 2 domestic (household) 

categories, ‘travel’ and ‘non-travel’. In the main tables for each year, corresponding 

sectoral economic data are given on employment, value-added, intermediate 

consumption and gross sectoral output are given for each of the 76 production sectors. In 

the NAMEA table itself, the latter three variables are given in constant 1995 prices for 

the entire time series. This does not pose any serious difficulty though, since the raw 

current price data for each year are given in an appending sheet where the process of 

deflation to 1995 prices is carried out. I am able to take current price data straight from 

the 123-sector UK IO supply-use tables for each year. Thus, by a simple process of 

aggregating the sectoral output data to the 76-sector breakdown I have all the 

components required for the derivation of a set of sectoral output-pollution coefficients 

by the method described in equation (6.3) in the text. If I restate equation (6.3a) for the 

national case, for each sector, i, of the UK economy across each pollutant, k, the result is 

a Kxl matrix MiUK with elements

(6B.1) mk>iUK= Pk^/X^, V i = V k = 1,...,K
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Similarly, I define the matrix of final demand expenditure-pollution coefficients, MZUK, 
with elements:

(6B.2) mk,zUK = P^/C^, V z = V k = 1,...,K

The UK NAMEA data only record emissions data for one final demand sector. 

Therefore all elements in Mz will be equal to zero, except where z = households. 

Therefore effectively Mz collapses to an 18x1 vector of household pollution 

coefficients, nih . Note that one piece of information not included in the economic 

accounts of the trial NAMEA dataset is total consumer expenditure, Ch, for me to derive 

direct emissions coefficients for households of the form shown for final demand sectors 

in equation (6.4). As I note above, household emissions are recorded under two 

categories, ‘domestic - travel’ and ‘domestic — non-travel’; however corresponding 

figures for expenditure are not given. In order to produce a vector of household direct 

emissions (expenditure-pollution) coefficients, I must therefore aggregate the two 

emissions categories to give total emissions by households for each pollutant, and take 

the value of total consumer expenditure directly from UK IO tables for 1998.

Since direct emissions data are not given for any other category of final demand (e.g. 

tourist consumption), I am only able to derive UK direct emissions coefficients for one 
category of final consumption, the aggregate household sector1. This has the implication 

that if any other final demand sectors are responsible for direct emissions generation at 

the regional level, these will be ignored in any estimates using adjusted UK coefficients. 

In the case of Jersey, I identify tourists as important direct users of automotive fuels and 

generators of a number of traffic-related pollutants. Therefore, in Section 5 of the main 

text, I argue that this omission alone has serious implications for the accuracy of any 

1 Note however that direct emissions by tourists may be included in the domestic emissions figures that 
are reported in the NAMEA dataset and used here to determine the household expenditure-pollution 
coefficients. However, if this is the case it is not clear how these would be distinguished and separated 
from the emissions attributable to local consumers/households.
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accounting and or modelling that could be done using UK-adjusted pollution 
coefficients.

By quantifying equations (6B.1) and (6B.2) using data from the UK trial NAMEA tables 

I derive a set of (1998) UK direct emissions coefficients. This is composed of an 18x76 

matrix of output-pollution coefficients, for the generation of 18 individual air 

pollutants in each of the 76 production sectors and an 18x1 vector, mhUK, of household 
final demand-expenditure pollution coefficients.

2. Adapting The UK Average Direct Emissions Intensities To Proxy For 
Jersey-Specific Coefficients

The key advantage of the UK set of coefficients is the high level of sectoral 
disaggregation in the matrix MiUK of output-pollution coefficients. In Table 6B.11 show 

how the 76-sector classification of the UK NAMEA tables maps to the 123-sector SIC 

classifications used to identify the 123 UK IO sectors and the 91 sectors identified in the 

UKENA environmental accounts. The UK (1992) SIC codes are consistent with the 

1995 SIC listings published by the States of Jersey (JSIC), that I use to identify sectors 

in the standard Jersey IO tables for 1998. Therefore it is a relatively straightforward task 

to match the 76 NAMEA coded UK coefficients to the 25 Jersey sectors. I report the 

results of this process in Table 6B.2.

To use the UK coefficients at the regional level I do not simply apply matrix MiUK 

without adjustment. It must be adapted to reflect the composition of output in the 

regional economy. This involves the following steps:

1. I attach a weight of zero to the column vector of output-pollution coefficients for any 

sectors that are present in the UK economy but not in the Jersey economy.
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A”- ^»»micao)
NÂMËÂr-ËÂn-^nrÉ^^——----------------------------------NAMEA 

code
EA 

code
IO 

code
SIC(92), JSIC (95) 

code
Industry/activity description -----------------------------------------------------

2 2 2
1 Agriculture, hunting and related service activities '

3 3 3
forestry, logging and related service activities

4 4
Fishing, operation offish hatcheries and fish farms

10 Mining of coal, lignite and peat
5 5 11 Extraction of crude petroleum and natural gas

13 Mining of metal ores
7 7 7 14 Other mining and quarrying
8 8-19 15 Manufacture of food products and beverages
9
10

9
10

20 
21-27

16
17

Manufacture of tobacco products 
Textiles

11
12

11
12

28 
29-30

18
19

Manufacture of wearing apparel; dressing and dyeing of fur 
Leather tanning, luggage and footwear

13
14

13
14

31
32

20
21

Timber, wood products excl. furniture; cork and straw 
Pulp, paper and paperproducts

15 15 33-34 22 Publishing, printing and production of recorded material
16
17

16-18 
19

35
36

23 
24.11,24.12

Coke oven products, refined petroleum products, processing of nuclear fuel 
Industrial gases, dyes, pigments

18 20 37 24.13 Other inorganic chemicals
19 21 38 24.14 Other organic basic chemicals
20 22 39 24.15 Fertilisers and nitrogen compounds
21 23 40 24.16,24.17 Plastics, synthetic rubber, primary form
22 24 41 24.2 Pesticides, agro-chemicals
23 25 42 243 Paints, varnishes, printing ink etc
24 26 43 24.4 Pharmaceuticals and botanical products
25 27 44 24.5 Soap and detergents, cleaning and toilet preparations
26 28 45 24.6 Chemical products nes
27 29 46 24.7 Man-made fibres
28 30 47 25.1 Rubber products
29 31 48 25.2 Plastic products
30 32 49 26.1 Glass and glass products
31 33 50 262,263 Ceramic goods
32 34 51 26.4 Structural clay products
33 35 52 26.5 Cement, lime and plaster
34 36 53 26.6-26.8 Articles of concrete, stone, other non-metallic mineral products
35 37 54 27.1-273 Iron and steel
36 38-39 55 27.4 Non-ferrous metals incl aluminium
37 40 56 27.5 Casting of metals
38 41 57-61 28 Fabricated metal products, except machinery
39 42 62-68 29 Machinery and equipment
40 43 69 30 Office machinery and computers
41 44 70-72 31 Electrical machinery and apparatus
42 45 73-75 32 Radio, television and comms
43 46 76 33 Medical, precision and optical instruments, watches and clocks
44 47 77 34 Motor vehicles, trailers and semi-trailers
45 48 78-80 35 Other transport equipment
46 49-50 81-84 36,37 Manufacture of furniture, toys, sports equipment, other products and recycling
47 51-55 85 40.1 Electricity production
48 56 86 402,403 Gas distribution; steam and hot water supply
49 57 87 41 Water supply
50 58 88 45 Construction
51 59 89 50 Garages, car showrooms
52 60 90 51 Wholesaler trade and commission trade except motor vehicles

53 61 91 52 Retail and repair trade, except motor vehicles

54 62 92 55 Hotels and restaurants

55 63 93 60.1 Railways
56 64-68 94 602,603 Road transport (buses, coaches, tubes, trams, taxis, freight by road, pipelines)

57 69 95 61 Water transport

58 70 96 62 Air transport

59 71 97 63 Supporting and auxiliary transport activities, travel agencies

60 72 98-99 64 Post and telecommunications

61 73 100 65 Financial intermediation, except insurance and pension funds

62 74 101 66 Insurance and pensions

63 75 102 67 Activities auxiliary to financial intermediation

64 76 103-105 70 Real estate activities

65 77 106 71 Renting of machinery

66 78 107 72 Computer and related actvities

67 79 108 73 Research and development

68 80 109-114 74 Other business actvities

69 81-82 115 75 Public administration

70 83 116 80 Education

71 84 117-118 85 Health and veterinary services, social work

72 85-87 119 90 Waste services

73 88 120 91 Activities of membership organisations

74 89 121 92 Recreational, cultural and sporting actvities

75 90 122 93 Other service activities; dry cleaning, hair dressing, funeral parlours

76 91 123 95 Private households with employed persons



Table 6B.2 - SIC, EA and NAMEA Codings Used In Construction Of The Jersey 25-Sector Environmental IO Syst

Jersey 10 
sector

Description SIC classification NAMEA code 
(UK output-pollution coefficients)

1 Agriculture & fishing 01,05 1,3
2 Quarrying & Construction 14,45 7,50
3 Total Manufacturing 15-18,20,22,25-26,28-31,33,35,37 8-11,13,15,29,31,34,38-41,43,45,46
4 Electricity 40.1 47
5 Water 41 49
6 Gas and Oil & Fuel Distribution 40.2,50.50,52.48 48,51,53
7 JerseyTelecommunications 64.2 60
8 Wholesale & retail trade 50-52 51,52,53
9 Hotels, restaurants & catering 55 54
10 Land transport 60.2,60.3 56
11 Sea & AirTransport & Trans. Supp. 61,62,63 57,58,59
12 Post 64.1 60
13 Banks and building societies 65.121,65.21,65.22,65.233,65.234,65.235 & 65.236 61
14 Insurance Companies 66 62
15 Investment Trusts & Fund Managers 65.231,65.232,67 61,63
16 Computer services 72 66
17 Legal Activities 74.11 68
18 Accountancy 74.12 68
19 Other business activities 70,71, & 74.13 to 74.8 64,65,68
20 Other service activities 91,93 73,75
21 Recreation, culture, sport 92 74
22 Education 80 70
23 Health, social work & housing 85 71
24 Public Services 90 72
25 Public administration and defence 75 69________________________



Table 6B.3 Weights Applied In Adapting UK Output-PoIluHnnrA««i > _output Pollution Coefficients To The (25-sector) Jersey Environmental IO System

Sector Description
NAM EA code Weighting Weight

1 Agriculture & fid liny (Agriculture-SIC 1) 

3 (Fishing-SIC 5)
B 0.940

2 Quarrying & Cur isb uclioti 7 (Other mining and quarrying - S1C14)

50 (Construction-SIC 45)
A 0.055

3 Total Manufacturing 8 (Mfr of food products & beverages ■ SIC 15)

9 (Tobacco products - SIC 16)

10 (Textiles-SIC 17)

11 (Wearing apparel, dressing & dying of fur - SIC 18)

13 (Wood & wood products, except furniture - SIC 20)

15 (Publishing, printing & prod recorded material - SIC 22)

29 (Plastic products - SIC 252)

31 (Ceramic goods - SIC 2625)

34 (Articles of concrete, stone, other non-metallic metal products - SIC 26.6,26.7)

38 (Fabricated metal products, except machinery - SIC 28)

39 (Machinery & Equipment - SIC 29)

40 (Office machinery - SIC 30)

41 (Electrical machinery and apparatus - SIC 31)

43 (Medical, precision 8i optical instruments, watches & clocks - SIC 33)

45 (Other transport equipment - SIC 35)

46 (Mfr of furniture, toys, sports equip, other products & recycling - SIC 36,37)

B 0.449

0.009

0.021

0.004

0.005

0273

0.036

0.001

0.060

0.043

0.009

0.002

0.005

0.001

0.036

0.048

4 Electricity 47 (Electricity production) U 1.000

5 Water 49 (Water: collection, purification and distribution of - SIC 41 U 1.000

6 Gas, Oil & Fuel Distribution 48 (Gas: distribution of gaseous fuels through mains - SIC 402)

51 (Oil & fuel distribution - SIC 50.50,5248)

A 0341

0.659

7 JerseyTelecommunications 60 (Telecommunications - SIC 642) U 1.000

8 Wholesale & retail trade 52 (Wholesaler trade and commission trade, except of motor vehicles • SIC 51)

53 (Retail and repair trade, except of motor vehicles - SIC 52)

B 0.448

0352

9 Hotels, restaurants & catering 54 (Hotels and restaurants - SIC 55) U 1.000

10 Land transport 56 (Road Transport SIC 602,60.3) U 1.000

11 Sea & AirTransport & Trans. Supp. 57 (Water transport - SIC 61.1,612)

58 (Air transport - SIC 62)

59 (Supporting and auxilliary transport activities; activities of travel agents - SIC 63)

B 0207

0283

0310

12 Post 60 (Post-SIC 64.1) U 1.000

13 Banks and building societies 61 (Financial Intermediation, except insurance and pension funding - SIC 65.121,6521, 

6522,65233,65234,65235,65236)

U 1.000

14 Insurance Companies 62 (Insurance and pension funding, except compulsory social security ■ SIC 66 U 1.000

15 Investment Trusts & Fund Managers 61 (Investment trusts ■ SIC 65231,65232)

63 (Fund managers - activities auxilliary to financial intermediation - SIC 65)

A 0209

0.191

16 Computer services 66 (Computer and related activities - SIC 72) U 1.000

17 Legal Activities 68 (Legal activities - SIC 74.11) U 1.000

18 Accountancy 68 (Accountancy - SIC 74.12) U 1.000

19 Other business activities 64 (Real estate activities - SIC 70)

65 (Renting of machinery - SIC 71)

68 (All other ther business activities - SIC 74.13-742)

B 0.414

0.078

0307

20 Other service activities 73 (Activities of other memb. orgs not elsewhere classified - SIC 91

75 (All other service activities - SIC 93)

B 0.149

0251

21 Recreation, culture, sport 74 (Recreational, cultural and sporting activities ■ SIC 92) U 1.000

22 70 (Education-SIC 80) U 1.000

23 Health, social work & housing 71 (Health & vetinary services - SIC 85) U 1.000

24 Public Services 72 (Waste services - SIC 90) . . U 1.000

25 Public administration and defence 69 (Public administration ■ SIC 75) U 1.000

* Weighting of EA output-pollution coefficients accord ng to:

A Shares in output (as calculated in Jersey 10 tables)

B Shares in employment (using Jersey Manpower Database and UK labour intensity data)

C Unofficial output share estimates from States of Jersey

U Unweighted UK coefficients



2. I then aggregate the remaining sectors that are present in both economies to the 

sectoral breakdown identified in the Jersey IO tables (see Table 6B.2).

3. Finally, for each Jersey NAMEA sector, I weight the column vectors from matrix 

Mi according to the contribution of each component activity to the total output of 
the Jersey sector (see Table 6B.3).

The second and third steps are crucially important because the composition of output for 

each sector in the 25-sector breakdown identified for Jersey will differ from the 

equivalent sector if the UK tables were aggregated in the same way. While the pollution 

intensities are UK-specific, they are adjusted using region-specific output weights for 

Jersey. For example, suppose the ‘quarrying’ and ‘construction’ sectors in the UK 76- 

sector tables were aggregated to give a ‘quarrying & construction’ sector, as they are in 

the 25-sector Jersey tables. The shares in the output of this new composite sector from 

each of the two component sectors are not the same as in the Jersey case, which in turn 

means that the output-pollution coefficient for the composite sector will not be the same. 

This is made clearer if we consider each of the stages followed to determine the adapted 

output-polllution coefficients for Jersey:

(a) For both Jersey and the UK the ‘quarrying’ sector is defined as SIC sector 14 - 

‘Other mining and quarrying’ - with NAMEA code 7; the ‘construction’ sector is 

defined as SIC sector 45, with NAMEA code 50

(b) The gross outputs of these two sectors, and the composite sector in Jersey (from the 

1998 IO table) are
‘Quarrying’ - £12.58million
‘Construction’- £216.12million

‘Quarrying & construction’ - £228.70million
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For the UK (current price gross sectoral outputs from the NAMEA dataset2)

2 The UK NAMEA dataset does not report the complete UK IO tables for the time senes, 1991-1998, 
reported, instead giving just the key sectoral figures for intermediate demands, value-added and gross 
outputs.

- ‘Quarrying’ - £3,564million

- ‘Construction’- £102,274million

- ‘Quarrying & construction’ - £105,838million

(c) This means that the shares in the output of the composite sector, ‘quarrying & 

construction , of each of the component sectors, ‘quarrying’ and ‘construction’ are 

- For Jersey: ‘quarrying’ - 0.055, ‘construction’ - 0.945

- For the UK: ‘quarrying’ - 0.034, ‘construction’ - 0.966

(d) These output shares are then used as weights in applying the UK estimated output­

pollution coefficients to the new composite sector. Take for example the coefficient 
for CO2:

- The ‘quarrying’ sector, with NAMEA code 7, has an output-CO2 coefficient 

(kilograms per £million output) of 472,139

- The ‘construction’ sector, with NAMEA code 50, has an output-CO2 coefficient 

(kilograms per £million output) of 41,187

(e) Applying the economy- or region-specific output weights determined in (c) and the 

UK pollution intensities from matrix M;UK, this means that:

- The Jersey ‘quarrying & construction’ sector has the output-pollution 

coefficient/direct emissions intensity of 64,885 (kilograms of CO2 per £lmillion 

output)
- The UK ‘quarrying & construction’ sector has the output-pollution 

coefficient/direct emissions intensity of 55,839 (kilograms of CO2 per £lmillion 

output)
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Note that because the more CO2-intensive ‘quarrying’ activity has a larger output share 

in the composition of Jersey’s ‘quarrying & construction’ output than in the UK, not 

only are the UK-adjusted output-CO2 coefficients different in the two economies, but the 
Jersey sector is also more CO2-intensive.

By going through the process outlined in stages 1-3 above, I derive a kxi (18x25) matrix, 
Mi < of UK-adjusted output-pollution coefficients for Jersey (1998). As noted above, 

it is only possible to derive a single column vector of final demand expenditure-pollution 

coefficients, the vector mh of (aggregate) household coefficients. This enters the UK- 
adjusted matrix MZUK(Û) unweighted; all other elements of MZUK(Û) are equal to zero 

because the UK does report direct emissions by any other final demand sector.

However, as I explain in more detail in Section 5 of the main text, it is important to be 

aware of the assumptions that are implicitly imposed by the adoption of adjusted 

national coefficients at the regional level:

1. Identical fuel use patterns - i.e. the physical amount fuel used per £1 million 

output/expenditure by an equivalent sector (in terms of composition of output) is the 

same whether activity is located in the UK or Jersey.

2. Identical technology - i.e. the emissions factors stating how much pollution results 

from burning this fuel are the same in Jersey as would be found in the UK. Also non­

combustion related emissions (from production processes that do not involve 

burning fuel) are the same whether activity is located in the UK or Jersey.

The results of the process of adapting UK set of direct emissions coefficients to the 

Jersey case are an 18x25 matrix of output-pollution coefficients, Mi , for the 76 

production sectors identified across 18 individual pollutants and a 18x1 vector, mh , 

of household expenditure-pollution coefficients. I report a sub-set of this set of 

coefficients in Table 6B.4 (below). Here I show K = 7 pollutants, a sub-set selected on 
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the grounds that these pollutants are common to the Jersey-specific set of coefficients 

derived in Section 4 of the main text (and reported in Table 6.15).
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Table 6B.4 Direct Emissions (kilograms) Per £1mllllon Domestic Gross Output/Expendlture By Production Sector/Final Demand Group In Jersey 1998 - UK-Adjusted Pollution Coefficients

Sectors Agriculture Quarrying & Gas, OU & Jersey Wholesale & Hotels, Rest. Land Sea & Air Trans. Jersey Banks & Insurance

Pollutants & Fishing Construction Manufacturing Electricity Water Fuel Dlst. Telecom. Retail Trade & Catering Transport & Trans Supp Post Building Soc. Companies

Carbon dioxide (CO2) as carbon 299031.563 64885.109 125113.947 5419242.979 140999.450 82994.230 41178.590 64632.604 46813.553 905824.766 1076320.322 41178.590 31671.015 31876.938

Methane (CH4) 45639.383 10.041 7.950 677.470 10.193 9698.616 4.208 6.818 4.337 69.610 140.943 4.208 3.308 3.486

Sulphur dioxide (SO2) 461.228 45.152 179.098 38787.263 46.511 7.631 7.872 11.317 3.254 206.218 5142.681 7.872 5.387 4.715

Nitrous oxides (NOx) 2535.910 577.388 315.548 13239.631 611.910 263.610 169.199 337.049 106.858 6969.053 10293.171 169.199 93.258 101.043

Non-methane volatile organic compounds (NMVOC) 798.969 661.961 1535.914 277.689 710.354 2302.703 83.278 147.837 60.953 1527.275 1719.145 83.278 62.661 69.926

Carbon monoxide (CO) 3633.160 2831.311 174.179 2987.617 2492.157 921.681 530.921 862.976 461.007 5310.513 4028.012 530.921 492.910 551.903

Nitrogen dioxide (N20) 4430.079 16.264 2.270 235.550 14.717 2.983 1.889 3.325 1.426 33.340 47.130 1.889 1.477 1.644

Sectors Inv. Trusts & Computer Legal Other Bus. Other Service Recreation, Health, Social Public Public Admin. Aggregate

Pollutants Fund Mgrs Services Activities Accountancy Activities Activities Culture & Sport Education Work & Housing Services & Defence Households

Carbon dioxide (CO2) as carbon 29969.652 47955.810 30879.925 30879.925 33783.401 61805.817 42837.287 106543.696 48756.649 112325.472 130654.306 272303.887

Methane (CH4) 3.027 5.958 2.983 2.983 3.721 6.428 3.030 6.621 2.766 110683.646 6.315 91.375

Sulphur dioxide (SO2) 5.366 10.792 7.091 7.091 7.161 13.838 48.140 85.308 116.872 53.658 213.638 116.445

Nitrous oxides (NOx) 83.207 196.874 81.083 81.083 122.813 248.557 82.737 165.138 65.955 1250.808 580.108 900.204

Non-methane volatile organic compounds (NMVOC) 54.561 220.666 51.284 51.284 78.971 761.146 35.682 66.316 31.488 1324.955 34.330 1049.625

Carbon monoxide (CO) 428.086 1139.362 399.883 399.883 596.989 908.261 261.922 502.896 93.620 723.431 187.550 5500.410

Nitrogen dioxide (N20) 1.289 3.387 1.217 1.217 1.846 3.094 1.097 2.037 0.549 76.850 2.732 18.210



Table 6B.5 Total Direct Emissions (kilograms) In Jersey, 1998, Generated In The Production Of Sectoral And Total Output, And During Final Consumption By Households - Estimated Using UK-Adjusted Pollution Coefficients

Sectors Agriculture Quarrying & Qas, Oli & Jersey Wholesale & Hotels, Rest. Land Sea & Air Trans Jersey Banks & Insurance

Pollutants & Fishing Construction Manufacturing Electricity Water Fuel Dlst. Telecom. Retail Trade & Catering Transport & Trans Supp Post Building Soe. Companies

Carbon dioxide (CO2) as carbon 16971954 14839160 12567841 252990054 1758567 1234340 1751889 22740591 10485879 18418971 75372719 763168 35541036 955516

Methane (CH4) 2590327 2296 799 31627 127 144244 179 2399 971 1415 9870 78 3712 104

Sulphur dioxide (SO2) 26178 10326 17991 1810731 580 113 335 3982 729 4193 360132 146 6045 141

Nitrous oxides (NOx) 143929 132048 31697 618074 7632 3921 7198 118589 23935 141708 720812 3136 104654 3029

Non-methane volatile organic compounds (NMVOC) 45347 151390 154284 12964 8860 34247 3543 52015 13653 31055 120389 1543 70318 2096

Carbon monoxide (CO) 206205 647518 17496 139473 31083 13708 22587 303633 103262 107984 282074 9840 553141 16543

Nitrogen dioxide (N20) 251435 3720 228 10996 184 44 80 1170 319 678 3300 35 1658 49

Sectors Inv. Trusts & Computer Legal Other Bus. Other Service Recreation, Health, Social Public Public Admin. Aggregate Total

Pollutants Fund Mgr a Services Activities Accountancy Activities Activities Culture & Sport Education Work & Housing Services & Defence Households Emissions (kg;

Carbon dioxide (CO2) as carbon 8965657 850825 2641981 2625204 3038943 1571918 1831989 6562346 7714829 2985445 7453780 288424897 801059498

Methane (CH4) 906 106 255 254 335 163 130 408 438 2941808 360 96784 5830095

Sulphur dioxide (SO2) 1605 191 607 603 644 352 2059 5254 18493 1426 12188 123339 2408385

Nitrous oxides (NOx) 24892 3493 6937 6893 11047 6322 3538 10171 10436 33245 33095 953499 3163930

Non-methane volatile organic compounds (NMVOC) 16322 3915 4388 4360 7104 19358 1526 4085 4982 35215 1959 1111765 1916683

Carbon monoxide (CO) 128065 20214 34213 33995 53701 23100 11201 30975 14814 19228 10700 5826047 8660800

Nitrogen dioxide (N20) 386 60 104 103 166 79 47 125 87 2043 156 19289 296542



Appendix 7A. Impact Simulations Using the Environmental IQ 

System For Jersey

1. Use Of The Environmental IQ Model For Jersey

In this appendix I elaborate on a couple of “what if’ type impact simulations by 

undertaking some illustrative case studies using the Jersey environmental IO model 

constructed in Chapters 6 and 7. Specifically, I consider two examples of using the 

environmental IO model to simulate the impact of demand-side disturbances on 

sectorally disaggregated output, employment, value-added (GDP) and pollution 

generation following an external shock to one or more of the final demand sectors. 

As I explain in Chapter 7, Section 1, however, when interpreting the results of such 

simulations it should be borne in mind that the IO analyses are subject to severe 
restrictions:

1. IO models cannot capture price-induced substitution effects because all 

functional relationships are of the Leontief (constant proportions) form.

2. Because of the assumptions of a passive supply-side, a conventional IO system is 

not suitable for modelling situations where there may be supply constraints or 

where supply-side disturbances (including policies) may be important.

It has been argued by McGregor et al (1996) that, particularly in a small open 

economy context where medium- to long-run inter-regional factor mobility is likely, 

IO can be regarded as providing the ultimate solutions for a range of more complex 

regional/small open economy models. McGregor et al (1996) demonstrate that in a 

wide range of regional economic models, 1-0 accurately describes the long-run 

response of activity to a permanent change in aggregate final demand. They explain 

that many regional models do not operate as IO systems in the short-run, but may do 

so in the long run. This is particularly likely where there is only one non-produced 

primary input, labour, whose long-run supply is rendered perfectly elastic, through 

migration, and where the region is perfectly integrated into the national financial 
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markets. (By this reasoning the classical general equilibrium model, with a fixed set 

of factors, may be the opposite limiting case - Le. a short-run model.)

However if the labour supply is not perfectly elastic in the long-run 1-0 results will 

not be produced. This point is crucially important in the case of Jersey, where there 

are quite severe constraints on the operation of the local labour market. With 

virtually zero unemployment, and more unfilled vacancies than unemployment, 

Jersey typically operates at (or indeed above) ‘full-employment’. This implies that 

the economy certainly operates under a binding labour supply constraint in the short- 

run. However, unlike most regional economies, this constraint is unlikely to ease 

significantly in the long run, at least under the current policy consensus. McGregor et 

al’s (1996) argument regarding the long-run interpretation of IO results is most likely 

to hold where the labour supply is effectively rendered perfectly elastic in the long 

run through migration. However the current policy consensus in Jersey is that 

migration should be restricted in order to pursue the objective of keeping the resident 

population to the same level, or less than, it was in 19951. This implies that the 

economy operates under a binding labour supply constraint in the long run as well as 

the short run.

1 In 1995 the population of Jersey was around 85,000; in 1998 this figure had grown to around 89,000.

Therefore I would argue that there are crucial limitations in attempting to model any 

demand stimulus to the Jersey economy using IO techniques, primarily because 

labour market conditions in Jersey are simply not consistent with the IO view of 

perfectly elastic supply, even in the long-run. However, for the purpose of illustrating 

the type of impact analysis that is possible in the IO framework, I can choose a 

simulation strategy under which the importance of the binding labour supply 

constraint in Jersey is limited by holding total demand for labour constant.

2. Simulation Strategy And Impact Analyses

I undertake three illustrative simulations:
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Simulation 1: a 10% reduction in export demand for the output of the ‘Banks and 

Building Societies’ sector of the Jersey economy.

Simulation 2: a 10% increase in tourist demand for local output.

Simulation 3: an (adjusted) combination of simulations 1 and 2, assuming the 

objective of maintaining stable total employment on the Island.

In the first simulation, the direct impact of the shock is confined to the sector in 

question only. On the other hand, in the second simulation, the demand shock 

directly affects every sector that sells to tourists will be affected directly. I should 

point out that although the percentage changes of the external shocks are the same in 

both simulations, the implied absolute changes to final demand are very different. 

Therefore, the scales of the impact will also differ across these simulations.

2.1 Simulation 1: Contraction In Export Demand For ‘Banks & Building 

Societies’ Output

2.1.1 Economic Impacts

In Simulation 1, since the ‘Banks & Building Societies’ sector exports a total of 

£l,035.642million worth of output in the 1998 1-0 table (Table 5.3 in Chapter 5), a 

10% reduction in export demand means a £103.564million reduction in demand for 

this sector’s output. (I assume that the shock is distributed equally over the three 

export destinations, RUK, REU and ROW). Since the majority of ‘Banks & Building 

Societies’ output (92%) is in fact produced to meet export demand, this also equates 

to a 9.2% reduction in total demand for the sector’s output.

The direct employment effect is also confined to the ‘Banks & Building Societies’ 

sector. The 10% reduction in export demand corresponds to a 9.2% reduction in 
output and therefore a proportionate reduction in this sector’s employment. ‘Banks & 

Building Societies’ employment falls from 5757 to 5226 FTE employees, meaning 
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that the sector requires 531 (9 Ip««) mployees required to produce its output. 
This equates to a 1.13% reduction in total employment on the Island.

However, in addition to these direct impacts concentrated in the ‘Banks & Building 

Societies’ sector, there are farther indirect and induced impacts that ripple through 
the wider economy as a result of reduced rj cm OI reduced production of output and employment in 
the ‘Banks & Building Societies’ sector.

First of all, as ‘Banks & Building Societies’ reduces its level of output, it reduces its 

demand for the intermediate inputs it purchases from other sectors of the local 

economy, which, in turn, causes those sectors to contract their production of outputs. 

These indirect output effects of the demand disturbance are quantified using the 

Type I output multiplier for Banks & Building Societies’, which is the column total 

for this sector in the Type I Leontief inverse in Table 7.2 of the main text. The value 

of this multiplier is 1.012 (to 3 decimal places). By multiplying this by the value of 

the initial disturbance, £103.564million I find that the direct plus indirect impact of 

the demand shock is a reduction in aggregate production of £104.86million. More 

generally, the (Ixl) vector of the Type I output effect, AX1, is determined by the 

relationship

(7A.1) AX1 = P-A]4ACi(z)

Where ACj(Z) is an Ixl (25x1) vector representing the initial change in total final 

demand, Q, here limited to the change in demand from sector z = total export 
demand for the output of the ‘Banks & Building Societies’ sector. P-A]'1 is the Ixl 

(25x25) Type I Leontief inverse. AX1 is the resulting ixl (25x1) vector showing the 

Type I output effect, i.e. the total change in output (including direct and indirect 

effects) across all 25 sectors.
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Table 7A.1 Impact On Sectoral Output And Employment From A10% Contraction In Export Demand To The Banks and Building 
Societies Sector in Jersey, 1998

Sector

Output effects (imillion) Employment effects (FTE employees)
Direct 
impact

Direct + indirect 
impact

Direct + indirect + 
induced impact

Direct 
impact

Direct + indirect 
impact

Direct + indirect + 
induced impact

Agriculture & Fishing 0.000 -0.018 -0.169 0.0 -0.6 -6.1
Quarrying & Construction 0.000 -0.103 -1.033 0.0 -2.1 -21.4
Manufacturing 0.000 -0.148 -0.703 0.0 -3.1 -14.9
Electricity 0.000 -0.036 -0.695 0.0 -0.3 -6.3
Water 0.000 -0.002 -0.142 0.0 0.0 -1.3
Gas, oil & fuel distribution 0.000 -0.002 -0.229 0.0 0.0 -3.2
Jersey Telecommunications 0.000 -0.109 -0.811 0.0 -1.1 -8.5
Wholesale & Retail Trade 0.000 -0.021 -3.340 0.0 -0.4 -71.1
Hotels, Restaurants & Catering 0.000 -0.019 -1.195 0.0 -0.5 -32.1
Land Transport 0.000 -0.001 -0.064 0.0 0.0 -1.3
Sea & Air Transport & Transport Support 0.000 -0.036 -0.538 0.0 -0.5 -7.0
Jersey Post 0.000 -0.141 -0.281 0.0 -2.8 -5.5
Banks & Building Societies -103.564 -103.577 -104.787 -531.3 -531.4 -537.6
Insurance Companies 0.000 -0.006 -0.461 0.0 -0.1 -6.6
Investment Trusts & Fund Managers 0.000 -0.001 -0.006 0.0 0.0 0.0
Computer Services 0.000 -0.045 -0.090 0.0 -0.9 -1.8
Legal Activities 0.000 -0.351 -1.320 0.0 -5.1 -19.2
Accountancy 0.000 -0.037 -0.105 0.0 -0.5 -1.4
Other Business Activities 0.000 -0.184 -0.765 0.0 -4.5 -18.5
Other Services Activities 0.000 -0.012 -0.428 0.0 -0.4 -14.8
Recreation, Culture & Sport 0.000 0.000 -0.604 0.0 0.0 -12.5
Education 0.000 0.000 -0.491 0.0 0.0 -12.0
Health, Social Work & Housing 0.000 0.000 -1.784 0.0 0.0 -37.7
Public Services 0.000 0.000 -0.003 0.0 0.0 -0.1
Public Adminstration & Defence 0.000 -0.006 -0.163 0.0 -0.2 -4.4

Total -103.564 -104.856 -120.207 -531.3 -554.7 -845.4



In the second column of Table 7A1 I rennrt1  report how the Type I output effect of this1

I determine the distribution of the Type II output effect across the 25 production 

sectors by the same method as is in the Type I case. However, this time I estimate 

equation (7A.1) using the 26x26 version of the Leontief inverse, [I-A ] (Table 7.4 

main text), where household expenditure is determined endogenously. I report the 

results of this calculation, the ((I+l)xl) vector, AX2, of the Type II output effect, in 

the third column of Table 7A.1.

shock is distributed across the 25 productioil sectors (the first 

direct output effect is concentrated in the ‘Banks & Building Societies’ sector itself).

As implied by the low output multiplier value given by the column total of the Type I 

Uontief inverse in Table 7.2 (main text), the indirect impacts of the reduction in 

demand for ‘Banks & Building Societies’ output are relatively small (only 

accounting for 1.23% of the total Type I effect). This is because the ‘Banks and 

Building Societies’ sector does not have strong backward linkages with the rest of 

the Jersey economy (in fact, note from the bottom row of Table 7.2 that it has the 

smallest Type I output multiplier of all the 25 sectors of the Jersey economy).

However more significant effects are observed in the Type II case. As I explain in 

the main text of Chapter 7, as well as the direct and indirect effects discussed above, 

Type II analysis also incorporates consumption and income effects from changes in 

employment. That is to say, Type II analysis of the disturbance will also take into 

account the further induced impacts resulting from any change in income from 

employment paid to local households (used to finance household consumption 

expenditure in the economy). Using the Type II output multiplier for ‘Banks and 

Building Societies’ in the bottom row of Table 7.4, with value 1.378,1 find that that 

the full reduction in output in the economy resulting from the initial £103.564million 

drop in ‘Banks and Building Societies’ export demand is equal to £142.703million. 

(£120.207million of this is the value of the reduced output of the 25 production 

sectors, and the remaining £22.496million is reduced income from employment).
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! find that the sectors that experience the largest induced effects (the difference 

between columns 2 and 3 of Table 7A.1) are also the sectors shown to have the 

highest levels of consumer expenditure in the IO table (Table 5.3). These are 

‘Wholesale & Retail Trade’, ‘Health Social Work & Housing’, ‘Hotels, Restaurants 

& Catering’ and ‘Banks & Building Societies’ itself.

It is also possible to quantify the indirect and induced employment effects of the 

shock. I do this using the Ixl (25x1) vector of employment-output coefficients, X, 

with elements for each sector, i:

(7A.2) Xi = Ai/xi

Where Ai is the number of (full time equivalent, FTE) workers employed in sector i 

and Xi is the output of sector i (in £million); Xi tells us the number of workers required 

to produce one unit of output in sector i. The Type I employment effect, AA1, for 

each sector, i, is determined by multiplying that sector’s employment-output 

coefficient, Xi, by the Type I output effect, AX1:

(7A.3) AA1 = X.AX1

Thus I can determine the direct plus indirect impact on employment resulting from 

the reduced output levels in the ‘Banks & Building Societies’ sector itself and in the 

sectors it has backward linkages with. I report the Type I, direct plus indirect 

employment effects of the shock in the fifth column of Table 7A.1. Note, again, that 

the bulk of the Type I effect is concentrated in the ‘Banks & Building Societies’ 
sector. This reflects the finding reported above that the indirect effects of this shock 

are small, due to the fact that ‘Banks & Building Societies’ does not have strong 
backward linkages within the local economy. Thus, other local sectors do not have to 
reduce their employment by much to meet the reduction in intermediate demand 

from ‘Banks & Building Societies’.
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Figure 7A.1 Percentage Change In Sectoral Outputs, Employment And Value-Added In Response To A10% 
Reduction In Export Demand To The Banks & Building Societies Sector in Jersey, 1998
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Similarly, I estimate the Type II employment effects - i.e. the reduction in total 

employment resulting from the direct plus indirect plus induced output effects - by 

substituting the Type H output effect, AX2, into (7A.3). At the economy-wide level 

the full employment impact of the shock is 1.8% drop from the base figure of 47,111 

PTE’s to 46,266, with 64% of these jobs lost in ‘Banks & Building Societies’, but 

with reductions in employment in all sectors. In the final column of Table 7A.1 I 

show how the full employment effect is distributed across the sectors. Again notice 

that the largest induced employment effects can be found in the sectors with the 
highest level of consumer expenditure.

Notice that the actual drop in employment resulting from the shock is relatively small 

given the absolute size of the demand shock. This is because of the relatively high 

level of output per employee in the ‘Banks & Building Societies’ sector. The 

relatively level of average wages paid in this sector is what generates the large 

induced impacts observed here. What this means is that significant income and 

consumption effects could be expected to result from a fairly modest reduction in 

employment when activity in a high wage sector like ‘Banks & Building Societies’ 

contracts.

I summarise the results of this first simulation in terms of percentage changes from 

base in Figure 7A.1. These results also include the impacts on value-added. I 

calculate the value-added effects using an Ixl vector of value-added-output 

coefficients, m, that is determined in the same manner as the employment-output 

coefficients in (7A.2), but with total value added for each sector i, from the IO 

table (Table 5.3) in place of sectoral employment, Ai.

Note that in Figure 7A.1 the proportionate change in each variable at the sectoral 

level is the same. This is due to the assumption of universal Leontief (constant 

proportions) technology in the IO model.

Also note from Figure 7A.1 that while the inclusion of induced effects in the 

measurement of the total impact on all sectors does mean that the that the shock has
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significant effects across the whole economy the h.,11 „r „
in the ‘Banks & Building Societies’ sector’itself Th th "

J( ,t , ec«>r «self. The other sectors that are most
affected tend to be those with high levels of mn.. ,r t . °fC0nsumer expenditure. This is because 
of the significant consumption and income effects that result tv

,. ùat result from a shock such as
this one, which is directly targeted at a sector <i a sector where wage payments are high relative 
to its domestic intermediate demands.

2.1.2 Environmental Impacts

Above I have used the vector of employment-output coefficients, X, and the vector of 

value-added-output coefficients, m, to estimate the impacts on sectoral employment 

levels and value-added that result from the contraction in export demand to the 

‘Banks & Building Societies’ sector. Similarly, I can use the output-pollution 

coefficients that constitute the environmental component of the Jersey IO system to 
estimate the environmental effects of the shock.

In Chapter 6 (Section 5), I explain that total pollution generation can be estimated 

using the matrices of direct emissions intensities for the 8 individual and one 

composite pollutants (K=9) identified across the 25 production sectors, Mb and final 

household and tourist demand sectors, Mz, as follows:

(7A.4) P = Pi + Pz = Mj.X + MZ.CT

where P is a (Kxl) vector of total emissions of each of the K pollutants identified. 

Therefore the change in pollution generation resulting from changes in sectoral 

outputs is determined as:

(7A.5) AP = APi + APZ = MiAX + MZACT

Where AX will be the direct output effect (the initial change in final demand) — i.e. 

AX1, as determined in (7A.1), in the Type I case or AX2 in the Type II case. The last 

element of (7A.5) - the change in direct emissions generation by exogenous final 
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demand sectors - will apply only where the short t., 

that is responsible for direct emissions generation
demand shock in Simulation 2 below In Chant < t66’ ” eXamP'e’ the tourist

u • i ’ mess the shock involves an
exogenous change in household expenditure am k .
generation by households will be limited to the TypeT68 emiSS'°nS

expenditure is treated as being endogenously driven by wage ’T6'^ 
. r y by age mcome from the

production sectors. In Section 3.2 of the main text of Chanter 6 t t - k •
Type H case the Kxl (9x25) matrix M- of n t t , P “ *he

u v A 1 wo ™ ' °UtpUt-p°"ution “efficients is replaced
with a Kx(I+l) (9x26) matrix that includes a vert™ „r i, uuuoes a vector of household output-(wage
income)-pollution coefficients, mh.

There is an equivalent method of estimating AP: by substituting equation (7A.1) into 

(7A.5) for AX — AX in the Type I case (or AX = AX^ in the Type II case), we have

(7A.6) AP = APi + APZ = Mid-AJ^ACi + MZACT

In Chapter 7, section 3.21 explain that the Kxl (or Kx(I+l)) matrix of Type I (Type 

II) output-pollution multipliers, Mu (Mu), takes the form MiP-A]J (MiP-A*]'1)- 

Therefore it is also possible to determine AP by applying the matrix of output­

pollution multipliers, Mu (or M^), to the initial shock to final demand, Aci(Z):

(7A.7a) AP = APi + APZ = MnACi + MZACT

(7A.7b) AP = APi + APZ = MuACj + MZACT

I illustrate the impact on each of the environmental indicator (pollutant) variables of 

the changes in sectoral activity levels that result from the 10% contraction in export 

demand for ‘Banks & Building Societies’ output in Figure 7A.2.
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Figure 7A.2 Impact On 8 Individual And 1 Composite Environmental Indicators Of A10% Reduction in 
Export Demand To The Banks & Building Societies Sector in Jersey, 1998
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The interesting thing to note here is that induced poilution effects ahnost entirely 

account for the change in each of the environmental indicators that occur in response 

t0 this shock. The direct pollution impact comes solely from the ‘Banks & Building 

Societies’ sector, which is one of the least directly pollution intensive sector in the 

jersey economy (across all the pollutants identified here). Moreover, because the 

‘Banks & Building Societies’ sector does not have strong backward intermediate 

linkages in the local economy, the Type I (direct plus indirect) pollution impacts of 

the shock are extremely small (the largest impact is on emissions of black smoke, 
which fall by only 0.07%).

However the induced reductions in emissions in response to this shock are much 

more significant, ranging from a 0.57% reduction in total methane emissions to a 

1.67% fall in total carbon monoxide emissions in the Jersey economy. I report above 

that sectors with high levels of consumer expenditure show the biggest Type II 

output effects in response to a change in the level of activity in the ‘Banks & 

Building Societies’ sector. Consequently the pollution generation associated with the 

production of output in these sectors also falls in response to the shock. However, 

because households are themselves direct polluters, and indeed are directly 

responsible for a large share of total emissions of most of the pollutants identified 

here, the main factor driving the environmental results reported in Figure 7A.2 is 

changes in wage-driven energy consumption in the household sector.

2.2 Simulation 2: Increase In Tourist Demand For Local Outputs

2.2.1 Economic Impacts

In Simulation 1 the direct impact of the shock is confined to the sector the demand 

disturbance was focussed in. In this second simulation the shock is delivered across 

the board in line with the initial distribution of tourist expenditure in the economy, 
every sector that sells output to tourist demand will be directly affected. The direct 

output effect of the 10% increase in tourist expenditure on locally produced outputs 
is an increase of £20.242million distributed across the eleven sectors that directly 
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serve tourist demand according to the iniüa!^ .
first column of Table 7A.2 belowt Th« a- °UnSt expenditure (see the

the dlrect empiovmen. „
fourth column of Table 7A.2) fe the number of add’ ’ (reported the
produce these additional sectoral outputs. This ' H 1110031 empl°yees required 10 

and corresponds to a 1.09% increase in total eqUati°n

In order to meet this increase in final demand from tourists, the eleven sectors 

directly affected by the shock have to increase their input purchases from other 

sectors of the Jersey economy. This starts a r™i,.r stans a npple effect throughout the economy 
from the initial stimulus to tourist expenditure, as all sectors increase their input 

demand in order to increase their output to meet the additional intermediate and final 

demands. The result is a Type I output multiplier effect that affects 23 out of the 25 

production sectors in the economy, taking the actual increase in output, including 

direct and indirect effects, to £26.314milhon. I report the sectoral composition of the 

direct and indirect output effect and the additional employment required to produce 

this output in the second and fifth columns of Table 7A.2. The Type I employment 

effect equates to a 1.3% increase in total employment on the Island, the bulk of 

which, 66%, occurs in Hotels, Restaurants & Catering’, the sector where the largest 
share of the direct impact was felt.

There are also significant induced impacts from the tourism shock. However, the 

factors underlying the induced effects here are somewhat different to those driving 

the impact of the ‘Banks & Building Societies’ export demand shock in Simulation 
1.

First of all note that, while the percentage changes of the external shocks in the two 

simulations are the same, the implied absolute changes to final demand are very 

different. 10% of ‘Banks & Building Societies’ export demand (£103.6million) is 

more than 5 times greater than 10% of total tourist expenditure on local outputs 

(£20.4million). However, if we compare the total employment results in Tables 7A.1 

and 7A.2, note that the magnitude of the changes in employment resulting from the 

two shocks is quite similar in both cases. This is because the sectors that serve tourist 
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demand tend to be much more labour intensive ones e
effect results from a smaller absolute chane ' *' 3 S12e employment
bigger change in demand for ‘Banks & Building's"8' S mUCh

induced effects in this second simulation are driven 7716 °bSerVed

.„„„d ,h.. the te„, —■
Catering actually pays the lowest average sectoral ReS'aUran'’ *

I report the Type II output and employment effects in the third and sixth columns of 

Table 7A.2. The full increase in output in the economy resulting from the 

£20.242million tourist demand shock is £44.966million (£33.879million of this is the 

additional output by the 25 production sectors, and the remaining £11.086miUion is 

the increase in income from employment). This means that the 10% tourist demand 

shock has an output multiplier of 2.22, the full output effect being more than double 

the size of the initial stimulus. The Type II employment effect resulting from the 

direct, indirect and induced changes in output equates to a 1.6% increase in total 

employment on the Island.

In Figure 7A.3 I summarise the output, employment and value-added effects in terms 

of percentage changes from the base values for 1998 (again, the effect on each 

variable is the same in percentage terms, which is due to the assumption of universal 

Leontief technology). Note that, while the effects of the tourist demand shock are 

spread more widely across the economy than was the case with the shock in 

Simulation 1, which was directed at just one sector, the bulk of the impact does hit in 

two sectors in particular. These are ‘Hotels, Restaurants & Catering’ and Wholesale 

& Retail’: together these two sectors account for just over 90% of tourist demand for 

locally produced outputs. However, both of these sectors also have stronger 
backward linkages with the local economy than is the case with Banks & Building 

Societies’, which leads to more significant indirect effects than are observed in the 

first simulation.
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Table 7A.2 Impact On Sectoral Output And Employment From A 10% Increase In Tourist Demand For Local Outputs in Jersey, 1998

¡Sector

Output effects (¿million) Employment effects (FTE employees) |
Direct 
impact

Direct + indirect 
impact

Direct + indirect + 
induced impact

Direct 
impact

Direct + indirect 
impact

Direct + indirect + J 
induced impact |

¡Agriculture & Fishing 0.002 0.552 0.626 0.1 19.8 22.5
¡Quarrying & Construction 0.000 0.462 0.920 0.0 9.6 19.1
¡Manufacturing 0.480 0.772 1.045 10.2 16.4 22.2
¡Electricity 0.000 0.413 0.738 0.0 3.8 6.7 I
¡Water 0.000 0.077 0.146 0.0 0.7 1.4 1
¡Gas, oil & fuel distribution 0.044 0.156 0.268 0.6 2.2 3.7 I
¡Jersey Telecommunications 0.000 0.175 0.521 0.0 1.8 5.4 I
¡Wholesale & Retail Trade 3.453 3.659 5.294 73.5 77.9 112.7 1
¡Hotels, Restaurants & Catering 14.871 14.898 15.477 399.9 400.7 416.2 1
¡Land Transport 0.850 0.871 0.902 17.1 17.5 18.2 1
¡Sea & Air Transport & Transport Support 0.083 0.215 0.462 1.1 2.8 6.0 f
J Jersey Post 0.019 0.200 0.269 0.4 3.9 5.3 1
¡Banks & Building Societies 0.000 1.630 2.226 0.0 8.4 11.4 1
¡Insurance Companies 0.000 0.105 0.329 0.0 1.5 4.7 I
¡Investment Trusts & Fund Managers 0.000 0.009 0.011 0.0 0.1 0.1 1
¡Computer Services 0.000 0.065 0.087 0.0 1.3 1.7 I
¡Legal Activities 0.000 0.646 1.124 0.0 9.4 16.4 1
¡Accountancy 0.000 0.108 0.142 0.0 1.5 2.0 I
¡Other Business Activities 0.000 0.715 1.001 0.0 17.3 24.2 1
¡Other Services Activities 0.019 0.142 0.346 0.7 4.9 12.0 1
¡Recreation, Culture & Sport 0.378 0.379 0.677 7.8 7.9 14.0 I
¡Education 0.000 0.000 0.242 0.0 0.0 5.9 I
¡Health, Social Work & Housing 0.043 0.043 0.922 0.9 0.9 19.5 I
¡Public Services 0.000 0.000 0.001 0.0 0.0 0.0 I
¡Public Adminstration & Defence 0.000 0.024 0.101 0.0 0.6 2.7______ I
¡Total______________________________ 20.242 26.314 33.879 512.3 610.8 754.1 1



Figure A7.3 Percentage Change In Sectoral Outputs, Employment And Value-Added In Response To 
A 10% Increase In Tourist Demand for Local Outputs in Jersey, 1998
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Figure 7A.4 Impact On 8 Individual And 1 Composite Environmental Indicators Of A10% Increase In 
Tourist Demand For Local Outputs In Jersey, 1998
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X2 J Environmental Impacts

In Figure 7A.41 illustrate the environmental imnacts of u, . •
in the case of the ‘Banks & Building Societies’ de u o'*™ demaDd shock’ 

g societies demand shock, induced effects make
. « p,.p0™. „ tte m

empl0„, B J-

in tounst demand. However, in contrast to the first simulation, there are also 

significant direct and indirect pollution effects. One important factor is that tourists 

themselves are directly responsible for emissions generation, through their (human) 

waste generation and use of automotive fuels in driving private or hire cars during 

their visit to Jersey. For all pollutants except SO2 and black smoke, which tourists do 

not directly generate, direct emissions for tourists account for between 45% (NOX) 

and 93% (methane) of the total direct effects of the shock (and between 9% and 39% 

of the total (Type II) effects of the shock). The other factor influencing the size of the 

direct effect is that the main sectors which directly serve tourism, for example 

Hotels, Restaurants & Catering’, are important direct polluters (unlike ‘Banks & 

Building Societies’ in the first simulation). The indirect effects of the tourist demand 

shock are also significant because the sectors that directly serve tourist demand tend 

to have strong backward linkages in the local economy and relatively high Type I 
output-pollution multipliers.

2.3 Simulation 3: Using A Tourist Demand Stimulus To Offset The Negative 

Employment Effects Of A Contraction In ‘Banks & Building Societies Export 
Demand

I make the observation above that the magnitude of the changes in employment in 

the first two simulations is similar, despite the huge difference in the values of the 

shocks applied. This highlights another potential use for the IO model: looking at the 

net impact of simultaneous changes in demand, which is particularly useful if it is 

considered desirable to target one or more of the key economic variables.
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Suppose for example, that there is a policy objective tQ
Island constant. It is possible to adjust the percentage vZ nT emP10yment 0" 

shock in simulation 1 so that the full (Tyne in • • ° 6 t0UnSt expenditure
stimulus exactly offsets the negative effect of the ei”P10Wnt effeCt of this 

‘Banks & Building Societies. This illustrates a usefulX" f'T ‘°

that the IO model can be used for If for some ” P° a”alySIS exercise
demand in one sector, the model can ’be us^ 77 a *
w . r i, u v Mbe used to expfore options to offset the negative 

effects of such a shock, so as to maintain constant employment.

At the start of this Appendix I question the use of IO modelling techniques for a 

supply-constrained economy like Jersey because the inherent IO assumption of an 

entirely passive supply-side is inconsistent with actual conditions in the economy, 

particularly with respect to the labour market. However, if total employment can 

held constant the labour supply constraint will not be violated. Thus, when the IO 

model is used in this way the results are likely to be more useful to policymakers in a 

supply-constrained economy. (Nonetheless, the problems of fixed technology, the 

elasticity of supply in other markets, and more general supply-side issues such as the 
absence of any price-induced effects remain relevant).

Therefore in this third simulation I adjust the value of the tourist demand stimulus so 

that it just offsets the total (Type II) change in employment found for the 10% 

‘Banks & Building Societies’ export demand shock in Simulation 1 (meaning a 

change in tourist demand for local outputs of 11.2%2). The two shocks are then 

applied simultaneously.

2 This new value is calculated using the difference in the size of the = n.2.
in the first two simulations given the size of the initial tourist demand shock. (854.4/745.1)

2 3.1 Economic Impacts

In Table 7A.3 (below) I summarise the absolute values of the full (Type II) output, 

employment and value-added (GDP) effects resulting from the two demand 

disturbances across the 25 sectors of the Jersey economy. In the final three col
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Notice that while the total employment effect of the

change from base, there are negative net impacts 

the economy and on GDP because of the different 

the two shocks.

two shocks nets out to zero
on the level of output produced in 

composition and absolute value of

It is interesting to look at the composition of all three types of effect. First consider 
the composition of the employment effect. The net impact is no change in’ the level 

of total employment, with the 845 (FTE) jobs lost as a result of the ‘Banks & 

Building Societies’ demand shock being offset by 845 jobs gained as a result of the 

stimulus to tourist demand. However, there is an important redistribution of 

employment among the 25 production sectors, particularly away from ‘Banks & 

Building Societies’ and towards the ‘Hotels, Restaurants & Catering’ and ‘Wholesale 

& Retail Trade’ sectors. In the first simulation I find that employment in ‘Hotels, 

Restaurants & Catering’ and ‘Wholesale & Retail Trade’ is negatively affected by 

the ‘Banks & Building Societies’ demand shock because of the drop in consumer 

demand that results from reduced income from employment paid to households (the 

induced effect of the shock). However, here this local consumer demand effect is 

more than offset by the increase in non-local consumer (tourist) demand - i.e. the 

direct effects of the tourist shock (the induced effects of the ‘Banks & Building 

Societies’ shock still outweigh those of the tourist demand stimulus).

This reallocation of employment has important implications for Jersey GDP. Not 

only is labour productivity in sectors like ‘Hotels, Restaurants & Catering’ and 

‘Wholesale & Retail’ lower in terms of the value of output per (FIE) employee, but 

each additional job in these sectors produces much less total value-added than each 

job lost in the ‘Banks & Building Societies’ sector. Therefore the reallocation of jobs 

resulting from the attempt to compensate for the decline in total employment from 
export demand shock to ‘Banks & Building Societies’ by stimulating tourist demand 

results in a negative net impact on total GDP (a net reduction of 1.01%).

2 This new value is calculated using the difference in the size of the Type II employment effects found 
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Of course, this third simulation could also be carried out with the aim f. .
, , . . lile aim of keeping oneOf the other key economtc indicator variables constant. For examnk t Í • 

_ r ^^atffplc, if the objective
is a zero net impact on GDP, rather than employment the size „f m , ■ \ 

„ 1 ’ me Slze of the tourism shock
can be adjusted accordingly. However, in this particular case, maintaining a constant 

level of GDP in the presence of a 10% reduction in export demand to ‘Banks & 

Building Societies’, we would require a 46.2% increase in tourist demand3. 

Moreover, this would mean a net increase in employment of 5.6%, with 2638 new 

FTE jobs created on the Island, 1891 of which would be in the ‘Hotels, Restaurants 

& Catering’ sector, where employment would increase by 31.4%. Thus, the problem 

of using IO to analyse the impact of disturbances in a supply-constrained economy 
applies once again.

In Figure 7A.5 I summarise the sectoral output, employment and value-added effects 

of Simulation 3 in terms of percentage changes from the base values for 1998.

2.3.2 Environmental Impacts

In Figure 7A.6 (below) I report the net environmental impacts, in terms of the 

percentage change in emissions of the 8 individual and one composite pollutants, of 

the simultaneous disturbances in tourist and ‘Banks & Building Societies’ export 

demand. The first thing to note is that the magnitude of all the environmental impacts 

is much less than is observed in either of the first two simulations. This is because 

the presence of a negative and positive demand shocks together leads to the negative 

and positive environmental effects cancelling each other out to some extent. In terms 

of the direct environmental impact, the change in all the individual pollutant 

indicators and the GWP composite is very small, but with the all the net impacts 
being positive. In Simulation 1 I found that the direct pollution effects of the 

reduction in demand to ‘Banks & Building Societies’ were extremely small due to 

the low emissions intensities of producing output in this sector. The tourist demand 

shock, on the other hand, while having a smaller total direct output effect, has much

in the first two simulations given the size of the initial tourist demand shock. (854.4/ ) k of
3 Again, the size of the required shock is calculated using the difference in the value-added effects 
the two shocks, given the size of variable shock - (110.808/26.892) 11.
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more significant direct output-pollution effects because of the pollution 

activities directly associated with tourist expenditure. intensity of

When I take indirect effects into account the positive impacts on the environmental 

indicators is larger. Tins happens because the negative Type I output effects from the 

export demand shock to ‘Banks & Budding Societies’ are not enough to outweigh 

those from the tourist demand stimulus. I have explained that ‘Banks & Building 

Societies’ does not have strong backward linkages to the local economy. This has the 

implication that the Type I environmental effects from the ‘Banks & Building 

Societies’ shock are also relatively small (ranging from 0.01% to 0.07% change from 

base), and only slightly counteract the Type I environmental effects of the tourism 
shock.

However the net impact on all environmental indicators is reduced when induced 

effects are taken into account. This is particularly true in the case of three pollutants, 

NMVOC, carbon monoxide (CO) and N2O, whose generation (in Jersey) is mainly 

associated with automotive fuel consumption by local households. This reflects the 

fact that, despite total employment remaining unchanged, the higher wages paid in 

the jobs lost in the ‘Banks & Building Societies’ shock relative to those gained 

elsewhere from the tourist demand shock mean that the former has much larger 

income and consumption effects.

Generally, however, the results I report in Figure 7A.6 suggest that, in the long run, 

the total environmental impact of attempting to stimulate tourist demand in order to 

compensate for the employment effects of the ‘Banks & Building Societies export 
demand shock is likely be a net increase in pollution generation. This is because of 

the direct, indirect and induced pollution intensity of tourist expenditure, both in 

terms of the production activities that serve tourist demand, and of tourists own 
energy consumption activities during their stay in Jersey. My analysis of the 

economic impacts of the joint shock also suggests that the detrimental effect on the 

environment is likely to be accompanied by negative effects on aggregate production 

and GDP.
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Table 7A3 Total (Direct Plus Indirect Plus Induced) Impacts On Sectoral Output, Employment and Value-Added (GDP) Of A Demand Shift Between 'Banks & Building Societies' Export Demand And Tousist Demand For Local Outputs 

in Jersey, 1998

Sector

Simulation 3(a)

0% Contraction in Export Demand to 'Banks & Building Societies'

Simulation 3(b)

1131% Increase In Tourist Demand For Local Outputs

NET EFFECTS ON JERSEY ECONOMY

Output effect 

£miliion

Employment Effect

FTEs

Change in GDP 

£million

Output effect 

£miilion

Employment Effect 

FTEs

Change in GDP 

fmillion

Output effect 

fmiliion

Employment Effect 

FTEs

Change in GDP 1

fmillion 1

Agriculture & Fishing -0.169 -6.1 -0.102 0.702 253 0.425 0333 193 0323

Quarrying & Construction -1.033 -21.4 -0.797 1.032 21.4 0.796 -0.001 0.0 -0.001

Manufacturing -0.703 -14.9 -0.306 1.172 24.9 0310 0.469 10.0 0304 I

Electricity -0.695 -63 -0.426 0.827 73 0307 0.132 13
0.081 1

Water -0.142 -13 -0.069 0.164 1.5 0.080 0.022 03 I 0.011 I

Gas, oil & fuel distribution -0.229 -33 -0.096 0301 43 0.126 0.071 1.0 I 0.030 1

Jersey Telecommunications -0.811 -83 -0.486 0384 6.1 0349 -0.228 -2.4 I -0.136 I

Wholesale & Retail Trade -3.340 -71.1 -2.448 5.935 1263 4.352 2396 553 I 1.903 1

Hotels, Restaurants & Catering -1.195 -32.1 -0.795 17351 466.6 11342 16.156 4343 I 10.747 I

Land Transport -0.064 -13 -0.046 1.011 20.4 0.720 0.947 19.1 | 0.675 I
Sea & Air Transport & Transport Support -0.538 -7.0 -0.424 0318 6.7 0.408 -0.020 -03 1 -0.016 1

Jersey Post -0.281 -53 -0.222 0302 5.9 0338 0.021 0.4 | 0.016 1

Banks & Building Societies -104.787 -537.6 -99.661 2.495 12.8 2373 -102.292 -524.8 1 -97.287 I
Insurance Companies -0.461 -6.6 -0.346 0368 5.3 0376 -0.093 -1.3 I -0.070 1
Investment Trusts & Fund Managers -0.006 0.0 -0.005 0.013 0.1 0.010 0.006 0.0 I 0.005 I
Computer Services ■0.090 -1.8 -0.067 0.098 2.0 0.073 0.007 0.1 I 0.005 1

Legal Activities -1.320 -193 -1.177 1360 18.4 1.123 -0.060 -0.9 1 -0.054 1

Accountancy -0.105 -1.4 -0.089 0.159 23 0.135 0.054 0.7 1 0.046 1

Other Business Activities -0.765 -18.5 -0.646 1.122 27.1 0.948 0358 8.7 1 0302 /

Other Services Activities -0.428 -14.8 -0.387 0388 133 0351 -0.039 -1.4 1
-0.036 1

Recreation, Culture & Sport -0.604 -12.5 -0383 0.758 15.7 0.481 0.154 33 1 0.098 1

Education -0.491 -12.0 -0363 0371 6.6 0301 -0320 -5.4 I -0.163 1

Health, Social Work & Housing -1.784 -37.7 -1.338 1.034 213 0.776 -0.750 -15.8 I -0.563 I

Public Services -0.003 -0.1 -0.001 0.002 0.0 0.001 -0.001 0.0 1 -0.001 I

Public Admlnstration & Defence -0.163 -4.4 -0.127 0.114 3.0 0.088 -0.049 -13 1 -0.038 I

ABSOLUTE VALUE OF TOTAL CHANGE -120.207 -845 -110.808 37.981 845 26.892 -82.226 0 1 -83.916 1

PERCENTAGE CHANGE -3.66 -1.79 -4.17 1.15 1.79 1.01 -2.50 0.00 1 -3.16________ |
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Figure 7A.5 Net Impact on Sectoral Output, Employment And Value-Added Of A10% Contraction In 
Banks & Building Societies Export Demand And An 11.2% Stimulus to Tourist Demand For Local 

Outputs in Jersey, 1998
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Figure 7A.6 - Net Impact On 8 Individual And 1 Composite Environmental Indicators Of A10% Contraction In 
'Banks & Building Societies' Export Demand And An 11.2% Stimulus To Tourist Demand For Local Outputs in 

Jersey, 1998
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Appendix TB^Attribution Of Pollution^ .Tn T „
—— CHCId»ion in Jersey (joog

With UK-Adjusted Coefficients ------

In Section 5 of Chapter 6 ! consider the added precision gained from estimating and 

using the region-specific matrices Mi (also referred to as and Mz (M^ of 
output-pollution and final demand expenditure-pollution coefficients for'Jersey as 

compared to the adjusted-national (UK) matrices MiUK(û) and M UK(Û) I const t th 

Jersey-specific matrices using the sectoral emissions estimates that are derived from 

base year (1998) data on fuel use and polluting technologies employed by each 

production and final demand sector in Jersey (see Chapter 6, Sections 3 and 4). I 

construct the UK-adjusted matrices by estimating a set of UK direct pollution 

coefficients from data on sectoral outputs and emissions generation in the UK in 

1998, but adapt these using weights that reflect the composition of output at the 
aggregate and sectoral level in Jersey (see Appendix 6B).

My basic finding in Section 5 of Chapter 6 is that there are very significant 

differences in the sectoral emissions intensities across all pollutants given by the 

Jersey-specific matrices, Mi and Mz, and the UK-adjusted ones, and M2UK(0), 

both in terms of the absolute size of individual coefficients, and in terms of the 

relative intensities of different activities. The one definite explanatory factor I 

identify for this is that one of the assumptions necessary for using the UK-adjusted 

coefficients in Jersey - that equivalent production and final demand sectors in Jersey 

and the UK have identical fuel use intensities - is shown to be violated in the base 

year data.

I find that the differences in the Jersey-specific and UK-adjusted pollution 

coefficients lead to dramatic differences both in terms of estimates of total pollution 

generated at the sectoral and aggregate levels, and in the direct contribution of 

different production and final demand sectors to total emissions. However, I also 

argue that any errors in the absolute and relative emissions intensities could be 

expected to carry through to estimates of the indirect contribution of différé 
activities to the pollution problem in Jersey (1998). In the main text of Chapter 7 I 

594



conduct attribution analyses using the Jersey-specific
order to determine the indirect and induced m , x environmental 10 system in 

uucea contributions of differ,,,, ,
final consumption activities to total emi«t,„ ‘ Produ«ion and

, missions generation in Jerspv m .
this Appendix is to demonstrate that there would h • • y'My obJeclive in 
results if the analyses are dependent on the UK dlfferences in these

uk® r ii • UK-adjusted matrices ]VTUK(^)
Mz ( , of pollution coefficients. ’ and

In Section 3.2 of Chapter 71 use the matrices of Jersev r „
.... Type ! ,„„c ,0
, . u .. teaset of Type I output-pollution multiplierswhich give the direct plus indirect emissions intensity of each sector, product 

meet final demand. The Kxl (9x25) matrix of UK-ad^d Type I outpu,pollution 

multipliers, which I refer to as Mn®® is • ,1.1.1 , is defined in the same way as is shown for
the Jersey-specific case in equation (7.13) (Section 3.2), but substituting the UK 
adjusted matrix, M,™® of output-pollution coefficients for the Jersey-specific 

matrix

(7B.1) Mj™® = MiUK®[I-A]'1

I show the UK-adjusted matrices MiiUK(a) and Mi2UKW of output-pollution 

multipliers in Tables 7B.1 and 7B.2 (note that in Table 7B.21 do not show the vector 

of household multipliers because there is no final demand for household production). 

If these two matrices are compared with the Jersey-specific ones shown in Tables 7.3 

and 7.5 of the main text, it is clear that there are once again significant differences 
both in terms of the absolute size of the multipliers, and in terms of the relative 

intensities across sectors.

Where P-A]’1 is the Jersey-specific (Ixl) Type I Leontief inverse. The UK-adjusted 

(Kx(I+l)) matrix Mi2UK(a) of UK-adjusted Type II output-pollution multipliers is 

defined in the same way, but using the (I+l)x(I+l) Type II Leontief inverse where 

household expenditure is endogenised, defined in Section 3.2 as [I-A*]'1, and the 

(Kx(I+l)) matrix Mi(+h)UK(e), which includes a vector of household output-(income) 

pollution coefficients.
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Table 7B.1 Direct Plus Indirect Emissions Intensities (kg) Per £1 million Final Demand For The Outputs Of Local Production Sectors - With All Final Demands Determined Exogenously (UK-Ad)usted Type I Output-Pollution Multipliers)

Sectors Agriculture Quarrying & Gas, Oil & Jersey Wholesale & Hotels, Rest Land

I Sea & Air Trans

Jersey

I

Banks &

Pollutants & Fishing Construction Manufacturing Electricity Water Fuel Dlst. Telecom. Retail Trade & Catering Transport & Trans Supp Post Building Soc.

Carbon dioxide (CO2) as carbon 469493.334 96086.289 334776.944 5426977.508 404202.982 119113.064 122855.549 170264.780 195376.311 951568.711 1265891.586 135287.063 34567.901

Methane (CH4) 46268.160 73.519 5190.730 698.552 86.176 9788.943 139.637 116.537 1560.897 169.997 182.677 116.284 11.630

Sulphur dioxide (SO2) 1519.825 200.606 1376.335 38819.318 1808.958 195.850 466.167 693.126 904.173 452.115 6478.108 518.874 21.057

Nitrous oxides (NOx) 3020.547 693.779 1142.325 13279.195 1296.577 393.687 444.835 660.717 604.699 7128.934 10773.092 745.921 104.178

Non-methane volatile organic compounds (NMVOC) 931.190 727.016 1729.952 296.241 793.586 2389.907 190.594 206.306 185.050 1593.318 1757.524 213.587 67.197

Carbon monoxide (CO) 4093.411 3054.647 897.614 3040.427 2961.103 1183.890 886.264 1073.857 882.188 5485.415 4230.686 859.395 503.980

Nitrogen dioxide (N20) 4486.510 22.423 506.958 237.491 30.118 11.527 17.665 16.053 151.030 41.549 56.190 15.111 2.365

Sectors Insurance Inv. Trusts & Computer Legal Other Bus. Other Service Recreation, Health, Social Public Public Admin.

Pollutants Companies Fund Mgrs Services Activities Accountancy Activities Activities Culture & Sport Education Work & Housing Services & Defence

Carbon dioxide (CO2) as carbon 64913.491 55715.900 89085.398 71660.628 69774.101 65427.696 111826.107 195790.945 178220.621 152296.811 357851.782 162813.660

Methane (CH4) 69.523 103.491 60.782 84.777 46.604 72.375 78.277 1039.681 88.361 210.954 110940.174 44.011

Sulphur dioxide (SO2) 170.116 135.693 265.421 253.511 223.023 181.549 327.018 1020.220 516.577 750.911 1526.874 421.346

Nitrous oxides (NOx) 216.871 182.580 327.403 202.473 206.953 216.231 440.752 547.289 397.026 386.663 2054.652 674.231

Non-methane volatile organic compounds (NMVOC) 118.393 102.804 251.729 93.557 91.595 116.746 802.320 153.432 142.999 123.617 1565.274 64.815

Carbon monoxide (CO) 720.924 527.164 1238.424 508.172 556.100 713.899 1003.973 670.111 797.410 383.927 1567.118 294.870

Nitrogen dioxide (N20) 9.029 11.505 9.333 10.140 6.669 8.940 8.810 99.154 8.257 17.139 92.808 5.097



Table 7B.2 Direct Plus Indirect Plus Induced Emissions Intensities (kg) Per £1 million Final Demand For The Outputs Of Local Production Sectors - With Wage-Related Household Expenditure Determined Endogenously (UK-Adjusted Type II

Sectors Agriculture Quarrying & Gas, Oli & Jersey Wholesale & Hotels, Rest Land Sea & Air Trans Jersey Banks &

Pollutants & Fishing Construction Manufacturing Electricity Water Fuel Dlst. Telecom. Retail Trade & Catering Transport & Trans Supp Post Building Soc.

Carbon dioxide (CO2) as carbon 892889.642 372243.148 670495.650 5624129.928 663275.018 396033.047 373936.526 445764.223 461282.594 1230799.463 1508133.772 557257.217 142040.904

Methane (CH4) 46726.884 372.718 5554.460 912.155 366.865 10088.969 411.668 415.024 1848.990 472.526 445.132 573.463 128.070

Sulphur dioxide (SO2) 2713.515 979.181 2322.833 39375.154 2539.365 976.576 1174.045 1469.848 1653.848 1239.356 7161.066 1708.543 324.057

Nitrous oxides (NOx) 4465.261 1636.082 2287.865 13951.919 2180.583 1338.594 1301.574 1600.777 1512.025 8081.726 11599.672 2185.769 470.898

Non-methane volatile organic compounds (NMVOC) 2005.861 1427.962 2582.078 796.656 1451.166 3092.789 827.891 905.583 859.978 2302.065 2372.387 1284.638 339.987

Carbon monoxide (CO) 9357.947 6488.399 5071.962 5491.833 6182.421 4627.130 4008.221 4499.434 4188.483 8957.388 7242.740 6106.198 1840.306

Nitrogen dioxide (N20) 4536.092 54.762 546.272 260.578 60.457 43.955 47.067 48.315 182.168 74.248 84.558 64.526 14.951

Sectors

Pollutants

Insurance

Companies

Inv. Trusts &

Fund Mgrs

Computer

Services

Legal

Activities Accountancy

Other Bus.

Activities

Other Service

Activities

Recreation,

Culture & Sport Education

Health, Social

Work & Housing

Public

Services

Public Admin.

& Defence

Carbon dioxide (CO2) as carbon

Methane (CH4)

Sulphur dioxide (SO2)

Nitrous oxides (NOx)

Non-methane volatile organic compounds (NMVOC)

Carbon monoxide (CO)

Nitrogen dioxide (N20)

478874.567

518.025

1337.205

1629.390

1169.115

5868.142

57.505

288908.432

356.141

793.138

978.280

694.696

3426.695

38.813

355197.998

349.098

1015.678

1235.433

927.180

4547.285

40.496

387980.685

427.491

1145.318

1281.821

896.445

4441.315

47.182

403286.656

407.944

1163.302

1344.966

938.122

4703.016

45.725

458792.077

498.561

1290.569

1558.469

1115.189

5605.016

' 55.005

474950.922

471.700

1350.783

1679.808

1724.009

5519.089

51.333

504022.927

1373.632

1889.225

1599.039

935.791

4502.686

135.249

670422.764

621.632

1904.252

2076.519

1392.314

6917.482

65.897

541896.266

633.062

1849.316

1716.055

1112.504

5228.231

62.763

780202.817

111397.765

2717.617

3495.799

2637.291

6818.657

142.268

692874.828

618.300

1915.758

2482.907

1410.224

6885.683

67.170



Figure 7B.1 Type I Pollution (NOx) Multipliers - Estimated Using Jersey-Specific And UK-Ajusted 
Output-Pollution Coefficients
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Figure 7B.2 Type II Pollution (NOx) Multipliers - Estimated Using Jersey-Specific And UK-Adjusted 
Output-Pollution Coefficients
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In Figures 7B.1 and 7B.2 I illustrate the extent of the d‘ 
adjusted and Jersey-specific measures for the Type / betWeen the UK' 
for the individual pollutant NOX. a"d Type 11 cases respectively

I find that this type of divergence for a number of the sectors, particularly tho
belong, along with ‘Banks & Building Societies’, to the broad ‘finance and related

Note that I do not the output-pollution multipliers themselves 
in Figures 7B.1 and

7B.2. The output-pollution multipliers state the amount (in kii0 
generated in the economy per «million of final dema„a r °f P°'1Uii°n
I report the ‘pollution multipliers’, which show th ” s60'0™1 °UtPUtS' 

——
by each sector r (srmrlar to employment or income multipliers) These are LT 

Mn/Mi in the Type I case and in the Type II case and • “
. .. . ase’ and g!ve us an idea of the

of dirccl „Mve 10 M ?

For example, according to the Jersey-specific measure a sector like ‘Banks & 

Building Societies’, which has a relatively low direct NOx-intensity, has relatively 

large NOX pollution multipliers. What the pollution multiplier value tells us is how 

much of the total amount of NOX generated to the sector in the base year (1998) is 

generated by the sector itself or elsewhere in the economy (whether that total is high 

or low). For example, in the Type I case, Figure 7A.1 tells us for every 24kg of NOX 

generated by ‘Banks & Building Societies’, only 1kg of this is directly generated in 

the sector itself. The rest is NOX embodied in goods and services that it buys from 

other local sectors for use as inputs as to production. This is according to the Jersey­

specific measure; however, according to the UK measure, the value of the NOX 

multiplier is only 1.18, suggesting that almost all the NOX generated by ‘Banks & 

Building Societies’ is directly generated within the sector itself. In the Type II case 

(Figure 7A.2) the problem is even more pronounced, with the Jersey-specific 

measure showing an NOX multiplier of 696 kilograms of total NOX emissions being 

generated by ‘Banks & Building Societies’ for every 1 kilogram directly generated, 

while the UK-adjusted figure is only 5.05.
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activities’ sector of the Jersey economy - ‘Insurancand Fund Managers’, ‘Legal Activities’ and ‘Account 'hvestment Trusts 

7B.1 and 7B.2 tell us is that the importance attachedGenMaUy’What Figures 

effects respectively in explaining the amount of pollution and ind“«d
by individual sectors varies markedly depending on 8e*rated in the economy 
UK-adjusted measures are used. However ™ WhethW ^^'Wific or 

... . ’ e en the important «r rrelated activities m Jersey, I would argue that it is of part' i ™ancial and 
significant errors using the UK-adjusted set are foundT  ̂COnCen’ 'hat ‘he “°St 

vuuu in tnis area.

In Sections 33-3.4 of Chapter 7 ! use the Jersey« output-pollution multipliers 

to attribute total pollut.on in the economy to final demand by commodity (defined bv 

the production sector that sells the commodity to final demand) and by categor 

(defined by the final demand sector that consumes locally produced commodities) 

Here I report the results of repeating this exercise using the UK-adjusted output- 

pollution multipliers in place of the Jersey-specific ones.

In Section 3.3 I explain how total emissions attributable to each production sector (or 

to the commodity it sells to final demand) are estimated by multiplying each sector’s 
vector of (Type I or Type II) output-pollution multipliers by the scalar of total 

exogenous final demands for its outputs. Using the UK-adjusted output pollution 

multipliers, equations (7.16) and (7.17) in the main text (Jersey-specific case) are re­
expressed to give the estimated amount of pollution attributable to each sector, i, in 

the Type I and Type II cases respectively:

(7B.2a)
UK(û) _ UK(û)

Pil = m‘l ,L1

(7B.2b) p^’ =mi2UK<wæi(-h)

To express the estimated amount of emissions of each pollutant, k, attributable to 
each sector as a share of total emissions of that pollutant, I divide the results of 

quantifying (7B.2) for each sector by the estimated vector of total emissio 
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economy, P™® <T estimate total emissions the UK-adjusted measure, 

pUK($) by equation (6.10) in Section 5 of Chapter 6).

Just as I find in comparing the direct contribution of indi d 
using the UK-adjusted and Jersey-specific measures ' SeCtWS eStimated 
Figure 6.2), there are significant differences in results fonhe $ 6 (see

attributions to production sectors/commodities. Takin 1 * 1 "
again, note from Figures 7B.3 and 7B 4 that wh> 8 °n“

ha‘ Whlle ‘he same sectors are
identified as the main contributors in both cases using the two alternative measures 

there are significant variations in the size of individual contributions .

particularly apparent in the Type I! case (Figure 7B.4). Both the Jersey-specific and 

UK-adjusted measures identify ‘Banks & Building Societies’ as the biggest 

contributor to total NOX emissions generated in Jersey when direct, indirect and 

induced effects are taken into account. However using Jersey-specific measures, 

‘Banks & Building Societies’ is attributed with a share of just under 13%, while the

UK-adjusted figure is around 15.5%. Similarly with second biggest contributor, ‘Sea 

& Air Transport and Transport Support’, for which the Jersey-specific estimate is 

12.1% and the UK-adjusted one is 15.5%.

I find more significant divergences in other key sectors. For example, under the UK- 

adjusted measure the ‘Land Transport’ sector is attributed with a share of 4%, while 

the Jersey-specific figure is only 0.87% (I note Chapter 6, Section 5 that the 

automotive fuel intensity of the Jersey ‘Land Transport’ is much lower the UK 

average). ‘Public Services’ is attributed with a share of 2.9% using the UK-adjusted 

measure, but one more than twice as big, 6.4% under the Jersey-specific measure.

On the other hand, in the case of the finance related sectors, with the exception of 

‘Banks & Building Societies’, the shares of total NOX emissions attributable to 

production to meet final demand in the Type I and II cases under the two measures 
are broadly similar. However, the problem is how these shares break down 

direct, indirect and induced effects, which, as I explain above, varies y 

between the Jersey-specific and UK-adjusted measures.
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Figure 7B.3 Type I Attribution To Final Demand By Commodity Using Jersey-Specific and UK- 
Adjusted Output- And Expenditure-Pollution Coefficients
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Figure 7B.4 Type II Attribution To Final Demand By Commodity Using Jersey-Specific And UK- 
Adjusted Output- And Expenditure-Pollution Coefficients
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The second type of attribution exercise that I conduct in Chanter, re
rapier / (Section 3 ax * 

attribution of pollution generation to final demand bv cate«™ • *
• 1 ,1 g y> to the different

types of final consumers rather than to the commodities they consume n • 

UK-adjusted output-pollution multipliers, I re-express equations (719) and 
from Section 3.4 as k 

(7B.3a) P,iU™ = Mnu^^

(7B.3b) = M^.CQz + mzUK(J).Cz

Again, I can express the results of estimating equation (7B.3) for each final demand 

sector in terms of the percentage contribution to total estimated emissions in Jersey, 

p™. I report the estimated contribution of each sector for the pollutant N0x in the 

Type I and Type II cases in Figures 7B.5 and 7B.6 respectively. Again there are 

some fairly significant differences in the share attributable to each final demand 

sector, part of which relates to the fact that tourists are not attributed with any direct 

emissions generation under the UK-adjusted measure. For example, when I use the 

Jersey-specific measures, the share attributable to tourist expenditure is 8.5% in the 

Type I case and 14.6% in the Type II case, but if I use the UK-adjusted measures 

these figures are 6% and 11.9% respectively. On the other hand, the share 

attributable to total (non-tourist) exports is 23.9% in the Type I case and 57.8% in the 

Type II case under the Jersey-specific measures, compared to 29.7% and 62.3% 

under the UK-adjusted measure.

Generally, however, the differences here do appear less significant than I find in the 

attribution to final demand by commodity. However the danger is that the problems 
that I identify above with respect to how emissions are attributable to individual 

sectors may not be apparent if we were to simply look at final results of the type 

presented in Figures 7B.5 and 7B.6. That is to say, these results (which are the type 

commonly presented in reporting this type of analysis) do not reflect the exte 
direct relative to indirect and induced pollution generation embodied 

commodities that are consumed by these final demand sectors.
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Figure 7B.5 Type I Attribution to Final Demand bv rs..
Specific And UK-Adjusted Output- and Expenditure Pon? Usin9
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appendix sa. sectors (activtties/commod 
JEMENVI IN

ITIES) IDENTIFIED

No Sector 15*^^—

Agriculture & Fishing_______
2_ Quarrying & Construction 7^45 ------- ------ .

3 Manufacturing_________ ___ —5 ~ 18,20,22, ------
4 J Electricity________________
5 Water____________________ Tï "------------------ -----------_
6 Gas, Oil and Fuel 

Distribution
40.2,50.50^248 ~~-----—------------

7
V

Telecommunications

Wholesale and Retail 
Distribution

~64.2 " —--------- .

"50-52 --------------------

9 Hotels & Restaurants 55 ----------------- --------
10 Land Transport 60.2,60.3 ' ----------------
11 Sea & Air Transport and 

Transport Support
61,62,63 ------ -------- -

12 Post ~644 ---------------------- -
13 Banks & Building Societies 65.121,65.121,65.21,65.22,65.233,

65.234,65.235 & 65.236
14 Insurance Companies_______ 66
15 Investment Trusts & Fund 

Managers
65.231,65.232,67

16 Computer Services 72

17 Legal Activities 74.11
18 Accountancy 74.12
19 Other Business Activities 70,71,73,74.13 - 74.8
20 Other Service Activities 91,93
21 Recreation, Culture & Sport 92
22 Education 80
23 Health, Social Work & 

Housing
85

24 Public Services (Sewage & 
Refuge Disposal)

90

25 Public Admin. & Defence 75
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APPENDIX 9A. Aggregate Sectors Identified for General Population Polic 

Modelling for the States of Jersey

P^^esectors JEMENVI SECTORS

AgrieFish ____ ____________ Agriculture & Fishing

'Construction^ ___ ___________ Quarrying & Construction

’MaiiuS^^_____________ _______ Total Manufacturing

“Services" Electricity

Water

Gas, Oil & Fuel Distribution 

Jersey Telecommunications 

Wholesale & Retail Trade 

Land Transport

Sea & Air Transport & Transport 

Support

Post

Other Services Activities 

Recreation, Culture & Sport

Tourism Hotels Restaurants & Catering

Finance (‘Financial and Other Banks & Building Societies

Business Services’) Insurance Companies

Investment Trusts & Fund Managers

Computer Services

Legal Activities

Accountancy
Other Business Activities

GovSec Education
Health & Social Work & Housing

Public Services
Public Administration & Defence
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