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Chapter 7. Environmental 10 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 KxI (9x25) matrix of Jersey-specific output-pollution
coefficients, M;, which states the physical amount of each pollutant, k, that is directly
generated in the production of £1million 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, M, which states the physical amount of each pollutant, k that is directly
generated per £1million 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 O 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 10
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 1 carry out three illustrative simulations. One of these involves
investigating how a demand-driven 10 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 10 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 10 Attribution Methodology

As I explain in Chapter 6 (Section 5), the Kx1 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=P;+P,=M.X + M,.CT
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where X is the Ix1 vector of sector outputs (with elements Xj), M; is a KxI matrix of
the direct industry output-pollutant coefficients, with my; as the amount of pollutant
k directly produced per unit of output of sector i, and M is a KxZ matrix of the final
demand pollutant coefficients, with my, as the amount of pollutant k directly

generated per unit of final demand expenditure C (with elements %

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 M;, my;, as the total pollutant of type k directly produced by
sector i divided by the total output of sector i. Similarly for M,, each individual
element my, 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 Ix1 (25x1) vector X, in the IO table can be expressed by the following linear

equations:

(7.2) X1 =X1,1 X2+ ... X 25+ Cq
Xy = X1+ X2+ ...X225 +Cp

X25 =X251 t+ X252 + ....X2525 + Cp5

' 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 (1xZ) vector C is composed of the column totals of the full
((0+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 (Ix1) vector C;, with elements c;, is composed of the row totals
of the (IxZ) block of final demands for locally produced commodities.
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Where Xj is the total output of sector i=1, X1 is the output that firms in sector 1 sells
to other firms in sector 1, x5 is the output that firms in sector 1 sell to firms in sector
2, and so on, and c; is the output that sector 1 sells to final demand (summing ¢; to
a5 gives the (25x1) vector of final demand by commodity, C;). The elements x;;
(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;; =
x;3/X; (where the total inputs to sector j = the total output of sector j). Together all the

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

Rearranging and substituting the general formula a;; = x;3/X; into equation (7.2) we

have:

(7.3) X1 = 31,1X1 + 31,2X2 + . ...31,25X25 +C

X2 = 8.2,1X1 + 32,2X2 + .. ..32,25X25 +C

Xos = 325,1X1 + 325,2X2 +.. ..325,25X25 + Cos

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

(7.4) (1-a1,1)X1 - a1,2X2 S eeee— a1,25X25 =C
.':12’1X1 — (1-32,2)X2 " heee — 8.2,25X25 =Cy
ap5,1X1 — a252X5 - ... — (1-a2525)X0s5 = Cs

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

(7.5 @-A)X=C;

% This is similar to the derivation of matrix E; in Chapter 6, Section 4. The distinction is that the

elements fj; of matrix E; 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 (IxI) 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 =[I-Al'G;

where [I-A]™ is the square (IxJ) Leontief inverse matrix. Each element of the
Leontief inverse, b;j, 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 (Ix1) vector C; is composed of the row totals of
the (IxZ) block of final demands for local produced outputs, where each element c;,,
is the expenditure on commodity i by final demand category, z. Therefore by
substituting each (Ix1) vector (c;), (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 c;, of each vector (c;), (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 C; through the expression:

(7.7) P = M{I-A]'C;
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The term Mi[I-A]'1 is a KxI (here 9x25) matrix of output-pollution multipliers, where
each element g ; 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 =MI-AI"'C; + M.C*

Equation (7.8) demonstrates that once appropriate pollution and production
coefficients are identified (matrices M; and M,, 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 indusirial sector (commodity) and/or by final demand

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

As 1 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 10 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 10

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 1O 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 2.1 I have identified the usefulness of the 10 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 C; and C (as defined in Section 2.1). I
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calculate the (Kx1) vector, P,, of direct pollution generated in the final demand
activities by multiplying the (KxZ) matrix M, of final demand expenditure-pollution
coefficients by the transpose of the (1xZ) vector of total final demand expenditure —
i.c. P, equals M,C". However, I want to further identify the vector of direct and
indirect pollution, P;, 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 (KxI) matrix of direct industry
pollutant coefficients, M; by the (Ix1) vector C;, 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 (IxI) matrix of direct production coefficients (the A matrix) by the
(Ix1) final demand vector C;. Then I derive the resulting pollutants by again pre-
multiplying the (KxI) matrix of industry pollutant coefficients, M;, by the resultant
(Ix1) vector, to give MGAC,.

However, the process does not finish here: MGAC; 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 (IxI) matrix of direct production coefficients,
A, by the (Ix1) vector of intermediate demands, AC;, generating the (Ix1) vector of
second round intermediate inputs, A*Ci. I find the associated pollution by pre-
multiplying the (KxI) matrix of output-pollution coefficients, M;, by the (Ix1)
second-round intermediate inputs vector, A%C;, giving MiA’C;.  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 + MAAC; + MAA’G; # ... + MIAG; + ... = Mi(Sase”A"C;
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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):

(7.10) 3,0"A" = [I-A]*
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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 10
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.
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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, 10 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 afgue 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 I-O table for each country from which imports are drawn.

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

have the following characteristics:

* a compatible sector classification
* acomparable set of pollution-output coefficients

* asimilarly 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 10 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 10 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 JO 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 10 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

309



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 M; and M, 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 10

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 1 multiply matrix M; by the
sectoral gross outputs (X) vector and matrix M; 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, X;. A
similar procedure is used to allocate direct pollution generation to final demand each
final demand sector, C,. Formally, if matrices M; and M, are broken down into (Kx1)
column vectors m; and m, , the (Kx1) vectors of pollutants directly generated by

sector i and activity z, p; and p,, are given by
(7.11) Pi= mi.Xi, Vi
(7.12) p,=m,.C, Vz

where X; and C, 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 P; and P, of total pollution by sector in the Jersey economy for 1998)3.

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

PAsI explain in Section 5 of Chapter 6, because I have already estimated emissions-by-sector in order
to derive matrices M; and M, 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 10 system satisfies this restriction for all sectors (Table 6.13 is
effectively the transpose of the matrices P; and P, shown in Table 7.1).

311



a relatively pollution-intensive activity in Jersey, with the household sector having
the third highest physical fuel consumption per £1million of activity (productioh 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 poliution 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 indicator*). 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 Jersey’. (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.)

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.

* The GWP index is a weighted sum of emissions of CO, (with a weight of 1), methane (weight 21)
and N,O (weight 310).

> I derive comparative figures for Scotland and the UK using the UK NAMEA databasc (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).

312



Table 7.1 Totaf Direct Emissions (klograma'} in Jorsey, 1998, Generated In The Production Of Sectaral And Total Output, And During Final Consumpton by Households and Tourlsts

Sector]  Agreutturs Quarrying & Ges, 0Nl & Jorsey Wholesate & | Hotsts, Rast. tand Son & Alr Trans. Jorssy Banks & Insurance Inv. Trusts & Computer Logel Other Bus.
Pollutant A Fshing Construction | Mamutecturing Etectrictty Water Fuel Dist. Talocom. Retall Trade 4 Catering Transport & Trans Sepp Post Buffding Soc. Companles Fund Mgre Services Activitios Accourtancy Activities
Global warming potential (OWP) compasite 31601128.04 | 7108220.41 5855754.23 | 61198692.39 | 16211875 922019.03 230605.60 8662985.35 | 9809295.07 | 1293540.51 | 1951371046 | 260408.46 89708.27 82951.20 1128459.42 254161.47 279969.84 54539.68 968000.41
Carbon dioxide (COZ) #s carbon 14876951.45 | 7053355.26 | 5833039.98 | 81192461.89 | 180446.81 912873.17 228548.04 | B601616.77 | 9789896.98 | 1260798.70 | 19478886.60 | 258969.79 89617.37 81883.01 1117011.02 251097.6% 277288.17 53837,.35 958203.10
Methane (Cti4} 795207.35 267.23 334.25 17048 97 140.31 2343 1659.98 443.17 24818 1436.82 633 299 3562 381.94 94.58 68.64 2342 179.48
Sulphur dloxide (S02) 307605,36 3207.67 68503.43 443513.40 0.00 0.00 28,40 2448.49 30139.62 34339 18265.43 443,22 35288 c00 a38.60 14.88 0.00 0.00 000
Ntrous cxides (NOx) ) 127371.26 23503,05 34078.70 808207.23 782,78 6899.54 720.08 58674.89 A7579.68 7966.55 357521.31 802.17 44439 438.59 5838.54 1241.87 1028.01 288,37 3453.44
Non-methane volatlie organic compounds (NMVOC) 15088,94 1034119 12324.92 1107217 1160.33 4958.95 876.18 5§9443.00 17050.15 8930.86 100305.18 25617 11473 1297.63 13933,15 3450.13 210,78 853.22 6814.69
Carban monoxide (CO} 85775.63 28580,89 60779,88 43797.58 8829.08 2691921 4853.86 349245,83 98086.77 52252.12 294942.24 849,47 892,40 8326.67 89239.75 21946.22 13074.91 5474.71 38999.77
Nitrogen dioxide (N20} 80.07 158.90 50.63 855 323 20.00 5.05 150,03 32.55 2435 15.00 421 008 103 11.08 354 474 o.e8 19.45
|Btack amake 0.00 0,00 D00 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]| OtherSarvice |  Recreation, Heath, Soclal Publlc Publte Admin. Totn! emissions Housshotd Household Household Household Household Total amieaioes trom ToTAL
Pollutant Activities Culturs & Smrl Educstion Work & Houalng Sarvices & Detence trom Emdur.ﬂon 1 2 3 a 5 Tourists EMISSIONS H)
Global warming poteriial (GWP) compesks 1902575.79 | 1604743.10 | 1201871.13 | 375773922 | 15169330.84 | 353800.92 173546377.59 9484762.74 | 20893689.05 | 24408538.50 | 31357181.14 | 42938989.92 | 9421446.81 138304588.15 311850905.74
[Carbon dioxide (€02} as carbon 1860953.77 | 1600809.91 1260700.64 | 3755254.59 | 15097454.20 | 353719.24 158451063.50 9007117.42 | 20008179,12 { 23720696.49 | 30599539.90 | 42103111.00 | 9101674.81 134813518.74 291085182.24
Msthane (CH4) 288.39 62,91 7.83 22,59 3409.38 203 804537.26 2184474 26971.20 22822.01 31807.70 34154.84 13523.38 150724.52 901261.78
Sulphur dioxide (802) 18305.34 2927.54 2798.31 5623.92 763,685 125.61 908427.55 18517.97 19587.17 37487.40 28074.85 16899.02 0.00 118367.00 1024794.55
Nitrous axides (NOx) 862005 6102.07 4868.84 13240.12 94940.59 1057.73 1015601.83 37126.68 88914.83 105910.00 136285.55 176623.44 45450,88 590291.37 2205893.20
Non-methane volstile organic compounds (NMVOC) 10578.74 2504.37 A464.97 1473.29 276336.29 153.25 581739.32 111103.17 282085.76 348317.76 432757.89 510091.25 158815.80 1641771.63 2403510.94
Carbon moncxide (CO) 82370.18 12850.15 752.44 2050.76 1111528.29 170.35 2403905.68 64914316 1684877.98 | 2034931.15 | 2654113.17 | 3025129.09 945344.71 10673339.25 1327724393
Nitrogen dicxide (N20) 30.99 843 322 848 0.90 015 643.33 7454 197.08 237.31 30284 383.31 114,78 1269.85 1933,18
Black smoks 0.00 0.00 0.00 0.00 0.00 0.00 73427.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 73427.00
oter
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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 poliutants like NOx and SO, (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 SO, 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 CO, intensity to
stationary combustion of other fuels, ‘Electricity’ is the production sector with the
highest contribution to total CO, 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 11™ 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 CO,, 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 (CHy), 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 N,O. Note that in the
current Jersey environmental IO model I only report N,O emissions as being
generated by a single source — automotive fuel use®. 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%) of N,0 emissions are directly generated by
these final demand sectors. In the production sector, the contribution of individual
sectors to total N,O 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%)).

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 1O table. However, in a conventional 1O 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

® As I explain in Chapter 6, Section 3.3.4, I would also expect to see N,O 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 N,O 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-fuelied vehicles. From Table 6.2
in Chapter 6 we can sec that these are less N,O-intensive than diesel-fuelled vehicles. This explains
why the share of direct N;O emissions generated by these final demand sectors is lower than their
share of automotive fuel use.
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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 aftributable 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 10 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 7.2 Type I Leontief Inverse - Jersey 1998

Sectors Agrcunure | Guarryimg & Cen 0N Jorwy Wholwats & | Motels, Rest. Land Bow & Al Trams. Jarney Bania & Weurans | lav.Trus& | Computer [ oot | ovwrsanioe | Reorveson, Howin, Soclel Public Publto Admin.
sfntng | co Eiectriony Water Fusi Dist. Tatecom. fanTrace | & cutering Transport & Tra Supp Poat Bullding 8+ Compeniss | Fund Mg Sorviows Activites | Aoooutancy | Aciivities Actvies | Cunure & 3port ] Education Sorvioes 4 Ootore
Agricitture & Fiahing 101099 0.000¢5 011213 0.00034 0.00076 0.00140 0.00261 0.001860 003233 0.00139 0.00009 0.00200 0.06017 0.00130 0.00208 0.00093 0.00180 0.00082 0.00129 400080 002083 0.00082 ©.00263 ©.00085 0.00074
Quarrying & Conatruction 0.02780 104807 001982 0.00812 0.0397% 0.08089 0.05024 0.01182 0.02555 0.00824 0.02008 0.02126 0.00100 0.01847 0.00480 0.00530 0.00900 0.00700 0.00280 000115 0.05163 0.05741 agazel 0.16899 002444
Manutecturing 0.00887 0.00797 1.01088 0.00206 0.00598 0.01268 002224 0.00713 0.01837 0.01222 ¢.00078 0.01805 0.00142 0.01087 a.01810 0.00862 0.01445 0.00700 001124 0.00720 0.01079 0.00192 0.01138 0.00584 0.00079
 Etoctrichy 0.02684 0.00377 o.02191 1.00052 004515 0.00485 aon? 0.01883 0.02180 0.00585 0.03324 0.00735 0.00035 0.00368 0.00200 0.00811 0.00608 0.00533 0.00429 0.00888 0.02430 0.01079 0.01574 0.09737 0.00827
Weaer 0.00880 0.00021 0.00587 0.00470 1.00033 0.00034 0.00038 0.00063 0.00488 0.00080 0.00242 0.00049 0.00002 0,00058 0.00031 0.0002% 0.00045 0.00013 0.00039 0.00068 0.00448 0.00378 0.00872 0.01486 0.00208
Gow, o) & fued distridamon 0.01101 0.00170 0.00349 0.00040 0.00080 1.00229 0.00067 0.00148 0.00801 0.00325 ©0.00142 0.00091 0.00002 0.00030 0.00038 0.00078 0.00041 0.00018 0.00004 0.00301 000840 0.00508 0.00760 0.02014 0.00201
| Jarney Tealsoarmunionsions o.0070% 0.00819 0.00620 0.00456 0.00822 0.01082 1.00210 0.01037 0.00843 0.00644 0.00138 0.00458 0.00103 0.01510 0.00847 0.01314 0.01020 0.01180 0.01108 0.00312 0,00998 0.00088 D.00969 0.01720 0.00202
[Wholesaie & Retall Tmae 0.04588 0.02623 0.02428 0.00177 0.02555 0.00118 0.12517 1.00737 0.01079 0.00148 0.00098 0,00278 0.00020 0.00428 0.00138 0.00187 0.00233 0.00184 0.00245 0.00102 0.0118¢ 0.04811 0.05291 0.03089 0.00430
Hotels, Aewtaurants & Cutestng 0.00080 0.00127 0.00178 0.00003 0.00028 0.00018 0.00044 0.00024 100152 000132 0.00012 ©.00428 0.00018 0.00130 0.00103 0.00033 0.00009 0.00121 0.00062 0.00018 0.00193 0.00168 0.00414 o.00127 0.00030
Land Trensport 0.00107 0.00111 0.00162 £.00002 0.00008 0.00009 0.00034 0.00019 000120 100008 6,00003 0.00023 0.00001 0.00081 0.00082 0.00003 0.00037 000220 0.00008 0.00004 0.00081 000175 000212 0.02218 o.000te
Som 6 Al Traneport & Traneport Bupport 6.00104 0.00080 0.01099 0.00192 0.00085 0.00092 0.00298 0.00833 0.00685 ©.00420 1.80004 0.04263 0.00036 000198 2.00320 0.00288 0.00137 ¢.00110 0.00084 0.00857 0.00284 ©.00183 0.0029% 0.00188 0.00027
Jarsey Post 0.00879 0.00202 0.00560 0.00329 0.01042 0.01208 0.00788 0.01528 0.00412 0.07081 0.00039 1.00801 0.00136 0.02585 0.00888 0.00283 0.00588 0.00257 0.01040 0.00327 0.00838 0.00478 0.00570 oo 0.00133
[Darke & Buliding Bocletiss 0.06724 0.01770 0.02247 0.00256 0.13887 0.00722 0.00348 0.00019 0.10805 0.01022 0.00115 0.00282 1.00013 0.00583 0.01371 0.00130 0.00318 0.00125 0.00977 0.01208 0.00003 000805 000835 0.00577 0.00112
maurance Companise 0,01143 0.00405 0.00503 0,00084 0.01044 0.00074 0.00244 0.00373 0,00558 0.00557 0.00118 0.00093 0.00008 160171 0.00227 0.00511 0,00734 0.00143 0.01058 0.00802 0.00311 000332 0.00230 0.00334 0.00019
investment Trusta & Fund Manogers 0.00639 .00007 0.00001 0.00002 0.00008 0.00010 0.00020 0.00027 0.00025 0.00010 0.00001 0.00013 0.000071 0.00000 1.00014 0.00008 0.00011 0.00000 0.00009 0.00000 0.00009 0,00002 0.00012 0.00008 0.00001
[Computer Gervices. 0.00251 0.00260 0.00243 0.00018 0.00107 0.00787 0.01208 0.00432 0.00298 0.00472 0.00019 0.00301 0.00043 0.00248 0.00392 1.00082 0.00230 c.04762 0.00015 0.00056 0,00320 000237 0.00408 0.00120 0.00074
Logal Acuvriss 0.02751 0.00676 0.02044 0.00750 001103 00773 0.00974 o.03288 0.03230 003143 0.00066 0.00081 000330 0.048268 0.03042 0.02542 103188 0.00874 0.03738 0,00592 003337 000272 0.01781 0.00732 0.00160
[ Acoourtancy 0.00607 0.00289 0.00482 0.00081 000352 0.00159 0.00131 0.00571 000534 0,00038 0.00021 0.00081 0.00038 001407 0.00248 0.00318 0.00354 100073 0.00082 0.00799 0.00304 o0.00188 0.00208 0.00132 0.00032
Other Business Activitivs. 0.15880 0.02400 008547 0.00581 0.18208 0.02891 0.02208 0.05620 0.02854 0.04455 000430 0.00487 0.00178 0.05290 0.02498 003340 0.02427 0.05005 105438 0.01204 0.04524 0.01600 0.03081 0.03131 0.00358
[otner Services Activities. 0.03054 0.00584 001139 0.00012 0.00280 0.01390 0.00338 0.00500 0.00488 0.01835 0.00237 0.00288 0.00012 0.00107 0.00053 0.00207 0.00079 0.00062 0.00162 100118 0.00881 0.0028% 0.00209 000065 0.00163
Rearetion, Cutture & 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
[ Educwtion 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.00000 0,00000 0.00000 0.00000 0.00000 0.00000 .00000 0.00000 0.00000 0.00000 0.00000 ©.00000 000000 0.00000 0.00000 1,.00000 0.00000 0.00000 0.00000
[Heahth, Bocte! 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 100000 0.00000 0.00000
[Publio Servioes 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000 0.00000 £.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
Publlo AdméneUstion & Detence 0.00448 0.00018 0.00188 0.00207 0.00523 000194 0.00094 0.00191 0.00093 0.00180 0.00083 0.00010 0.00000 0.00093 0.00031 o.00118 0.00137 0.00008 000011 0.00028 0.00279 0.00093 0.00803 0.00293 1.00012
[ Total - Typa t output multipliera 14810 1.1641 1.3684 1.04585 14097 1.1802 12916 12043 1.3209 12325 1.0821 11828 10125 12088 1.1263 1.1130 1.1268 1.1522 1.1729 1.0829 1.2848 1.1781 1.2251 1.3920 1.0548




Table 7.3 Direct Plus Indlrect Emissions Intensities (kg') Per £1million Final Demand For Outputs Of Local Productlon Sectors in Jersey 1998 - With All Final Demands Determined Exogenously (Type | Output-Pollution Multiptiers)

Sectors| Agricufture Quarrying & Gas, Ol & Jersey Whelesale & | Hotels, Rest. Land Sea & Air Trans, Jersey Banks &
Pollutants & Fishing [ ing El Water Fuel Dist. Telecom. Retall Trade & Catering Transport & Trans Supp Post Building Soc.
Global potentlal (GWP) camp 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
Carhon dioxide (CO2) as carbon 308064.402 | 39838.400 | 131526.963 | 1312758.528| 77001.679 | 72542.946 | 28333753 | 51322.113 | B6156.989 | 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 (S02) 5763.733 65.804 1558.220 9510.040 440.486 70.688 141.459 193.967 533.700 99.658 §90.315 129.970 5713
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
N volatile org: (NMVOC) 317.677 61.367 195.476 242548 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 1802.730 316.365 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
kBlack 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
Sectorst  Insurance Inv. Trusts & Computer Legal Other Bus. Other Service Recreation, Heaith, Soclal Public Public Admin.
Companies Fund Mgrs Services Activities Accountancy Activities Activities Culture & Sport Work & Housllg4 Services & Defence
Global warming potential (GWF) 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
IMethane (CHa) 19.731 30.347 18.568 23.324 12.254 20.338 22,794 289.780 7.914 37.720 139.217 2,155
Sulphur dioxide (S02) 53.340 54.509 70.765 76.955 60.783 57.084 799.801 424,943 156.301 211.086 402.229 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 organlc compounds (NMVQC) 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
Notes:

1. The QWP (Global Warming Potential) Index is & weighted sum of CO2 {weight 1), methane (weight 21) and N,O (weight 310): it theratore should not be read as "kilograms' but simply as an index that is comparabie acrosa sectors within an economy and across different economies




|

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]'l, where I is the IxI 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 (KxI)
matrix of output-pollution coefficients. The result is a KxI matrix of Type 1 output-

pollution multipliers, Mj;, expressed as
(7.13) My = Mi[I-A]"

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 Mj; 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 1 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, Xj), 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-
AT 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 M, (the 9x2 version®) I already have a vector, my, of
direct emissions coefficients for (aggregate) households, expressing the amount of
pollution directly generated per £1million of total household expenditure. If I make
the assumption that total IO expenditure is funded by present income, my can also be

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

8 Table 6.15 includes a 9x6 matrix M, 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 M, gives
us a 9x2 matrix.

? In fact, the Jersey SAM (Table 5.7) tells us that total household income in 1998 was £1,563.4million.
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, M;, for the production

sector of the economy. The result is a new (Kx(I+1)) matrix Mjn), where

(7.14) Migw =[M; : my]

The (9x26) matrix My, of Type II output-pollution multipliers will then take the form
(7.15) Mz = Mign [E-A'T

However, because part of household expenditure remains exogenously determined
(i.e. not funded from income from employment), the vector of household direct
emissions intensities, mp, also remains in the matrix M, of final demand expenditure-

pollution coefficients.

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.
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Table 7.4 Type II Leontief Inverse - Jersey 1998

Sectors Agreuturs | Quanying & Gee, 008 Jursey Wholeeaio & | Hoteis, Rest. tand Sea & Alr Trene. Jamey Benkad msurance | mwTnsmk | Computer Leget OtherBus, | OtnerSarvios |  Recrvation, Hestin, Soclel Pubilo Public Admin.
srehing | Construstion Eisctriony Water Fusi Dtet. Tahoar Retai Trede | & Catoring Transport & Trana Supp Poat BuidingSae. | Compenies | Fune Mgre Servioss Amtviies | Acoourtency | actities Activites. Eovsation Bervions 3.0vtercn
Agroutture & Fishing 1.01874 0.00470 0.11689 0.00302 0.00428 0.00518 0.00602 0.00858 0.03594 000818 0.00338 0.00774 0.00183 0.00852 0.00522 0.00454 0.00590 £.00535 0.00883 0.00573 0.02472 0.00720 0.00782 0.00833 0.00734
Querrying & Canstruction 008317 1.00908 0.04787 0.0215% 0.08143 0.08382 007122 0.0348¢ 0.04177 0.02957 0.04929 0.05850 0.00007 0.05108 0.02400 o.02761 0.03843 0.03488 0.03588 0.03148 0.07768 008853 0.08536 020128 0.08873
Manutaiuring 0.02999 0.02174 1.09380 0.01200 o089 0.02820 003477 0.02087 0.02984 0.02815 0.01287 0.03201 0.00678 0.03132 0.02980 001909 0.03022 002384 ©.03000 0.02531 002817 0.02847 0.03062 0.02871 0.02722
lhd;hky 0.08190 0.02012 0.04779 101220 0.06049 0.02085 0.02604 0.03294 0.03764 02218 0.04288 0.03233 0.00871 0.02829 0.01680 0.02188 0.02478 o.02807 0.02757 002838 0.04288 0.03983 o.03081 0.08237 0.03888
Wter 801113 0.00389 0.01010 0.00726 1.00380 0.00382 0.00352 2.00410 0.00602 0.00412 £.00847 0.00581 0.00137 0.00577 0.00325 0.00388 0.00443 0.00433 0.00538 000523 0.00834 0.00994 001083 001089 0.00873
@as, oif & tust distribution 0.01965 0.00733 0.01134 0.00450 0.00817 100794 0.0057% 0.00711 001204 0.00885 0.00837 0.00852 o.00221 c.00874 0.00514 0.00821 0.00888 0.00897 0.00887 0.01042 0.01488 0.01513 0.01578 0.02878 001383
ersey Tolscommunications. 0.00440 002282 o218 0.01702 002287 0.02789 101764 0.02778 002521 0.02408 0.01883 0021 0.00784 004123 002118 0.02083 ©.03018 003288 0.03887 0.02803 0.02841 0.03772 003427 0.04386 0.03547
(Wnoicsais & Retall Trade: vaT212 0.10058 0.12438 0.0805% 0.10280 0.08578 0.20003 108851 0.09007 0.06471 o321 012956 0.03225 012787 0.07091 0.08131 0.09088 0.10128 0.11973 010829 0.10349 o.19188 0.18907 0.15681 0.16234
Hotals, fiestourants & Crtering 0.04523 0.03054 0.03721 0.02088 0.02783 0.02944 0.02687 0.02834 1.02081 0.03082 0.02577 0.04608 001154 0.04503 0.02587 0.02844 0.03351 0.03844 0.04238 003384 0.03249 0.0838¢ 0.04830 0.04589 0.05830
Land Treraport 0,00346 0.00287 0.00382 0.00113 2.00184 o.ooies 0.00170 0.00178 0.00279 100184 0.00140 0.00281 0.00082 0.00318 2.00194 0.00154 0.00198 0.00409 0.00230 0.00209 0.00238 0.00483 0.00433 0.02458 9.00318
(Sem & A¥ Transpont & Trenapon Suppont 002013 0.01320 0.02813 o.0to82 0.01253 0.01341 o.o1a28 0.01878 o0.01ees 0.01878 101127 0.08188 0.00520 0.02083 0.01372 0.0148% 0.01583 o.01614 o.01888 0.02498 0.01884 0.02373 0.02057 002080 0.02318
Jsrmey Fout 0.01212 0.00840 0.00693 0.00870 0.01389 0.01714 0.01082 001872 000747 07313 0.00344 1133 0.00271 o.03108 0.00850 0.0081% 0.00988 ©0.0087T 001838 0.00788 0.01224 001088 o.01081 0.01803 0.00801
Barnks & Buikiing Socleties. 091327 0.04773 0.05697 0.02400 0.18474 0.03733 0.03075 0.03814 0.13496 0.04058 0.02749 0.02050 101181 0.05084 0.03907 0.03023 0.03757 0.09751 0.0485¢ 0.08244 0.04214 0.05%3¢ o.0s8M1 005109 008878
lnsumnce Companies 0.02872 0.01533 0.01674 0.0008% 0.02102 0.01208 201270 001498 001844 o.01898 ©.01108 oo1e17 0.00425 1018862 001178 001598 0.02026 0.01608 0.02863 0.02085 081570 002343 091622 0.02056 0.02184
imessimem Trusts & Fund Managers 0.00059 0,00020 0.00817 0.00012 0.00017 0.60023 0.00032 0.00040 0.00037 0.00023 0.00012 0.00033 0.00008 ©0.00028 1.00028 o.00018 0.00028 0.00021 0.00027 0.00023 0.00024 0.00028 a.00028 0.00025 0.00028
Computar Sarviess. 0.00424 0.06370 0.00381 0.00098 0.00272 0.00880 0.01307 0.00844 0.00297 0.00588 0.00117 £.00473 ©.00087 0.00217 0.00488 1.00171 0.00359 004598 0.00975 0.00208 0.00428 0.00438 0.00584 0.00202 0.00291
Lega) AstiRise 008437 0.03080 0.04887 0.02486 003358 0.02184 0.03160 0.05887 0.08583 0.08574 002178 0.04358 0.01275 0.08430 0.05072 0.04859 1.05840 0.03778 0.07183 0.03783 0.08021 0.0453¢ 0.05173 0.04410 o.04781
Ascourtancy 0.008858 0.00857 0.00686 0.00201 0.0050¢ 0.00328 0.00204 0.0073¢ 0,00898 0.00818 000168 000329 000107 0.01859 0.00390 0.00480 0.00837 1.0027¢ 0.01182 s.o1020 0.00492 0.00488 0.00438 0.00389 0.00355
Other Business Astivities 0.17067 0.03840 007208 0.01609 017889 0.04338 0.03518 0.07357 0.04241 0.08911 001693 0.00657 0.0¢738 0.07538 003713 0.047268 0.04076 0.08744 107480 0.030%8 0.08131 0.04288 0.05093 0.05333 o.03120
(Cthar Bervices Astivities 0.04835 0.01668 o293 0.00749 0.01247 0.02424 o.0127e 001038 0.01481 0.0247¢ 001142 0.01842 0.00413 0.01684 0.00924 0.01201 2.01280 0.01297 o.01851 101474 o.01842 0.02127 0.01084 0.02443 o.02142
Recryntton, Cutture & Bport 0.02299 v.01499 0.01822 0.01070 0.01407 0.01503 001383 0.01498 0.01343 001818 001216 0.02290 0.00583 0.02247 0.01288 001434 0.01717 o.o1e10 0.02135 0.0971 1.01880 0.02871 0.02118 052293 0.03031
Edueation 0.01887 001218 0.01481 0.00870 0.01143 o.a1221 0.01107 001218 0.01173 001232 0.01080 0.01881 0.00474 001828 0.01020 001174 0.01298 0.01571 001738 001602 0.01359 107 2.01718 o.01083 002338
Heatih, Social Work & Housing 0.08788 0.04420 0.05391 0.03180 0.04182 004439 0.04024 o.04a18 0.04262 0.04478 0.03883 0.08763 0.01723 0.08838 0.03737 0.04285 0.05070 0.05345 0.08308 0.05820 0.04%40 o.0788% 1.08244 0.08786 0.08488
Pubfic Services 2.00011 0.00007 0.00008 0.00005 0.00006 0.00007 0.00008 0.00007 0.00007 0.00007 0.00008 0.00011 £.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
Publio Adminetration & Defence 001044 0.00408 0.00881 ©.00401 0.00e88 0.00883 0.00447 0.00579 0.00467 0.00553 0.00404 0.00804 0.00187 0.00675 0.0035% 0.00483 0.,00%02 0.00537 0.00888 0.00530 0.00713 000788 001181 0.00882 1.00788
noome from Empioyment 0.88573 055918 0.67853 039847 0.52202 085909 0.80748 0.88882 0.83743 0.58436 0.48980 0.85288 021722 0.83888 047131 0.53784 0.63832 0.67407 0.78504 0.73392 0.62207 0.99480 0.78743 085362 107132
Yotal - Type Il output multipliers 29007 21032 25110 1.7159 2.3508 21218 213583 21411 22310 21820 1.9058 26274 1.3779 28174 1.9193 20184 22023 2.28683 25104 23178 23128 28518 25498 28282 28572




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

Sectors| Agriculture Quarrying & Gas, Oll & Jersey Wholesale & | Hotels, Rest. Land Sea & Alr Trans. Jersey Banks &
Pollutants & Fishing Construction | Manufacturing Electricity Water Fuel Dist. Telecom, Retail Trade & Catering Transport & Trans Supp Post Building Soc.
Global g p fal (GWP) 764503.408 | 143743.774 | 200486.437 | 1386786.364| 174368.418 | 177247.929 | 123180.703 | 155224.121 | 195322.944 | 181472.588 | 415828.701 | 197746.133 | 41149.335
Carbon dloxide (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
{Sutphur dioxide (S02) 6172.220 332.236 1882.116 9700.250 690.435 337.857 383.698 459,765 780.243 369.056 824.026 537.081 109.402
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
N volatile org P (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
S inv, Trusts & Computer Legal Other Bua. Other Service Recreation, Health, Social Public Public AdmIn,
Pollutants Companies Fund Mgrs Services Activities Accountancy Activities Activitles Culture & Sport 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 (C02) 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 (S02) 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) 1132.562 676.897 858,769 920.452 940.460 1104.672 1409.665 1408.504 1515.126 1368.007 5324.039 1431.893
N volatile organi pounds (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) 1174 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
Notos:

1. The GWP (Global Warming Petential) indox is a weighted sum of CO2 {weight 1), methane (weight 21) and N,O (weight 310): it therafora ehould net be read as kilograms’ but simply as an index that is comparable across sactors within an economy and across diffarant economies.
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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

1600000

1400000

Direct Intensity
E Type | (Direct + Indirect) Intensity
EType |l (Direct + Indirect + Induced) Intensity

1200000

1000000

800000

600000 -

400000 -

200000 -

Production/Final Demand Sector




Kilograms of NOx per £1million output/exogenous final demand

expenditure

Figure 7.2 Comparison Of Direct, Direct Plus Indirect, And Direct Plus Indirect Plus Induced N20 Intensity
Of Production To Meet Final Demand and Of Exogenous Final Consumption In Jersey, 1998
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I show matrix Mj, 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 Mj;). 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 N>O in Figures 7.1 and 7.2 respectively.

Note, for example, that both the GWP and N,O 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 N>O intensities and weak backward linkages with other sectors in the local
economy — i.e. the Type I output-GWP and output-N,0 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 N,O 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, X;, 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 Mj)
and/or 7.5 (matrix Mjz).

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 multipliers'® by the scalar
of total final demand for its outputs, ¢; in the Type I case or iy (= (Ci-Ciny)) 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, pjz:
(7.16) pi1 = mj1.;

Where my; is the Kx1 vector of Type I output-pollution multipliers for sector i and c;
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. (piy/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.

' In the general discussion in Section 2 I define the elements of the output-pollution multiplier matrix

as &,;. Here, for the specific cases of Type I and Type II analysis, I define these as (m;)y, and (myy)y,
respectively.
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1. The GWP (Global Warming Potestial) Index Is a weighted sum of CO2 (weight 1), methane (welght 21) and N,O (weight 310): It therefore shoutd nat be read as ‘kilograms' but simply &s an Index that Is comparabls acrose sectors within an economy and across different econommies.

Table 7.6 Total Direct Plus Indirect Emissions Generation (kg') Attr To The Pr ofts | Outputs To Meet Final Demand in Jersey (1998)
Sectors| Agriculture Quarrying & Ges, Ol & Jorsoy Wholesale & | Hotels, Rest. Land Sea & Alr Trans. Jersey Banks &

Pollutants & Fishing Construction | Manufacturing Electricity Water Fuel Dist. Telecom. Retail Trade & Catering Transport & Trans Supp Post Building Soe.

Global LT (GWP) composit 22480630 7405391 13015014 28814139 637144 648821 783769 16737473 21225088 1395993 20377479 118143 999585

Carbon dloxide (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 (S02) 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-methans volatile organic eompounds (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

Nitregen dioxide (N20) 58.2 139.8 58.6 43 29 12.6 6.4 154.8 56.6 29 15.6 0.9 3.5

Black smoke 1159 838 2785 25340 431 49 368 6729 5984 140 20006 61 536

Sectors| Insurance Inv. Trusts & Computer Legal Other Bus. Other Service Recreation, Health, Social Public Public Admin. Total Emissions (kg)
|Poliutants Companles Fund Mgrs Services Activitl tivitl Activities Cufturs & Sport Education Work & Houslng Servkces & Defence Attributable to Production

Global gp (GWF) composit 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 144 860 953 418 369 12342 487 5969 3700 17 804537
Sulphur dloxide (sbz) 1242 16258 549 3168 4730 1173 12847 18099 9627 33400 10691 3002 906428
Nitrous oxides (NOX) 2473 29446 1543 5607 8837 2658 8245 27440 18156 63616 113673 6374 1615602
Non-methene volatile organic compounds (NMVOC) 1342 17745 1603 1479 2290 1779 7030 3880 1798 6172 277655 a77 561739
Carbon monoxkie (CO) 8101 106513 10021 8415 13530 10350 40795 19261 7322 25355 1117913 1701 2403906
Nitrogen dioxide (N20) 1.9 19.8 17 3.5 3.6 51 20.0 13.4 8.3 20.2 6.8 17 643
Black smoke 117 1230 61 303 502 106 167 1225 793 3006 1157 334 73427
Notes:




Table 7.7 Percentage Share In Total Emissions Generated In Jersey (1998) Attributable To Production Sectors And E: Final Const Type | Attribution To Final Demand By Commodity
Sectors] Agricutture | Quarrying & Gas, O & Jorsey Wholesale & | Hotels, Rest. Land Sea & Alr Trans. Jorsey Banks & Insurance Inv. Trusts &
Pollutants & Fishing C Ing Water Fuel Dist. Telecom. Ftall Trade & Catering Transport & Trans Supp Post Bullding Soc. | Companies Fund Mgrs

Global (QWF) comp 7.21 2.37 4.17 9.24 0.20 0.21 0.25 537 6.81 0.45 6.53 0.04 0.32 0.09 1.09
Carbon dloxide (C0O2) as carbon 3.93 251 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 1294 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 dloxlde (S02) 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 7.33 717 0.44 16.21 0.06 0.46 0.11 1.33
{Non-methane valatile organlc 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 0.086 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 dloxide (N20) 3.01 7.23 3.03 0.22 0.15 0.65 0.33 8.01 293 1.18 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 OtherBus, { OtherService | Recteation, Health, Soctel Public Public Admin, Exogsnous Final| Total

Services Activitles Accountancy Activitles Activities | Culture & Sport Work & Housing] __Services & Defence Conaumgtion

Global p (GWP) comp 0.06 0.19 0.27 0.13 0.46 1.18 0.78 2.60 5.38 0.25 44.35 100

Carbon dloxids (CO2) as carbon 0.07 0.20 0.28 0.13 0.48 117 0.83 275 573 0.27 46.25 100

(CH4) 0.01 0.10 0.10 0.04 0.04 1.28 0.05 0.62 0.38 0.01 16.30 100

Sulphur dloxide (S02) 0.05 0.31 0.46 0.11 1.26 1.77 0.94 3.26 1.04 0.29 11.55 100

Nitrous oxides (NOx) 0.07 0.25 0.40 0.12 0.37 1.24 0.82 2.88 5.15 0.29 26.76 100

Non-methane volatile organlc compounds (NMVOC) 0.07 0.06 0.10 0.07 0.29 0.16 0.07 0.26 11.55 0.02 76.63 100

Carbon monoxlde (CO) 0.08 0.06 0.10 0.08 0.31 0.15 0.06 0.19 8.42 0.01 91.89 100

Nitrogen dioxide (N20) 0.09 0.18 0.19 0.27 1.04 0.869 0.43 1.05 0.35 0.09 66.72 100

Black amcke 0.08 0.41 0.68 0.14 0.23 1.67 1.08 4.09 1.58 0.45 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, pi; will be:

(7.17) pi2 = MpCi(n)

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 N,O. 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 N,O
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 N,O
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 10
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 Emissi fon (kg") Attrib To The Production O1 S | Qutputs To Meet Final Demand In Jersey (1998)
Sect Ag! Quarrying & Gas, Ol & Jorsey Wholesale & | Hotels, Rest. Land Sen & Alr Trans. Jersay Banks &

Pollutants & Fishing C M El ity Water Fuel Dist. Telecom. Retall Trade & Catering Transport & Trans Supp Post Bullding Soc.

Global LT (GWF) comp 27101866 22305318 17257583 456439 570608 79366 -34488 28586341 33077403 2853922 17607858 283885 42615975

Carbon dloxide (CO2) as earbon 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 diexide (S02) 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 volatlle organic compeunds (NMVOC) 62380 155465 79539 301 3302 580 -256 208926 172615 22231 26111 2191 380526

Carbon monoxide (CO) 348578 881946 453978 1603 19154 3311 -1483 1211525 993478 129256 383925 12425 2213706

Nitrogen dloxide (N20) 95.2 2314 86.7 0.2 3.4 1.0 0.3 222.7 162.1 315 37.6 2.0 2971

Black smoke 2322 4177 3709 385 240 12 -10 7963 8217 476 14348 78 9519

Sectors{  [neurance Inv. Trusts & Computer Legal Other Bus. Other Service Recreation, Health, Soclal Public Public Admin. Total Emissiona (kg)

Pollutants Companles Fund Mgrs Services Activities Accountancy Activities Activities Culture & Sport Education ‘Work & Housing Services & Defence Attributabla to Production
Global g potential (GWP) composits 801173 29439754 960518 1301684 10433904 2429269 50835 3121687 8638350 15375350 20874144 10281786 296670532
Carbon dioxids (CO2) as carbon 777897 28503522 935159 1263608 10139707 2360898 49761 2975144 8623204 14987185 20675846 10006964 276354971
Methane (CH4) 1025 41581 1102 1680 12956 2978 44 6720 9408 17153 8908 12068 941340
| Sulphur dioxide (S02) 2175 83359 2523 3748 29461 6365 261 11186 24938 45777 21419 27353 1019505
Nitroua oxides (NOx) 5442 201888 6617 2028 72427 16103 321 21813 59864 106691 140839 69100 2136097
Non-methane velatile srganic compounds (NMVOC) 7051 254614 8575 10918 89740 20791 380 17668 67385 106524 314397 87542 2169494
Carbon monexide (CO) 41116 1485687 50613 63526 522709 121052 2210 101659 390335 615019 1334197 508754 118882680
Nitrogen dioxide (N20) 56 2033 741 9.0 713 188 05 175 56.7 90.2 36.2 69.0 1766
Black smoke 185 6857 226 323 2575 539 9 832 2082 3940 2056 2367 73427

Notea:

1. The GWP (Global Warming Potential) Index is a welghtod sum of CO2 (weight 1), methane (weight 21) and N,O {weight 310): It therstore should not be fead as 'kilograms' but simply as an index tha is comparable across sectors within an economy and across ditferent economies.




Table 7.9 Percentage Share in Total Emissions Generated in Jersey (1998) Attributable To Production Sectors And Exogenous Final C: n: Type Il Attribution To Flnal D By Ci dity
Sectors|  Agriculture Quarrying & Gas, Ol & Jersey Wholesals & | Hotels, Rest, Land Sea & Alr Trane. Jareey Banke & Insurence Inv. Trusts &
Pollutants & Flahing Construction | Manufacturlng Electricity Water Fuel Dist, Telecom. Retail Trade & Catering Transporl & Trans Supp Post Bullding Soe. Companles Fund Mare
Global warming potential (RWF) 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 dloxide (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
{CH4) 52.97 232 10.71 0.00 0.05 0.01 0.00 3.05 10.22 027 0.60 0.03 5.68 0.11 4.33
dloxide (SO2) ' 21.35 5.03 10.91 0.31 0.22 0.01 -0.01 8.26 13.06 057 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
N volstile organte compounds (NMVOC) 2.60 6.47 3.3 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 monexide (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 11.18
gen dioxide (N20) 493 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 .11 12.96 0.25 9.34
Sectors|  Computer Legal OtherBus. | OtherService | Recreation, Health, Soclal Public Public Admin. Exogenous Final Totat
Pollutants Services Activities Accountancy Activitles Activitiea | Culture & Sport| _ Education | Work & Housin Services & Defsnce Consumption
Global potentlal (GWP) comp 0.31 0.42 3.35 0.78 0.02 1.00 2.83 4.93 6.69 3.30 4.87 100
Carbon dloxlde (CO2) as carbon 0.32 0.43 3.48 0.81 0.02 1.02 2.96 5.15 710 3.44 5.05 100
Mathane (CH4) 0.1 017 1.35 0.31 0.00 0.70 0.98 1.78 0.93 1.26 2,07 100
|Sulphur dloxide (502) 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 2.7 4.84 6.38 3.13 3.16 100
Non-methane volatile orgenic 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 0.77 294 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




% Contribution to Jersey GWP Index

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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% Contribution to Total NOx Emissions

Figure 7.4 Percentage Share In Total Emissions Of N20 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 N,O. This is because most of the outputs that have embodied N,O emissions
are produced to meet non-local final demand. That is to say, the main direct
generators of N,O 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 N,O, 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 I
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 N,O (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 N,O 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) pu = MilI-A]'(C); + m,C,

Where (Cj), is the (Ix1) vector of final demand expenditure by final demand group z

on the outputs of the i local production sectors, and C, 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) Pz1 = M;i(C); + m,C,

Households and tourists are the only final demand sectors in the Jersey economy that
are responsible for the direct of emissions!’. For all other sectors the second element

on the right-hand side of (7.19) will drop out.

In the Type II case we have

(7-20) P2 = MiZ(Ci)z + m,C,

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 (Kx1) vector my of aggregate
household expenditure pollution coefficients (from the 9x2 version of matrix M;)
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, (C, = Cy) is smaller in absolute terms than in the Type I case. In the
Type I case Cy, - £1059.2million. In the Type 1I 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.

" See Chapter 6, Section 3.
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Table 7.10 Direct Plus Indirect Emissions Intensities (kg') Per £1million Expenditure By Final Demand Sectors - Type | Final Demand Expenditure-Pollution Muitipliers

Final Demand Sector] Household Household Household Household Household

Consumption | Consumption | Consumption | Consumption | Consumption Tourism Jersey Exports Exports Exports
Pollutant 1 2 3 4 5 Expenditure GDFCF GGFC UK REU 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 227113 382.397 30.916 41.868 682.335 158.692 17.229
Sulphur dioxide {S02) 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 oxldes (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 organlc 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 dloxide (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. The GWP (Global Warming Potential) Index is a weighted sum of CO2 (weight 1), methane (weight 21} and N,O (weight 310): it therefare shoutd 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 | Expenditure-Pollution Multipliers
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Figure 7.6 Direct And Direct Plus Indirect N20 Intensities Of Final Demand
Expenditures In Jersey (1998) - Final Demand Direct Emissions Intensities
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Once I have calculated (7.19) and (7.20) for each final demand sector it is also
possible to determine Type I and Type 1I final demand pollution multipliers for each
final demand sector, z. These are expressed as p,1/C; and p/C; - 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 N,O (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 M, (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 SO,, 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 N,O, 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. N>O, with weight 310, is
related to automotive fuel use and intensity therefore peaks in the second income
band. CO,, which enters the GWP index with weight 1, is generated during both
automotive and heating fuel-use. I note above that the intensity of fuel use for
heating purposes falls as income rises. However CO, generation in Jersey is mainly
related to automotive fuel use and therefore CO,-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 N,O-intensive and/or where
most N>O 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 N,O 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 N,O 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 N,O 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 (kg") Generated In Jersey (1998) Attributable To Final Demand Sectors - With All Final Demand Expenditure Determined Exogenousily

Final Demand Sector|

Tourlsm Jersey Exports Exports Exports Total Emissions (kg) Attributable
Pollutant 1 2 3 4 5 Expenditura GDFCF GGFC UK REU ROW Stocks to Exogenous Finat Demand
Global g potentlal (GWF) comy 16235701 | 30554416 | 37449130 | 45851037 | 63046790 | 27597070 | 9246904 | 23213039 | 47439711 | 4181107 | 6432043 604019 311850966
Carbon diox!de (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 10857 1848 961262
{sulphur dloxide (S02) 59046 79827 112138 110302 126995 96874 25765 37258 317386 27502 28291 3408 1024795
Nitrous oxldes (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 1891 50 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) S0 223 274 351 435 186 139 25 147 13 48 4 1933
Black smoke 4722 6560 8444 9004 11773 5365 1980 3522 17743 1498 2563 253 73427
Notes:
1. The GWP (Global Weutning Potential) Index is & weighted sum of CO2 (weight 1)}, methana tweight 21) and N0 tweight 310): it therefare should not be read as ‘kilograms' but simply as an Index that is comparable across sectors within an sconomy end across.
Table 7.12 Percentage Share In Total Emissions Generated in Jersey (1998) Attributable to Final Demand Sectors - Type | Attribution To Final Demand By Category
Final D Sector| | ; b ; td t
C p C p C ( Tourlsm Jersey Exports Exports Exports Total
Pollutant 1 2 3 q 5 Expenditure GDFCF GGFC UK REU ROW Stocks
Global gp lal (GWF) comp 5.21 9.80 12.01 14,70 20.22 8.85 297 7.44 16.21 1.34 2.06 0.19 100
Carbon dloxide {CO2) as carbon 5.36 10.19 12.49 15.33 21.11 8.80 3.06 79 12.34 1.09 213 0.19 100
Methene (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 dloxide (S02) 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 oxldes {NOx) 528 9.14 11.58 13.49 17.88 8.47 261 7.42 19.54 1.64 2.68 0.26 100
Non-methane volatile organic compounds (NMVOC) 4,93 1225 15.25 18.95 22.68 7.87 0.73 11.70 4.11 0.39 1.06 0.07 100
Carbon monoxIide (CO) 6,15 12.97 16.00 20.03 23.96 8.33 0.58 8.53 293 0.32 1.11 0.07 100
Nitrogen dloxide (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 | Attribution to Final Demand by Category (With All
Final Demand Expenditures Determined Exogenously)
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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 N,O (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 11 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 1 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 resﬁlts for the GWP index and N,O 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 (kg') Per £1million Expenditure By Final Demand Sectors (Type Il Final Demand Expenditure-Pollution Multipiiers)

Final Demand Sector| Aggregate (Non-Wage
Related) Househotd Tourism Jersey Exports Exports Exports

Pollutant Consumption Expenditure GDFCF GGFC UK REU 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. The GWP (Global Warming Potential) Index Is a weighted sum of CO2 (weight 1), methane (weight 21) and N.O (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 Il Final Demand Expenditure-
Pollution Multipliers
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Figure 7.10 Direct Plus Indirect Plus Induced N20 Intensities Of Final
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Table 7.14 Total Emisslons (kg') Generated In Jersey (1998) Attributable To Exogenous Final Demand Sectors - With Household Expenditure Funded By Local Wage Income Determined Endogenously

Final Demand Sector| Household Tourlsm Jorsey Exparts Exports Exports Total Emissions (kg) Attributable
Pollutant Consumption | Expenditurs GDFCF GGFC UK REU ROW Stocks to Exogenous Final Demand
Global warming potentlal (GWP) composite 5758987 | 48126914 | 29624600 | 55719984 | 101011986 21426905 | 48714112 | 1467476 311850966
Carbon dloxide (CO2) as carbon 5608336 | 45563548 | 28710840 | 54617587 | 87957296 | 19930594 | 47274044 | 1402938 291065182
Methane (CH4) 6399 117181 39346 48750 613904 69261 63496 2927 961262
Sulphur dloxlde (S02) 5289 149796 78294 121054 455484 71958 137285 5634 1024795
Nitrous oxides (NOx) 24346 322931 192619 379019 . 785964 150390 339140 11484 2205893
Non-methane volatlle 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 Potentiaf) Index ia a welghtsd sum of CO2 {welght 1), methane (weight 21) anc N,O (welght 310); k therefore should not be read as kilograms' but simply as an index that is comparable across sectors within an sconomy and across

Table 7.15 Percentage Share In Total Emissions Generated in Jersey (1998) Attrlbutable To Flnal Demand Sectors - Type Il Attribution To Final Demand By Category

Final Demand Sector] Household Tourlsm Jersey Exports Exports Exports
Pollutant Consumption | Expenditure GDFCF GGFC UK REU ROW Stocks Total
Global warming potential (GWP) composite 1.85 1543 9.50 17.87 32.39 6.87 15.62 0.47 100
Carbon dioxide (CO2) as carbon 1.93 15.65 9.86 18.76 30.22 6.85 16.24 0.48 100
Methane (CH4) 0.67 12,19 4,08 5.07 63.86 7.21 6.61 0.30 100
Sulphur dloxide (S02) 0.52 - 14.62 7.64 11.81 44.45 7.02 13.40 0.55 100
Nitrous oxides (NOx) 1.10 14.64 8.73 17.18 35.63 6.82 18.37 0.52 100
Non-methane volatlle organic compounds (NMVOC) 3.13 15.64 8.44 24.01 24.39 6.92 17.07 0.40 100
Carbon monoxide (CO) 3.34 16.53 8.71 21.50 24.31 7.21 17.99 0.42 100
Nitrogen dioxide (N20) 2.72 17.11 14.60 13.12 27,15 6.98 17.80 0.51 100
Black smoke 0.00 13.35 8.70 14.37 39.93 712 15.94 0.60 100




Figure 7.11 Contribution Of Final Demand Sectors To The GWP Index For
Jersey (1998) - Type Il Attribution to Final Demand by Category (With Wage-
Related Household Expenditure Determined Endogenously)
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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), M; (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, M, being the 9x6 version, with households disaggregated by

income, as shown in Table 6.15.

In the matrix M, 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 my. 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, M. 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 1 require a (9x1) vector of
coefficients, m¢*, that reflect direct emissions in kilograms generated in Jersey by
export demand (tourist expenditure) per £1million of imports — i.e. direct emissions

per £1million 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 m¢* 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
GDFCEF), is not responsible for any direct emissions generation. Therefore there will
be a (kx1) vector, o, of zeros in the new combined matrix, My, of direct emissions
intensities for the production sector of the economy. My is a (kx(i+2) and takes the

form:

(721) Migy = [Mi : m¢* : o]

3.5.2 Neo-Classical Qutput-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
(IxI) 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

356



(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 (£1million) 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 (I+2) sectors/activities per £1million of
trade. Finally, the elements in the ‘capital formation’ column tell us how the input
requirement from each sector/activity is affected by £1million 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 £1million of local final consumption demand for the output of sector i.
The multiplier for the trade sector tells us the economy-wide impact of £1million 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 £1million of investment demand.

I multiply the neo-classical inverse by the adjusted matrix Mg 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 = Mjgy.[I-A*]?

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 £1million 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 £1million
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
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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 N;O
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 N,O and adds 154108 points to the GWP index,
compared to the 1.75kg of N,O 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, I 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 =P; + P, = Miy.[I-A*T'Ci + M,C" = NG; + M,C*
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Table 7.16 Export Consumption Direct Emissions Coefficients

Direct emissions (kg') per

Pollutants £1million trade in Jersey, (m,),
Global warming potential (GWP) composite 9514.860
Carbon dioxide (CO2) as carbon 9192.119
Methane (CH4) 13.657
Sulphur dioxide (S02) 0.000
Nitrous oxides (NOx) 45.902
Non-rﬁethane 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
N20 (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
Sectors Aok Qurynga Gos, 01 & Ay Wholsaie & Hatel, Rewt. Lnd Boa kAF Trans, serney Banks & L . Trss s Ceommpaner Lagal Other Bus. Otter Sarvios. Recreation, Heamh, Bocll Puble Aubllo Admin. Cophen
APuhing Corwtruoton | Nesderteig Enoriony Watar Puaf it Tolasom. Rt Trade. & Catoring. Troneport & Trwrn Supo. Post Aunong e | Compnies FndMon, Survies Acthiies Ascartaney Actiies Adtiviies. Eoucation Serviows 2 Defwve. Expae. Aamatin
| Agriainre & Plabing 1.02584 001832 038013 0.02983 0.01778 0.00758 0.02408 0.0157¢ 0.04339 001008 0.01969 0.0 0.01537 0.01244 0.01718 0.02091 0.0102% 9.01052 0.00082 0.00905 0.09883 0.01260 001412 0.02008 0.01818 0.08132 0.015¢1
| QuyTying & Conetrudtion 0.10851 1198132 0.1225¢ 02841 B.14045 0.00343 015047 0.10284 c.11821 Q0111 Q13082 ©.08008 012840 0.0797% 040792 o.im8 0.06743 0.08382 0.0847% 0.67080 014508 0.10874 0.10088 0.2379%0 0.07090 024034 0.14702
Mwrastactryg 0.03128 003128 1.05879 0.04734 0.03175 0.02189 0.05547 0.02832 0.03628 0.03564 0.03039 0.03188 0.02909 0.02752 0.04114 0.03076 002774 0.02182 0.02249 0.02072 0.03942 0.02000 0.02877 0.03466 0.02320 012138 0.02314
Eotriony 0.03130 0.00882 0.03880 1.00907 0.05038 0.00640 0.e1772 0.c2090 0.02585 0.01042 0.0402¢ 0.01034 0.00538 0.00727 0.00738 0.01200 0.00898 8.00848 0.0067 0.00076 0.02098 0.01428 0.01926 0.049208 0.00947 0.02260 0.00518
Wete 0.00785 0.00201 000881 0.00817 1.00289 0.00119 0.00324 00280 0.00088 0.00300 0.00520 0.00200 000307 0.00218 0.00287 0.00293 0.00231 0.00100 0.00187 0.00234 0.00094 0.0e311 0.00748 o.01ee2 000348 0.00734 0.00348
 Gurs, o8 & o] tiotrRasticy 0.01200 0.00275 0.00028 0.0023% 0.00204 1.00270 0.00212 0.00248 0.00752 0.00431 0.00274 0.00157 0.00112 0.00103 0.00143 f.00211 0.00104 0.00085 o007 0.00384 0.00085 0.00587 0.00858 0.02138 000376 000508 0.00112
[Sereey Tolsoommunioetions 0.01085 0.00934 0.01150 D.01025 0.00967 c.oNMTS 1.00845 0.01328 eo1118 0.00960 0.00520 0.00857 0.00437 Q01735 0.00962 001711 002 0.01389 0.01346 0.00502 0.01370 0.00898 ©0.01202 0.02087 0.00481 0.01503 0.00241
[ Whoiseale & Aeaal Trade 0.11144 0.00777 0.12554 0.12302 0.10345 0.63040 0.22042 1.07349 €.07472 0.07314 0.08844 0.04879 c.07T984 0.05458 0.07429 0.00057 0.04020 0.05142 0.04104 0.04018 0.00348 0.09449 0.10848 0.10808 0.08186 020757 0.08450
[Hote, Reeteurants & Catering. 0.05102 0.05337 0.09797 0.10108 0.05794 0.02118 0.07563 0.04738 1.04843 0.05304 0.08677 0.03712 0.05090 0.63912 0.05195 0.08838 0.02085 0.03368 0.02534 0.02082 0.08671 0.04331 0.04307 0.00780 0.05208 028084 0.04963
Land Transpart 0.00802 0.00022 0.01102 0.009%0 0,00573 0.00215 9.00T71 0.00483 0.00582 1.00521 0.00857 0.00348 0.00803 0.00453 0.00%84 0.00671 0.00302 0.00541 0.00250 0,00200 £.00000 0.00580 0.00505 Q02807 0.00523 002737 0.00483
Sva & A Transport & Tranepont Suppant 0.01503 0.01523 0.03758 0.02084 o0.01684 0.00673 vonr? 0.01942 0.01807 0.01871 10187 0.05195 0.01449 0.01244 0.01735 002172 0.00839 0.01014 0.00707 .01862 0.02058 0.01299 0.01370 001902 001458 007738 001388
| Jarnay Post 0.01028 0.00852 0.01192 0.01004 0.01448 0.01510 0.01280 0.01883 0.00732 0.07432 0.00502 1.00834 0.00820 0.02849 0.01025 0.00752 000810 0.00409 0.01228 0.00548 0.01279 0.00753 0.00844 0.01708 0.00487 0.01802 0.00302
| Barks & Buliang Sooletise. 0.38325 034303 0.62401 0.83423 0.40741 0.13839 0.47389 030320 038112 033753 0.41789 0.20608 131788 0.24242 033234 0.42077 0.18328 020450 0.a5720 0.19049 0.20500 024991 0.42107 032470 1.75402 0.31009
{reurence Companies 0.03420 0.00703 0.01018 0.00602 0.01372 0.00191 0.00062 0.00846 0.00817 0.00857 0.00404 0.00281 0.00315 1.00385 0.00524 0.00891 0.00013 0.00338 0.01208 0.0077% 0.0007t 0.00557 0.00452 0.00891 0.00281 0.01478 0.00314
Irvestment Trusts & Puret Managers 0.08a77 0.00007 0.17854 0.37650 0.10091 0.00679 013177 0.08287 0.07708 0.09158 0.11848 0.05754 0.06852 0,06823 1.08911 0.11906 0.08028 0.0507¢ 0.04288 0.05180 0.11344 0.07260 o.0e818 011058 0.09073 077 0.08652
| Computr Servines 0.00739 0.00788 0.01108 0.00848 0.00739 0.00970 0.01920 0.00812 0.00747 0.00097 0.000868 0.00630 8.00802 0.00620 D.00918 1.0071€ 0.0035% 0.05112 0.01085 0.0037¢ 0.00936 0.00016 .00 0.00717 0.00529 0.0240 0.0057%
Logal AcPrites 0.03978 0.01950 0.04300 0.03151 0.02520 0.01282 0.02T88 0.04440 0.04352 0.04434 0.0088 0.0149 0.01844 0.05781 0.04315 0.00191 1.03538 0.01703 0.04368 0.01347 0.04500 0.01256 0.02737 0.02300 o0sn 0.08518 0.01312
| Avocuntancy 0.03043 0.02006 0.05089 0.04920 0.03140 0.01170 0.03751 0.02656 0.02889 0.03179 0.03239 0.01869 0.02514 0.03233 002719 ©.03598 0.01764 101857 002180 0.02243 0.03422 0.02178 0.02090 063318 0.02503 013308 0.02441
Cttwr Busiress Actiries t.a7338 0.04394 0.08025 0.04192 o.168398 0.00671 0.04370 0.07748 0.04500 0.06457 0.02022 007743 0.02208 0.00714 0.04491 0.05880 0.00838 0.08322 1.08450 0.02408 0.00903 0.02178 0.04539 0.05489 0.02138 0.00590 0.02158
| Ottvr Borviows Activities. 0.032%8 0.00784 0.01437 0.00390 0.00520 0.01a74 0.00033 0.01109 0.00683 0.01856 0.00507 0.0G404 0.00253 0.00263 0.00278 a.00478 0.00221 0.00203 0.0029% 100285 0.00948 0.00323 0.003M LXal 0.00348 0.00008 0.00233
Rooraation, Cumrs b Sport 0.00348 0.00355 0.00658 0.00881 0.00394 000143 000514 0.00822 0.00300¢ 0.00357 0.00455 0.00224 0.00348 0.00250 0.00347 0.00465 0.00190 000221 0.00167 0.00202 1.00849 0.00283 0.00267 0.004353 0.00308 0.01%20 0.00338
 Edueation 0.00043 0.00048 0.00088 0.00090 0.00051 0.0001% 0.00007 0.00042 0.00089 0.00048 0.00058 0.00020 0.00043 0.00024 0.00045 0.00000 0.00025 0.00020 0.00022 0.00026 0.00058 1.00097 0,00038 0.00050 0.00048 0.00250 0.00044
Mealth, Scalet Work & Housing 0.00013 £.00013 0.00024 0.00028 0.0001% 0.00008 0.00019 0.60012 0.00011 0.00013 0.00017 0.00008 0.00013 0.00010 0.00013 0.00017 0.00007 0.00008 0.00008 0.00007 0.00010 0.00010 1.00010 0.00017 0.00013 8.00071 0.00012
[Mubste Serviors 0.00000 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 0.0000G 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 9.00000
iy Admirmarazion & Detence 0.00484 0.00058 0.00253 0.00273 0.005e8 0.00209 0.00147 0.00228 c.o0128 0.00198 0.00111 0.00034 0.00048 0,00120 0.00070 0.00167 o.00160 0.00093 0.00031 0.00051 0.00328 0.00122 0.00631 0.00333 1.00046 0.00183% 0.00041
Irports. 029270 030110 0.5502¢ 058591 033407 012152 0.43501 0.27285 0.25434 0.302905 0.38562 019013 020818 021910 020480 039422 0,16015 018782 04172 017129 0373438 024040 0.22540 038598 0.30084 1.62007 0.28058
092101 | 090148 | tunsen | os7074 | o3va0s | toa3zy | oerg74 | osoosr | ostess | 103950 057714 | 124842 | oeoss2 | 100000 | 090427 | ove024 | o7es07 | 060390 | ocerves | osesoe | oaesn oesu8 06732 | oaamz | 22040 | vasay
Tow) - Meo-clevsicel output mutktpliers | 32488 3881 42278 A2242 2.8337 1.0228 38488 20m7 31000 32364 34808 24828 33840 25078 32038 34837 25318 2.6000 22135 24017 34768 24878 2.8849 as7e2 | 24w00 | 76813 | 28000 |




Table 7.18 Emissions Intensities (kg') Of Production To Meet Local Final Consumption And Export D d, With Endogenised Trade And Capital Formation, In Jersey (1998) - Neo-Classical Qutput-Pollution Multipliers

Sector| Agriculture Quarrying & Gas, Ol & Jergey Wholesale & | Hotels, Rest. Land Sea & Air Trans. Jersey Banks & Insurance

Pollutant & Fishing Constru M ing Eleciricity Water Fuel Dist. Telecom. Retall Trade & Catering Transport & Trans Supp Post Soc. Comp:
Global 9P (GWP) 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 (CO2) 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

(CHa) 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
N volatile organi n (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

gen 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 27.080 29.633 35.209 17.250 331,223 26.448 10.232 11.859

Sec\av‘ lnv, Trusts & Computer Legal Other Bus. Other Service Recreation, Health, Soclal Public Public Admin, Trade l
Pollutant Fund Mgrs Services Activitles Accountancy Actlvities Activities Culture & Sport Educatlon Work & Housing Services & Defence {Exports/imports)
Global p (GWP) comp 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 | 26143.312 | 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 dloxide (SO2) 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
N volatile organ} (NMVOC) 167.260 346.760 99.061 99.376 139.854 498.078 223.976 112.987 120.150 10580.254 111779 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 dloxide (N20) 0.270 0.468 0.218 0.185 0.359 1.366 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
Notes:

1. The GWP (Global Wartning Potential) tndex ts a woighted sum of COZ (weight 1), mathane (weighit 21) end N;O (weight 310}; it therefore should ot be read as ilograms' but simply as an index that i within an y diferent
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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
Mulitipliers

1600000

1400000

1200000

1000000

800000

600000 -

Consumption Demand

400000 -

Sector



Kilograms of N20 per £1million of Production to Meet Local Final

Consumption Demand

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 (kx1)

vector p,x of total emissions attributable to each by calculating (7.23) for each local

final demand sector, z, i.e.
(7~24) P2N = N(C), + m,C,

Because government final consumption (GGFC) is not responsible for any direct
emissions generation (in the Jersey 10 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 (p.n/Cy). 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. T also illustrate the results for the GWP index and N,O
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 houscholds 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 (kg') Per £1million 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 (S02) 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 N,O (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 (kg"} Attrlbutable To Local Final Consumption Demand In Jersey (1998)

(In The NCLAS System, With Endogenous Trade And Capital Formation)

Final Demand Sector

Total Emissiens (kg)
Attributable to Local

Final Consumption

’ ¢ c c c Jorsey
Pollutant 1 2 3 4 5 GGFC
Global potentlal (GWF) It 23531240 | 43385252 | 54186717 | 67715006 | 94593707 | 28439043
Carbon dloxide {CO2) as carbon 21721806 | 40441565 | 50437300 | 63036420 | 87976928 | 27449163
Methane (CH4) 84242 135826 173117 215792 305959 46325
Sulphur dioxide (502) 97273 147046 199734 224566 291905 64270
Nitrous oxldes (NOx) 175760 306122 391640 475403 651027 205941
Non-methane velatite organic compounds (NMVOC) 144653 340516 426610 533834 658148 299750
Carbon monexide (CO) 819108 1961511 2435320 | 3065235 | 3767524 | 1228547
Nitrogen dloxide (N20) 130 295 368 474 612 55
Black smoke 6971 10515 13600 15735 21486 5120
Noten:

1. The GWP (Giobal Warming Potantia) index s & welghted sum of CO2 (welght 1), methane weight 21) and N; (weight 310): ¥ theraiors should not bs read as ilogram’ but simply &3

anindexthal s ¥

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)

311850866
291065182
961262
1024795
2205893
2403511
13277245
1933

73427

Final Demand Sector K i | H

c c p ¢ c c Jersey
Pollutant 1 2 3 L) 5 GGFC
Global (GWP) compost! 7.55 13.91 17.38 21.71 30.33 8.12
Carbon dloxlde (CO2) as carbon 7.46 13.89 17.33 21.66 30.23 8.43
Methane (CH4) 8.76 14.13 18.01 2245 31.83 4.82
Sulphur dioxide (S02) 9.49 14.35 18.48 21.91 28.48 6.27
Nitrous oxides {(NOx) 7.97 13.88 17.75 21.55 29.51 9.34
Non-methane volatile crganic compounds (NMVOC) 6.02 1417 17.75 2221 27.38 12.47
Carbon menoxide (CO) 6.17 14.77 18.24 23.09 28.38 9.25
Nitrogen dioxide (N20) 8.73 15.24 19.02 24.52 31.64 284
Black smoke 9.49 14.32 18.52 21.43 29.26 6.97

Total

100
100
100
100

100
100
100
100




Figure 7.15 l.\ttribution of The GWP Index For Jersey (1998) To Local Final
Consumption-Demand In The Neo-Classical Linear Attribution System
(With Endogenous Trade and Capital Formation)
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Figure 7.16 GWP Intensities Of Jersey Local Final Consumption (1998),
With Endogenised Trade and Capital Formation - Neo-Classical Final
Demand Expenditure-Pollution Multipliers
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Figure 7.17 Attr.ibution Of Total N20 Emissions Generated In Jersey (1998)
To‘Loc-al Final Consumption Demand In The Neo-Classical Linear
Attribution System (With Endogenous Trade and Capital Formation)
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Figure 7.18 N20 Intensities Of Jersey Local Final Consumption (1998),
With Endogenised Trade and Capital Formation - Neo-Classical Final
Demand Expenditure-Pollution Muitipliers
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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
atiributable 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 N,O in Figure 7.17. In the Jersey
environmental IO accounting system constructed here emissions of N,O 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 N,O 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 N;O 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 N,O 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 CO,. 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 10
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 1 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 I-O 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.
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Chapter 8. A Mulfi-Sectoral Economic-Environmental CGE
Modelling Framework for Jersey (JEMENVI)

1. Introduction

In Chapters 6 and 7 I construct an environmental 10 system for Jersey, using the
basic Leontief methodology adopted by most of the environmental 10 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 10 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 10 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 thé 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, I introduce the n-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 JEMENVL. 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 ol (1991). AMOS was initially
parameterised on 1989 data for the Scottish economy'. Harrigan et al (1991, p.424)
explain that AMOS is regarded as a modelling framework “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. 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

A final set of model parameters that are calibrated on the initial equilibrium

(V8]

conditions —e.g. the constant in the migraﬁon function (equation (8.24) below in

Section 2.1.3).

"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.
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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(Wa, Wii)

(8.2) Wage setting

Wa =Wy (N/L, cpi)

(8.3) Labour force

L=L

(8.4) Consumer price
index

RUK - RUK ROW - ROW

cpi 22@ p; + 29. p; +Z49i

(8.5) Capital supply

(8.6) Capital price index

- RUK ROW - ROW

kpi =z7/i pi + Z}’iRUKI’i +z7’i

Pi

(8.7) Labour demand

N = N4Qi, W, W)

(8.8) Capital demand

K* = K%(Qi, W, Wi)

(8.9) Total labour
demand

zNid=N

(8.10) Capital market
clearing

(8.11) Household
income

Y =W, Nw, + ¥g Z K iWii

(8.12) Commodity
demand

Qi=Ci+L+ G+ X

(8.13) Consumption
demand

Ci= Ci(pi, p—iRUI(s BiROW’ Y’ Cpl)

(8.14) User cost of
capital

uck = uck(kpi)
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Economic equations
(cont..)

(8.15) Desired capital
stock

K =K%Q, W, uck)

(8.16) Investment
demand

I =TIi(pi, pV%, pi*OY, Zb i1;%)

L=2(K Ky

(8.17) Government
demand

G[=_G[

(8.18) Export demand

Xi — Xi(pi, p_iRUK’ EiROW’ _DRUKJ_)ROW)

Multi-period model

Stock up-dating equations

(8.19) Labour force

Li=Lt1 + nmgyy

(8.20) Migration

_n?g = nmg (Wy/epL,wn" o /epitor, N/L, NRUK/ RUKy

(8.21) Capital stock Kii= (1 — d) Kip + Liet®
Environmental Short-run
equations

(8.22) Pollutants

POLk: Zm;in“* ZmZkCZ
i i

(8.23) Physical energy
use

FUELi= > gaQit » £aCs
! 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(.) net migration function

p() cost function

uck(.) user cost of capital formulation
w(.) wage-setting equations

Kd(.), Nd(.) factor demand functions
C(), I(.), 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
1 investment demand for local goods
I ‘ investment demand by activity

K% K5 K capital demand, capital supply and capital employment

L labour force

Ne N labour demand, and total employment
Q commodity/activity output

X exports

Y household nominal income

b elements of capital matrix

cpi, kpi consumer and capital price indices

d physical depreciation
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nmg net migration

p price of commodity/activity output

uck user cost of capital

Wi, Wk wage, capital rental

W share of factor income retained in region

0 consumption weights

v capital weights

A capital stock adjustment parameter

POLy quantity of pollutant k

mjy output-pollution coefficients

myy (final demand) expenditure-pollution coefficients
FUEL, quantitity of energy/fuel type 1

&l output-energy use coefficients

€21 (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).

Income transfers are generally suppressed.

Taxes are ignored.

The participation rate is ignored.

“woA BN

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 framework®. 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)y 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.

2.1.1 Overview

The initial AMOS framework incorporates:
¢ 3 transactor groups — households, firms and government3

e 3 commodities and activities — manufacturing (M), non-manufacturing traded

(NMT), and non-traded/sheltered (N )

e 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):

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).
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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.)
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).

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 model®).

* 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.
° There is also an option that keeps the total capital stock constant but allows sectoral mobility.

% This variant of the AMOS framework also admits increasing returns technology, subject to second
order conditions being satisfied for profit maximisation.
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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, o, 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 10
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
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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 outplit 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 LNJ (1991).
(8.24) m = f - 0.08(us — uy) + 0.06(ws —w,)

where:

m = the net in-migration rate (as a proportion of the indigenous population)
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wyx and uy = the natural logarithms of the real consumption wage and
unemployment rates in Scotland (s) and RUK (r)
B = a calibrated parameter (i.e. the value of f 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 n-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 n-sector case. As with the initial version of AMOS, the
n-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 N-sector Variant Of AMOS To Construct An

Economic-Environmental Modelling Framework For Jersey (JEMENVI)

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 case’.

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 - I
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.

7 Note that in Chapter 5, Section 4.2 I explain how it is not possible to disaggregate houscholds 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.
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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, | 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

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

® 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 [ 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:

o Speed of adjustment, actual to desired capital stock: 0.3
o Elasticities of substitution in production of (all activities)
- Value added (capital and labour): 0.8 (CES)
- Intermediates composite: 0.0 (Leontief)
- QGross output (value added and intermediates composite): 0.0 (Leontief)
e 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
consultants’. 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 5.3'°. 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

® 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.

' As 1 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 sensitive''.

4.2 Adding The Environmental Component (JEMENVI)

Where an economic-environmental model is required for Jersey, the n-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= > mu Qi+t Y maC;

Where POLy is the total physical amount of pollutant k generated in the economy in
the chosen time period, my and my 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

' 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.
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respectively reflect the physical amount of pollutant k generated for each monetary

unit of sectoral output, Q;, and final demand expenditure, C,.

Specifically, I use the Jersey-specific matrices M; and M, in the JEMENVI model
database to allow computation of equation (8.17). (Note that the appropriate version
of M, 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 M, 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 generation'?. 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.

Therefore 1 have to compute direct emissions generation by tourists in Jersey off-
line. I do this by taking C,, 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 m¢ to the change

in tourist expenditure on the composite commodity of the ‘Gas, Oil and Fuel

2 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
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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= % £uQit ) £2C,
! z

Where FUEL, 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 1, and final demand sector, z, respectively, as derived in Chapter 6,
Section 5 (matrices E; and E,). 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

economic-environmental database for 1994. An example of using the AMOSENVI 94 framework for
economic policy analysis can be found in the co-authored paper, McGregor et al (2001b).
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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 n-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, I 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. llustrative Simulations in the JEMENVI CGE
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 10 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 nqte 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 variables’.

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

arc:
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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:

(2) 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)z. 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):

% 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 9A, 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 2 I 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 1 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 Simulation 2
(vs base) (vs Sim 1)
Finance demand shock Simulation 3 Simulation 4
(vs base) (vs Sim 3)
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Table 9.1 Jersey Projected Population Changes For The Period 2001-2011 - Nil Net Migration Hypothesis

Year 2001 2002 2003 2004 2005 2006 2007 2008 2009} 2010 2011
Popuiation
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 2001 2002 2003 2004 2005 2006 2007 2008 2009| 2010| 2011
Population '
Total population 88022 88438 88824 89191 89538 89867 90187 90498 90804 91110 91408
% change from 2001 base 0 0.47 0.91 1.33 1.72 210 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) OE 0.27 0.54 0.82 1.09| 1.36 1.63 1.90 217 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
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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 1 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

JEM® line. (I detail the actual population changes under the nil net migration

hypothesis in Table 9.1.)

Figure 9.1 General Equilibrium Labour Supply And Demand Under The Nil

Net Migration Scenario

Wage

N!' N Employment

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

> JEM is a shortened version of the acronym JEMENVI, representing ‘Jersey Economic Model’
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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 1 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 LS'. However, total population increases. This means that
there will also be an upward shift in the general equilibrium labour demand curve,
from LD to LD', 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 N ! and a higher general wage

level, W'

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.

(JEMENVI specifically identifies the environmental variant of the model).
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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 CPL
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

0.6

And Nominal Wages In Jersey, 2001-2011

—&o—Nominal Wage

~4— Real Wage /

0.4

0.3

0.2

0.1

% change from base year (2001) value

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

T T T T T v T T T T

Fig 9.1.4 Impact Of Nil Net Migration On Competitiveness (Local Output

Prices) In Jersey, 2001-2011

0.45 —6— AgricFish -4 Construction
0.4 -g&-Manufactures - Services
. —3e~Tourism —&-Finance /
0.35 e GOVSEC

0.3

0.25

0.2

0.15

0.1 -

0.05

% change In output price from base year (2001) value

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011




% change from base year (2001) level

Fig 9.1.5 Impact By 2011 of Nil Net Migration On Sectoral Employment And Output In Jersey

1.5

-2
P %) » L& D> S & & & & @& 3 o N A S
¥ P F L T LS $F & & FE S EE S
§ & & & F & & & &E L T & F e F ST
T e RIS SRS N o & & & F WS P F WP L e
G)(b \‘\ré‘ N & B NS 069 @ & & ® S PR Y
& o & 3 O < Q

Sectors



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 201 1% 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.” 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.° 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.

S 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

(‘AgricFish’ 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.
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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

% Change
GDP -0.46
GDP per head -1.68
Real Wage 0.423
Real HH Income & Expend. -0.327
Total Employment -0.758
CPI 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
AgricFish -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 T 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 £1million
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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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 CO» 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

Uuse.

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)’. 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

" 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 (CH,) 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 poHuting 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 NMVOC:s 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 (CH,) 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
(SO). 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 SO,-intensity
relative to other fuels. Therefore the decline in Agriculture & Fishing activity causes

a relatively large impact on SO, 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 1
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 (CHq)r -11743 -1.22
Sulphur dioxide (SO,) -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 (N;O) are highly
correlated with automotive fuel use in Jersey: traffic-related emissions of NMVOC,
CO and N,O account for respectively 81.6%, 87.5% and 100% of total emissions of
these three pollutants in the base year environmental accounts®. 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 N>O generation reflects the influence of other sources of these two pollutants (in

particular the increased waste incineration discussed above).

Emissions of two other pollutants are significantly, but not so highly correlated with
automotive fuel use: CO, and nitrous oxides (NOx). In Table 9.1.3 I report
proportidnate 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 CO; 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 CO; and

NOx effects shown in Figure 9.1.10 and Table 9.1.3 are driven by a number of

% In Chapter 6 (Section 5) I explain that another source of N,O emissions in Jersey would be expected
to be fertiliser use in the Agriculture & Fishing sector. However neither Coley (1994) or the present
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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 (CHa), sulphur dioxide (SO,), 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 9.1.4 I 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 CO, 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, whi(;h 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

(1998) 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 Equilibrinm Labour Supply And Demand Under The 200

Net In-Migration Per Annum Scenario

Wage

Employment

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 LS' to LS?. 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, W' to W2 as the total labour supply and

employment rise from N to N2

3.2.1 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.

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.
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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
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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
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Fig 9.2.5 Additional Impact By 2011 Of 200 Net In-Migration Per Annum On Sectoral Employment And Output
In Jersey
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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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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

% Change
GDP 2.041
GDP per head -0.589
Real Wage -1.461
Real HH Income & Expend. 1.846
Total Employment 3.58
CPI -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
AgricFish 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
Emissions Of 8 Individual And 1 Composite Pollution Indicators In Jersey,
2001-2011
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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 2.58
Other production 293537 3.15
Householdsl 542292 1.85
Tourists 163806 5.71
Emissions of:
Non-methane volatile organic compounds (NMVOC) 57695 2,31
Carbon monoxide (CO) 312026 228
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 @ % Cha@ from base

Total energy use
Kerosene SGK 540703 1.85
Kerosene LSK| 52162 4,62
Gas 0il 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 (CH,) 40422 4.20
Sulphur dioxide (SO,)| 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 [ 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 N,O. The largest impacts are again observed in the case of methane
and SO, 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 1 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 1 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

? See Section 2 and Appendix 9A for details on the composition of this sector.

441



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

Wage

w

N'N Employment

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 LS, with a fall in total employment from N to N
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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, LD''>LD!. 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 W (W''>W"), where LS! = LD".

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.

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
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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
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Fig 9.3.2 Impact Of Nil Net Migration On The CPl And On Before-Tax Real
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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%
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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
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Fig 9.3.6 Impac't 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
AgricFish -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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Figufe 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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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 volatlle 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 Ol -1840099 -7.34
Light Fuel Oll ~1171197 -14.33
Heavy Fuel Oil 372885 0.55
Coal 629686 11.53
Gas (Mains & Bottled Propane/Butane) 405674 3.14
Emissions
Methane (CH.,)L -118040 -12.27
Sulphur dloxide (SO,) -43484 -4.24
Black smoke -1042 -1.42
Value of Global Warming Potentlal (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
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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 N,O. 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 CO, and NOy, and
negative ones in the case of black smoke, SO, 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 SO, 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 CO, 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 CO,. 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 CO> 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 LS! to
LS? (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 LD!". Here, there is a further
increase, LD!" to LD*, 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 W to W?', 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 W?' 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

W Age
\le LS LS®
: |
w l
w2 k
W

N' N N2 Employment

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, I would expect the additional economic impacts with 200 net

in-migration to be positive.
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% change on Nil Net Migration Case

Fig 9.4.1 Additional Impact Of 200 Net In-Migration Per Annum On GDP,

GDP Per Head And Total Employment In Jersey, 2001-2011, With A 50%
Export Demand Shock To The Finance Sector
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% change in output price from Nil Net Migration Case
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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
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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
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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
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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 rotal 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 Resuits: 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

AgricFish 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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% change on Nil Net Migration Case

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
Demand Shock To The Finance Sector
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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
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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 232
Carbon monoxide (CO) 314665 2.30
Nitrogen dioxide (N20) 49 2.51
Carbon dloxide (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 Oll 744550 2.97
Light Fuel Olf 311251 3.81
Heavy Fuel Oll 1953728 2.87
Coal 108304 1.98
Gas (Mains & Bottled Propane/Butane) 308831 2,39
Emisslons
Methane (CH,) 35198 3.66
Sulphur dioxide (SO,) 31726 3.10
Black smoke| 1990 2.71
Value of Global Warming Potentlal (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 1
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, A, is given by

(Hicks, 1963, p.374):

©.1) )\=mj+eQm +1-ko
Q(o +1—kn)+e

That is to say, the wage elasticity of labour demand, A, is a complex function of o,
the elasticity of substitution between labour and the second (primary) factor of
production, capital, 1, 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 1 (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)Real wage level (average change across all sectors)

CES elasticity of subsitution Armington elasticity of export demand
capital and labour 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
(c)Change in Finance sector output
CES elasticity of subsitution Armington elasticity of export demand
capital and labour 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
ch () 30.80 27.68 23.17 20.00 15.83
0.8 28.70 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
(e)GDP
CES elasticity of subsitution Armington elasticity of export demand
capital and labour 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 16.38 13.92 10.45
0.8 21.39 18.81 15.056 12.42 9.11
0.5 19.36 16.44 1219 9.54 6.56
0.3 17.34 * 9.11 6.72 4.33
0.1 * 7.11 3.87 2.59 1.47
(g)Total automotive fuel use
CES elasticity of subsitution Armington elasticity of export demand
capital and labour 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

(b)CPI
CES elasticity of subsitution Armington elasticity of export demand
capital and labour 0.5 CD (1) 2 3 5
1.5 * * 3.55 2.93 212
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
(d)Change in Finance sector employment
CES elasticity of subsitution Armington elasticity of export demand
capital and labour 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
(f)Real household income and expenditure
CES elasticity of subsitution Armington elasticity of export demand
capital and labour 0.5 CD (1) 2 3 5
15 * * 17.16 15.35 12.95
1.2 * 20.50 17.30 15.20 12.56
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
(h)GWP Index
CES elasticity of subsitution Armington elasticity of export demand
capital and fabour 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
cDh (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 Armington elasticity of export demand CES elasticity of subsitution Armington elasticity of export demand
capital and labour 0.5 CD (1) 2 3 5 capital and labour 0.5 CD (1) 2 3 5
1.5 * * -1.56 -1.31 -1.06 1.5 * * -0.50 -0.41 -0.30
1.2 * -2.33 -1.77 -1.49 -1.21 1.2 * -0.74 -0.54 -0.44 -0.32
CD (1) -3.27 -2.61 -1.97 -1.66 -1.36 CD (1) -1.01 -0.80 -0.58 -0.46 -0.34
0.8 -3.80 -2.98 -2.25 -1.90 -1.57 0.8 -1.11 -0.86 -0.62 -0.49 -0.36
0.5 -5.17 -3.98 -3.01 -2.58 -2.18 0.5 -1.31 -1.00 -0.71 -0.57 -0.42
0.3 -7.22 * -4.24 -3.70 -3.20 0.3 -1.55 * -0.85 -0.68 -0.51
0.1 * -11.88 -9.65 -8.74 -7.88 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 Armington elasticity of export demand CES elasticity of subsitution Armington elasticity of export demand
capital and labour 0.5 CD (1) 2 3 5 capital and labour 0.5 CD (1) 2 3 5
15 * * 2.13 2.25 2.32 1.5 * * 3.95 3.89 3.77
1.2 * 1.92 2.20 2.29 2.32 1.2 * 3.94 3.89 3.83 3.69
CD (1) 1.68 2.01 2.24 2.30 2.31 CD (1) 3.91 3.90 3.85 3.77 3.62
0.8 1.81 2.10 2.28 2.31 2.29 0.8 3.85 3.85 3.79 3.70 3.53
0.5 2.03 2.24 2.31 2.29 2.23 0.5 3.78 3.76 3.85 3.53 3.34
0.3 2.22 * 2.28 2.23 2.16 0.3 3.72 * 3.49 3.35 3.16
0.1 * 2.28 2.17 2.1 2.05 0.1 * 3.37 3.15 3.03 2.89
{e)GDP (f)Real household income and expenditure
CES elasticity of subsitution Armington elasticity of export demand CES elasticity of subsitution Armington elasticity of expart demand
capital and labour 0.5 CD (1) 2 3 5 capital and labour 0.5 CD (1) 2 3 5
1.5 * * 2.09 2.19 2.24 1.5 * * 2.02 217 2.29
1.2 * 1.93 2.15 2.22 2.23 1.2 * 1.57 1.83 2.08 2.20
CD (1} 1.76 2.01 2,19 2.23 2.22 CD (1) 0.98 1.45 1.84 2.00 211
0.8 1.86 2.09 2.22 2.23 2.20 0.8 0.72 1.27 1.70 1.87 1.98
0.5 2.04 219 2.22 2.19 2.13 0.5 0.01 0.79 1.31 1.49 1.62
0.3 217 * 2.18 2.13 2.08 0.3 -1.08 * 0.66 0.88 1.07
0.1 * 2.10 2.02 1.98 1.95 0.1 * -3.26 -2.11 -1.68 -1.30
(g)Total automotive fuel use {(h)GWP Index
CES elasticity of subsitution Armington elasticity of export demand CES elasticity of subsitution Armington elasticity of export demand
capital and labour 0.5 CD (1) 2 3 5 capital and labour 0.5 CD (1) 2 3 5
1.5 * * 2.14 2.31 2.48 1.5 * * 2.32 2,45 2.59
1.2 * 1.77 212 2.29 2.46 1.2 * 209 2.34 2.46 2.60
CD (1) 1.30 1.71 2.09 2.26 2.44 CD (1) 1.81 2.09 2.34 2.46 2.61
0.8 1.16 1.63 2.03 2.21 2.41 0.8 1.77 2.07 2.33 2.46 2.61
0.5 0.74 1.37 1.84 2.06 2.30 0.5 1.60 1.97 227 2.42 2.61
0.3 0.05 * 1.50 1.78 2.12 0.3 1.26 * 2.13 2.33 2.57
0.1 * -1.10 0.03 0.61 1.39 0.1 * 0.78 1.44 1.78 2.16




In the simulations reported in this chapter I assume that the Armington price
elasticity of export demand, m, 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). [ 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
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In Figure 9.5 I illustrate how the impact on wages and total income from

employment of introducing a large 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 LD'. 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: LDy applies where the elasticity
of labour demand is assumed to be relatively high and LDy 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 10 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 LS'. This puts even more upward

pressure on the wage level before the economy can reach a new long-run equilibrium
where LS' = LD,

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). LDy and LDy move out to LDy and LD,
respectively in response to the direct increase in Finance'' demand. However, the
more inelastic LDy, intersects the new fixed labour supply curve, LS', at a higher
wage level, W''L, than LDy, which intersects LS’ at W'y Consequently the
impact on total income from employment is greater where the elasticity of labour

demand is relatively low (W' LN > W' i.N).

0 AsT 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.

1 See Footnote 10 — the increase in labour demand also reflects increased public sector activity to
maintain a constant level of government expenditure per head of population.
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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 LD!"|, and the associated drop in the real wage

1* 2¢ )
from W to W™ g, represents a larger adjustment than the equivalent move down
LD" 1.

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 10
result is illustrated in Figure 95 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
LS', 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 LS? the consequent adjustment in the
wage level must be larger in order to move the economy towards the 10 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

2 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, 7, 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 (n = 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 T 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 n. The result reported in Section 3.3 (where o = 0.8 and 1 = 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 1) = 5.0) and the highest
is 32.3% (0 = 0.3 and 1 = 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) (n = 3.0, 5.0). For example, where 1} =
5.0, the change in the CPI rises then falls as the value of o 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 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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% change from base year (2001) level

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 | 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 o rises and W falls) the increase in Finance
sector output becomes larger. Again, the result reported in Section 3.3 (where o = 0.8
and n = 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 1 = 5.0) and the highest is 30.8%
(o = 1 (Cobb Douglas) and 1) = 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 m but not o. Specifically, the size of change in employment decreases as &
rises in the case of 1 = 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 1} = 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 o.
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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 (). 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 7 falls). Again, the main observation is the sensitivity of the result
reported in Section 3.3 (where o = 0.8 and 1) = 5.0). There I report a 9.11% increase
in GDP by 2011, which is at the lower end of the range in grid (c), where the
smallest increase is 1.47% (¢ = 0.1 and m = 5.0) and the highest is 22.35% (o = 1
(Cobb Douglas) and n = 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 ) 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 o rises in the case of n = 0.5
and M = 1 (Cobb Douglas), rising then falling under 1 = 2 and rising under n = 3 and

M = 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 .

However, pethaps 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 o and v. 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 ¢ and m 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% (o = 0.1 and 1 = 5.0) and the highest is 20.61% (o = 0.3
and n = 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
(CO,, N,O 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 m 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 & and 1. The result reported in Section 3.4 (where ¢ = 0.8 and n = 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% (c=15andn =
5.0)to -11.88% (o = 0.1 and M =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 n), 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, 1 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 O =
0.8 and m = 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 o 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 m. If the elasticity of export demand, n,
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 fotal automotive fuel use in the case where o
= 0.1 and 1 = 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
N2, 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.c. 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 CO; 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 COy or NyO, reflecting the overall fall in methane emissions, even with

migration.

5.2 Conclusions on the construction and use of the JEMENVI modelling

framewerk 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 J. ersey 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 refined!>,

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

I 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).)
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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, N>O 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 fotal emissions of CO, N,O 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) 10 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 10 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 database'*).
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, I0 will

be of limited applicability.

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.

 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.
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In conclusion, in 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 S uggestions 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 2 I 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
economié 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, I 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 in determining prices and quantities. Moreover, 10 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.

' The plausibility of supply-driven 10 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
GNP

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 conmstruct 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 NAMEA® 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

? 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.
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are common {0 other Buropean 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 UK* 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.

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

* 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.
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results that are found using the Jersey-specific coefficients against a set of

cocfficients 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 I0 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 I0 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 10

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

504



generation. This is an important development, certainly from an environmental or
sustainability perspective. Traditional 10 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.

> The attribution analyses reported in Chapter 7, including the development of the NCLAS system
have been developed in a conference paper of which Tam a co-author (McGregor et al 2001a).
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The implication that “only demand matters” means that conventional 10 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 1 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

506



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

o analyse the impacts of supply-side policies
e accommodate relevant econometric analysis where it is available

e 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 n-sector AMOS framework, developed at the Fraser of Allander Institute and
originally calibrated on Scottish data®. In Chapter 8, I 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.

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

® 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, 1 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 arc reported in another co-authored paper,
McGregor et al (2001c).
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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.

2. Suggestions For Future Research

I have identified four main areas in this dissertation as requiring further research and

development:

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,

7 In fact the issue of population has become such an important policy question in Jersey tha? 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).
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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 (conmstructed 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
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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 1 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 intermediae 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 inpuz-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, I 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 Beauséjour 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 Béhringer & 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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clectricity 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
sectors®. 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).

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

® In the present configuration of the Jersey environmental 10 ar.ld fZGE models an aggregate ‘Gas, Oil
& Fuel Distribution’ sector is identified. However, as I explain in Chapter 5 (Section 3.3) scparate
‘Gas’ and ‘Oil & Fuel Distribution’ sectors arc identified in the 28-sector economic and

environmental databases.
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direct relationship between carbon content and CO, 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 Levy’. The Climate Change Levy is an example of

the use of carbon taxes to reduce emissions of CO,, the greenhouse gas with the

highest emissions levels in the UK.

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

® 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.
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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 T 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 s 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 SA. 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)

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

Fraser of Allander Institute 538 General



Strictly Confidential

1.1 Please give your name and telephone number in case of any queries arising from
your return.

NAME: «ovvneeveniieeiiiieciennie e Tel. No
1.2 Name of firm:
13 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:
@

(€)

“)

(©)

(©)

Total

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): £...............

1.5a 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

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

(2) 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

3.1 Please give the total value of turnover and the main destinations of your sales

during the year indicated.

Estimated percentage of sales direct to:

¢y

Total

value of Total

sales

(£ 000)
(2) Jersey (3) Jersey (4) Jersey 5 (6) (7) Rest | (8) Rest
businesses households | government | Tourists | UK of EU of World
departments
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SECTION 4 — PURCHASES FOR RESALE AND STOCKS

4.1 Please give the value of total purchases of goods for resale to customers:

(1) Total Estimated percentage of purchases direct from: Total
Value of
Purchases
(£ 000)
(2) Jersey (3) Jersey | (4) Jersey (5) UK | (6) Restof | (7) Rest
Manufacturers | Retailers | Wholesalers EU of World

4.2 Please give the value of stocks of goods at cost price:

at beginning of year: £............... atend 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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Item Purchased (a) Value

P Estimated percentage purchased from: Total

()] Jeg‘sey (©) UK | (d) Rest | (e) Rest of
Suppliers of EU World

(1) Electricity
(2) Gas/LPG
(3) Coal

(4) Petrol & Derv
(5) Heating Qil
(6) Aviation Fuel

Dairy Produce
Arable Produce
Horticultural Produce

(10) Fish Products

(11) Quarry Products (sand,
gravel etc.)

12) Other Materials
Business & Financia
(13) Banking Services
(14) Insurance Services

(15) Investment Trusts Services
(16) Fund Management Services
(17) Estate Agents Services

(18) Legal Services

(19) Accountancy Services

(20) Computer Services

(21) Business Services (e.g.
Architects & Advertising)

(22) Postal Services

(23) Telecommunications

(24) Repair and Maintenance
(25) Renting of Machinery
(26) Hotel & Catering Services
(27) Renting of Property

(28) Vehicle repair and
maintenance.

(29) Hired Transport (Land)

(30) Hired Transport (Sea & Air)
(31) Transport Support Services
nstructi

(33) 'G‘reé‘h“Was‘tei d1 p al
(34) Sanitation disposal
Others (specify)

Total
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5.2 For waste disposal please provide an et

. . mate, in tonnes, for each of the
following categories:

Waste Disposal

(1) Green Waste

(2) Sanitation

(3) Other (please specify)

Tonnes

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 Estimated percentage purchased from: Total
Purchases
(£ 000)
(b) Own | (¢) Other | (d) UK | (e) Rest | () Rest of
firm Jersey of EU World
Firms

(1) Construction/refurbishment
of buildings
(2) Purchase of
Vehicles/machinery
(3) IT Hardware
(4) IT Software
Others (plcase specify)

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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Type of Vehicle

1) Cars

(2) Vans

(3) Lorries

(4) Other (please specify)

Number

SECTION 7 ~ OTHER INFORMATION
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7.1 Other sources of income:

Strictly Confidential

Estimated percentage of income received from: Total
Income sources | Value
(£ 000)

(a) Jersey | (b) Jersey D Jerse

businesses | households é(zvirnm};nt gll)( g()ast f)? st
(1) Rent departments of EU_| world
received
(2) Gross
dividend and
interest receipts
(3) Other

income received
(e.g., property
income from
abroad. Please

specify)

7.2 Uses of income:

Income
allocation

Value
(£ 000)

Estimated percentage of income allocated to:

Total

(a) Jersey
businesses

(b) Jersey
households

(©) Jersey
government
departments

G
UK

©
Rest
of EU

(f) Rest
of
world

(1) Rent paid

(2) Gross
dividend and
interest
payments

(3) Jersey taxes
on income

(4) Other
payments
(please specify)

7.3 Of your total trading profits, how much would you estimate was transferred to the
UK (in %)? ...covnennnnnn.

7.4 Of your total trading profits, how much would you estimate was transferred to the
rest of the EU (in %)? .....cvveneee.

7.5 Of your total trading profits, how much would you estimate was transferred to the
rest of the world (excluding the EU, in %)? .......c.envn.
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Thank you very much for your co

. . -Operation in assisting with the completion of this
questionnaire. If you have any fur

ther 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.

j G 1
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Appendix 6A. Emissions Of Eight 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
6A.2
6A.3
6A.4
6A.5
6A.6
6A.7
6A.8

CO; (carbon dioxide) as carbon

CH4 (methane)

SO, (sulphur dioxide)

NOx (nitrous oxides)

NMVOCs (non-methane volatile organic compounds)
CO (carbon monoxide)

N2O (nitrogen dioxide)

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 CO, (Carbon Dioxide) As Carbon By Polluting Sector (rows) And Source (columns) - kilograms

FUEL-USE/COMBUSTION RELATED EMISSIONS NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT
Non-stationary |Stationary EMISSIONS OF CO2 AS
Ofl use jn Waste Process emisslons - Emissions from animal CARBON BY SECTOR
Petrol/dery use Alrcraft movements Gas use Heating oll use Coal use electiidity solvent nse and/or humsan waste
Agriculture & Fishing 3388181 0 11488771 14876951
Quartylng 623911 10066 354067 988044
 Total Manufacturing 2306830 124435 3401778 5833040
Electricity 454917 0 0 60737545 61192462
'Water 160447 0 0 160447
Gas 130440 [ 0 130440
Jersey Telecommmnications 221169 1585 5794 228548
Construction 5760394 4467 300450 R 6065311
Ol & Fuel Distribution 782433 [ 0 782433
Total Whoelsale & Retail Trade 7582288 111626 907704 8601617
Hotels, Restaurants & Cateriog 1725342 2096349 5933721 34486 9789897
Total Land Transport 1210730 0 70069 1280799
SATTS 704897 17443500 0 1330490 19478887
Post 168533 ¢ 90437 . 258970
Banks & Building Socletles 6616 11001 72000 89617
Total Insurance Companies 81883 [ 0 81883
Investment Trusts & Fund Managers 876819 49081 191110 1117011
Total Computer Services 248062 (] 1 3036 251098
Total Legal Activitles 251363 25905 o 277268
Accountancy 53837 ] [ 53837
Other Business Activites 958203 0 0 958203
Other Services Activitles 1527207 1707 358040 1886954
Tota Recreation, Culture & Sport 393097 610355 597358 1600810
Education 128299 562449 569765 195 1260709
Health & Soclal Work & Housing 258403 2349308 1147547 3755255
Public Services 36016 1069495 159943 13832000 15097454
Public Admin & Defence 5781 322268 25671 353719
Household 1 5910632 424765 2150388 521332 9007117
Household 2 15628114 435784 3390450 611831 20066179
Household 3 18818959 540655 3173993 1196090 23729696
Household 4 24015008 1185448 4519552 879533 30599540
Household 5 28810767 918772 11926412 453161 42109111
Tourdsts 9101875 0 9101875

[Total Emissions by Source | 132331449 | 17443500 | 10855519 | 52168542 | 3696627 I 60737545 | 13832000 | 0 | 0 | [ 291065182 |




Table 6A.2 Emissions Of CH, (Methane) By Polluting Sector (rows) And Source (columns) - kilograms

FUEL-USE/COMBUSTION RELATED EMISSIONS PROCESS/NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT
Non-stationary Stationary EMISSIONS OF
Olluse in Waste Process emissions - Emissions from antmaf METHANE BY SECTOR
Petrol/derv use Alrcralt movements Gas use H:mEd} nse Coal use electricity peneration indperation solvent use and/or human waste
Agricnlture & Fishing 52239 0.00 10.96 794674.00 79520735
Quarrying 85,79 0.06 036 86.21
Total Manufacturing 33022 0.71 332 33425
Electricity 107.75 0.00 0.00 62.13 170.48
Water 31.97 0.00 0.00 31.97
Gas 2615 0.00 0.00 26.15
| Jersey Telecommunications 2341 0.01 0.01 2343
Coustruction 180.69 0.03 031 181.02
Oil & Fuel Distribution 114.16 0.00 0.00 114.16
Total Whoelsale & Retall Trade 1658.40 0.63 0.93 1659.96
Hotels, Restaurants & Catering 418.86 1188 6.06 637 443.17
Total Land Transport 248.11 0.00 0.07 248.18
SATTS 130.46 1305.00 0.00 136 1436.82
Post 624 0.00 0.09 6.33
Banks & Bullding Socletles 2.86 0.06 0.07 2.99
Total Insurance Companles 35.62 0.00 0.00 35.62
Investment Trusts & Fund Managets 38147 028 020 381.94
Total Computer Services 94.57 2.00 0,00 9458
| Total Legal Activities 58.49 0.15 0.00 58.64
| Accountancy 2342 0.00 0.00 23.42
Other Business Activities 179.48 0.00 0.00 179.48
Othier Services Activitles 286.07 0.01 032 286.39
Total Recreation, Culture & Sport 58.84 346 0.61 62.91
| Education 4.02 3.19 0.58 004 7.83
Henlth & Soclal Work & Housing 313 1332 L17 2259
Public Services 113 6.06 0.16 3402.00 340936
Public Admin & Defence 0.18 1.83 0.03 2.03
Household 1 3228.87 241 .19 96.26 18315.01 21644.74
Household 2 853736 247 345 112.97 18315.01 26971.26
Household 3 10280.46 3.06 an 22084 . 18315.01 28822.61
{Bousehold 4 13118.97 6.72 4.60 162.40 18315.01 31607.70
Household § 15738.81 521t 12.15 8.67 18315.01 34154.84
Tourtsts 4972.19 8551.18 13523.38

[Total Emissions by Source | 60895.53 I 1305.00 | 61.53 [ 52.24 ] 682.54 1 62.73 | 340200 | 0.00 [ 894800.22 | [ 961261.78 |




Table 6A.3 Emissions Of SO, (Sulphur Dioxide) By Polluting Sector (rows) And Source (columns) - kilograms

FUEL-USE/COMBUSTION RELATED EMISSIONS PROCESS/NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT
Non-stationary Stationary EMISSIONS OF
Oil nse in Waste Process - from animal $02BY SECTOR
Petrol/dery use Afrcraft movements Gas use Heating oil nse Coal use electricity generation solvent nse and/or mman waste

Agriculture & Flshing 307605 307605
Quarrylng 1738 1735
Total Manufacturing 66503 66503
Flectricity 0 443513 443513
Water ] 0
Gas [ 0
Jersey Telecommunications 28 28
Constraction 1472 1472
Ol & Fuel Distribution (] 0
Total Whoelsale & Retall Trade 4448 4448
Hotels, Restaurants & Catering 29080 1060 30140
Total Land Transport 343 343
SATTS 11745 6520 18265
Post 413 443
Banks & Bullding Socleties 353 353

| Total Insurance Companies e 0
Investment Trusts & Fund Manegers 937 937
Total Computer Services 15 158
Total Legal Activities 0 0
Accountancy 0 0

Other Business Activitles 0 0

Other Services Activitles 18365 18365
Total Recreation, Culture & Sport 2928 2928
Education 2792 [ 2798
Health & Soclal Work & Housing 5624 5624
Public Services 784 784
Public Admin & Defence 126 126
Housebold 1 ' 501 16017 16518

| Househotd 2 789 18798 19587
[Fousebotd 3 739 36748 37487
Household 4 1052 27023 28075
Household S 21717 13923 16700
Tourlsts ()

Total Emissions by Source T 1] I 11745 | 0 ] 455962 | 113574 1 443513 L 0 1 0 1 0 1 [ 1024795 ]




Table 6A.4 Emissions Of NOy (Nitrous Oxides) By Polluting Sector (rows) And Source (columns) - kilograms

FUEL-USE/COMBUSTION RELATED EMISSIONS PROCESS/NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT
Non-stationary Stationary EMISSIONS OF
Olt use in Waste Process emissions - Emissions from animaf NOX BY SECTOR
Petrolderv use Alrcraft movements Gas use Reating oil use Coal use electricity generation incineration solvent nse and/or human waste
Agriculture & Fishing 50715 0 76656 1273711
Quarrying 7070 28 1859 8957
Total Manufacturing 12154 351 21573 34079
Electricity 1917 [ 0 806291 808207
Water 783 0 0 783
Gas 502 ° ° 502
Jersey Telecommunications 691 4 30 726
Construction 12955 13 1578 14546
Ol & Fuel Distribution 6197 ] 0 6197
Total Whoelsale & Retall Trade 53593 315 4766 58675
‘Hotels, Restaurants & Caterlog 10427 5919 31187 76 47580
Total Land Transport 7619 ° 368 7987
SATTS 6885 343650 [ 6986 357521
Post 427 0 475 902
Banks & Bullding Socleties 35 31 78 444
Total Insurance Companles 139 0 ) 439
Investment Trusts & Fund Managers 4696 139 1003 5839
Total Computer Services 1226 0 16 1242
Total Legal Activities 955 73 ] 1028
Accountancy 238 0 0 288
Otlter Business Activities 3453 0 0 3453
Other Services Activities 5504 H 3117 8626
Total Recreation, Culture & Sport 1242 1723 3137 6102
289 1588 2992 0 4869
Health & Soclal Work & Houslng 581 6633 6026 13240
Pabllc Services 81 3020 840 91000 94941
Public Admin & Defence 3 910 135 1058
Household 1 29515 1199 5287 1155 37127
Household 2 78040 1230 8289 1356 88915
1a3 93974 1527 7759 2650 105910
4 119921 3347 11049 1949 136266
Household § 143869 2594 29157 1004 176623
Tourists 45451 45451

[Totat Emi by Source | 701508 | 343650 | 30651 | 224603 | 8190 | 806291 ] 91000 | 0 | 0 | 2205893 ]




Table 6A.5 Emissions Of NMVOCs By Polluting Sector (rows) And Source (columns) - kilograms

FUEL-USE/COMBUSTION RELATED EMISSIONS PROCESS/NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT
Non-stationary Stationary EMISSIONS OF
Ofluse in Waste Process emisslons - Emissions from animal NMVOC BY SECTOR
Detrol/derv use Alrcreft movements Gas use Heating oll use Coal use electridty incineration solvent use and/or human waste
Agriculture & Fishing 14225 [ 864 15089
Quarrylug 2856 4 29 2889
Total Manufacturing 11948 55 262 59 12325
Electricity 3946 [ 0 7126 11072
Water 1160 . 0 [ 1160
Gas 961 ¢ 0 961
Jersey Telecommunications 375 1 0 876
Construction 7426 2 2% 7453
Oft & Fuel Distribution 3996 [ 0 3996
Total Whoelsale & Retall Trade 59320 50 7 59443
Hotels, Restaurants & Caterlug 15134 935 478 503 17050
Tota! Land Trausport 8925 0 6 8931
SATTS 4498 95700 ° 107 100305
Post 249 [ 7 256
Banks & Bullding Sodeties 104 H 6 115
Total Insurance Companies 1298 [} (] 1298
Trusts & Fund 13896 22 15 13933

Total Computer Services 3450 [ 0 3450
Total Legal Activitles 2148 12 [3 2161

| Accountancy 853 ] ] 853
Other Business Activitles 6615 ] ° 6615
Other Services Activitles 10543 L 25 8 10577
Total Recreation, Culture & Sport 2184 2712 a8 2504
Education 165 251 46 3 465
Health & Socdal Work & Houslng 33 1048 92 1473
Public Services 46 477 13 275800 276336
Public Admin & Defence 7 144 2 153
Household 1 103133 189 173 7608 111103
Household 2 272690 194 212 8929 282086
Household 3 328366 241 253 17455 346318

4 419030 s29 263 12836 432758

| Bousebotd 5 502710 410 958 6613 510691
Tourists 158816 158816

[Total Emissions by Source | 1961910 T 95700 T 4841 I 3118 T 53948 T 7126 T 275800 I 68 T 0 —] [ 2403511 |




Table 6A.6 Emissions Of CO (Carbon Monoxide) By Polluting Sector (rows) And Source (colnmns) - kilograms

FUEL-USE/COMBUSTION RELATED EMISSIONS PROCESS/NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT
Non-stationary Stationary EMISSIONS OF
Ofl use In Waste Process - from animal COBY SECTOR
Petrol/derv use Alrcraft movements Gas use Heating oll use Coal use generation i solvent use and/or human waste
Agriculture & Fishing 60950 o 4826 65776
Quarrylng 14016 5 99 14120
Total Manufacturing 65439 57 1284 66780
Flectricity 23977 ] ] 19821 43798
Water 6829 [ 0 6829
Gas 5717 0 [ 5717
Jersey Telecommunications 4552 1 2 4554
Construction 14383 F] 84 14469
Off & Fuel Distribution 21202 [ 0 21202
Total Whoelsale & Retal Trade 348940 52 254 349246
Hotels, Restaurants & Caterlng 91365 967 1662 2292 96087
Total Land Trapsport 52233 0 20 52253
SATTS 24870 269700 ] mn 294942
Post 624 0 25 649
Banks & Building Sodetles 667 ] 20 692
Total Insurance Companies 8327 [} [ 8327
Trusts & Fund 89164 px] 54 89240
Total Computer Services 21945 ] 1 21946
Total Legnl Activitles 13063 2 0 13075
Accountancy 5475 0 0 5475
Othier Business Activitles 39000 0 [] 39000
Other Services Activities 62159 1 21 62370
Total Recreation, Culture & Sport 12409 282 167 12858
320 260 160 13 752
Health & Soclal Work & Housing 645 1084 321 2051
Public Services 90 494 45 1110900 1111528
Public Admin & Defence 14 149 7 170
Household 1 613894 196 40 34653 649143
Household 2 1623177 201 62 40668 1664678
Fflousehold 3 1954587 250 591 79504 2034931
Household 4 2494262 547 842 58462 2554113
Housebold 5 2992362 a4 zn 30121 3025129
Tourists 945345 945345

| Totat Emissions by Source | 11611801 | 269700 | 5010 | 14300 | 245714 | 19821 | 1110900 i 0 | 0 | [ 13277245 ]




Table 6A.7 Emissions Of N,O (Nitrogen Dioxide) By Polluting Sector (rows) And Source (columns) - kilograms

FUEL-USE/COMBUSTION RELATED EMISSIONS PROCESS/NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT
Non-stationary Stationary EMISSIONS OF
Ol use tn Waste Process emlissions - Emissions from animal N20 BY SECTOR
Petrolidery use Alrcreft movements Gas nse Heating oll nse Coal use electridty peneration incineration solvent use and/or buman waste
Agriculture & Fishing 80.07 80.07
Quarrylng 1435 1435
Total Manufacturing 50.63 50.63
Electricity 85§ 855
Water 323 3.23
Gas 2.60 2.60
Jersey Telecompunications 5.08 5.05
Construction 144,55 14455
Ofl & Fuel Distribution 1740 17.40
Tota) Whoelsale & Retall Trade 150.03 150.03
Hotels, Restaurants & Catering 3255 3255
Total Land Transport 2435 2435
SATTS 15.00 15.00
Post 421 4.21
Banks & Building Sodetles 0.08 0.08
Total Insurance Companies 1.03 1.03
Investment Trusts & Fund Managers 11.06 11.06
Total Computer Services 354 3.54
Total Legal Activities 474 4.74
Accountency 0.63 0.68
Other Business Activitles 1945 19.45
Other Services Activitles 30.99 30.99
Total Recreation, Culture & Sport 843 8.43
Education 1 3.22
Health & Soclal Work & Housing 648 . 6.48
Public Services 0.90 0.90
Public Admin & Defence 0.15 0.15
Household 1 7454 74.54
|Bousenalaz 19708 197.08
| Household 3 2731 537'31
| Ftousetiold 4 302.84 2.84
Household § 36031 ii‘:-;;
Tourtsts 114.78
[Total Emissions by Sarce | 193318 T 0.00 T 0.00 T 0.00 T 0.00 T 0.00 I 0.00 ] 0.00 ] 0.00 1 L 1933.18




Table 6A.8 Emissions Of Black Smoke By Polluting Sector (rows) And Source (colnmns) - kilograms

FUEL-USE/COMBUSTION RELATED EMISSIONS PROCESS/NON-COMBUSTION RELATED EMISSIONS TOTAL DIRECT

Noa-stationary Stationary EMISSIONS OF BLACK
Offuse la Waste Process emissions - Emissions from animal SMOKE BY SECTOR

incineration solvent use and/or kuntag waste

Petrol/dery nse Alrcraft movements Gas use Heating oll nse Coal use s

Agriculture & Fishing . 0
Quarrying 0
 Total Manufacturing 0
Electricity 53852 53852
Water 0
Gas ¢
| Jersey Telecommunications 1]
Construction (]
Oll & Fue) Distribution 0
Total Whoelsale & Retall Trade L]
Hotels, Restatrants & Catering 0
Total Land Transport 0
SATTS 19575 19575
Post

Ranks & Bullding Socleties
Total Insurance Companies
Trusts & Fund M,
| Total Compaiter Services
Total Legal Activities

Other Business Activities

Other Services Activities

Total Recreation, Culture & Sport
Education

Health & Social Work & Houslng
Public Services

Public Admin & Defence
Household 1

Househotd 2

{Household3

Household 4

(Bousehold 5

Tourists
[Total Emissions by Source | 0 I 19575 T~ 0 | 0 T 0 T 53852 I (] I 0 | 0 ] [ 73427 ]




Appendix 6B. Identifying And Adaptin A Set Of U i issi
. = K Direct Emissions
Coefficients As A Potential Proxy For J ersey-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 NAMEA 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 KxI matrix M;"® with elements

(6B.1) m ;=P *X " Vi=1,.,LVk=1..K
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Similarly, I define the matrix of final demand expenditure-pollution coefficients, M,"™

with elements:
(6B.2) my, =P, " IC K V72 = L..Z,Yk=1,..K

The UK NAMEA data only record emissions data for one final demand sector.
Therefore all elements in M,"™ will be equal to zero, except where z = households.
Therefore effectively M,°X collapses to an 18x1 vector of household pollution
coefficients, my ~. Note that one piece of information not included in the economic
accounts of the trial NAMEA dataset is total consumer expenditure, cp, 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 sector’. 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

! Note, however, that direct emissions by tourists may be included in the domestic emissiops 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, M;"%, for the generation of 18 individual air

pollutants in each of the 76 production sectors and an 18x1 vector, my" ¥, 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 M;"" of output-pollution coefficients. In Table 6B.1 I 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 1Y A
without adjustment. It must be adapted to reflect the composition of output in the

regional economy. This involves the following steps:

1. Iattach 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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Table 6B.1 UK (NAMEA i .
al (N. ) Mapping System For Integrating Environmental (EA) And Economic (10) Accounts

AMEA| EA
AMEA ci(;e SIC(92)c, :ilc (95) industry/activity description
1 1 1 - .
2 2 2 ; :5::;’:;“:‘:1 hi‘:]“"“gdand related service activities
3 3 3 5 Fishing, ;pegritisn“f rmlated terios aivlties
4 4 4 10 Mining,of coal, i |: t ISh; ateheries and fish farms
5 5 5 1 Extraction of cruge petealerr.
ion of crude petrolenm and nat 1
6 6 6 13 Mining of metal : nauralgas
7 7 7 1 ot ! etal ores .
8 8 | 819 15 Manufacture of oy o L8
anufacture of food products and bevera:
9 9 20 16 Manufacture of tobaceo prod ges
10 | 10 | 2127 17 Textiles products
11 11 28 .
2 | 1z |203 " ﬂi‘l.ﬁ'fl’ii".f.f.ﬁﬂ.";“: o ey aud dyeing of fur
B | B3] x 20 Timber, wood produsts excl, focaftuns
1w | 14| 32 21 Pulp, paper and paperprodente o C 0 straw
15 | 15 | 3334 2 [Publishine. g perproducts
Publishing, printing and production of recorded material
16 16-18 35 23 Coke oven products, refined petroleum prod i
17 1 | 36 2411,2412  [Industrial gases, dyes, pigmen products, processing of nuclear fuel
» 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 24.16,2417  |Plastics, synthetic rubber, primary form
22 24 41 242 Pesticides, agro-chemicals
23 25 42 24.3 Paints, varnishes, printing ink cte
24 26 43 244 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 47 251 Rubber products
29 31 48 252 Plastic products
30 32 49 26.1 Glass and glass products
31 33 50 262,263 Ceramic goods
32 34 51 26.4 JStructural 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
3s 37 54 27.1-273 Iron and steel
36 38-39 55 274 Non-ferrous metals incl aluminium
37 40 56 275 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 3 Electrical machinery and apparatus
42 45 73-75 32 Radio, television and comms
43 46 76 13 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 40.2,40.3 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 restauraots
55 63 93 60.1 Railways
56 64-68 94 60.2,60.3 {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 7 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 b holds with employed persons




Table 6B.2 - SIC, EA and NAMEA Codings Used In Construction Of The Jersey 25-Sector Environmental 10 Syst

crOoORNtdoveNoGRewN =

MDD B wmb ek b
mthEO@&NO

Total Manufacturing

Electricity

Water

Gas and Oil & Fuel Distribution
JerseyTelecommunications
Wholesale & retail trade

Hotels, restaurants & catering
Land transport

Sea & AirTransport & Trans. Supp.
Post

Banks and building societies
Insurance Companies

Investment Trusts & Fund Managers
Computer services

Legal Activities

Accountancy

Other business activities

Other service activities
Recreation, culture, sport
Education

Health, social work & housing
Public Services

Public administration and defence

15-18, 20, 22, 25-26, 28-31, 33, 35, 37
40.1

a1

40.2,50.50,52.48

64.2

50-52

55

60.2, 60.3

61,62,63

64.1
65.121,65.21,65.22,65.233,65.234,65.235 & 65.236
66

65.231, 65.232, 67

72

74.11

74.12

70,71, & 74.13 to 74.8
91,93

92

80

85

90

75

Jersey 10 Description SIC classification NAMEA code
sector (UK output-pollution coefficients)
Agriculture & fishing 01,05 1,3
Quarrying & Construction 14,45 7,50

8-11,13,15,29,31,34,38-41,43,45,46
47

49
48,51,53
60
51,52,53
54

56
57,58,59
60

61

62

61,63

66

68

68
64,65,68
73,75

74

70

71

72

69




Table 6B.3 Welghts Applied in Adapting UK Output-Pollution Coefficlents To The (25-sector) Jersey Envi tal10 S
ronmen ystem

I;ctur Description NAMEA code Weghing —
1 Agriculture & fishing 1 (Ageiculture - SIC 1) oode? 220ted
3 (Fishing - SIC 5) 8 0580
2 Quanrying & Construction 7 (Other mining and quarrying - SIC 14) a m
50 (C - SIC 45) 0585
3 Total Manufacturing 8 {Mir of food products & beverages - SIC 15) B oo
9 (Fobacco products - SIC 16) 000
10 (Textiles - SIC 17) ot
11 (Wearing apparel, dressing & dying of fur- SIC 18) 0.004
13 (Wood & wood products, except furniture - SIC 20) 0.005
15 (Publishing, printing & prod recorded material - SIC 27) 0.273
29 (Plastic products - SIC 25.2) 0.036
31 (Ceramic goods - SIC 26.25) 0001
34 (Articles of concrete, stone, other ron-metallic meta) products - SIC 26.6, 26.7) 0.060
38 (Fab metal p , except y - SIC 28) 0.043
39 (Machinery & Equipment - SIC 29) 0.009
40 (Office machinery - SIC 30) 0.002
41 (Electrical machinery and apparatus - $IC 31) 0.005
43 (Medical, precision & optical instruments, watches & clocks - SIC 33) 0.001
45 (Other transport equipment - SIC 35) 0.036
46 (RHfr of furniture, toys, sports equip, other products & recyeling - SIC 36, 37) 0.048
4 {Electricity 47 (Electricity pi ) v 1.000
is Water 49 (Water: coll purification and distribution of - SIC 41 u 1.000
l; Gas, Oil & Fuel Distribution 48 (Gas: distribution of gaseous fuels through mains - SIC 40.2) A 034
51 (Oil & fuel distril - SIC 50.50, 52.48) 0.659
7 [Jersey T |60 (Telecommunications - SIC 64.2) U 1.000
8 fWholesale & retail rade 52 {(Wholesaler trade and commizsion trade, except of motor vehicles - SIC 51) B 0.448
53 (Retall and repair trade, except of motor vehicles - SIC 52} 0.552‘
9 Hotels, restaurants & catering 54 (Hotels and - SIC 55) v 1.000
10 Land transport 56 {Road Transport SIC 60.2, 60.3) 1 1.000
11 {Sea & AirTransport & Trans. Supp.  [57 (Water transport - SIC 61.1,61.2) B 0207
58 (Alr transport - SIC 62) 0.283
59 (Supporting and auxifliary port activities; activities of travel agents - SIC 63) 0.510
12 Post ISO (Post - SIC 64.1) U 1.000
13 Banks and bullding soclefies 61 (Financlal intermediation, except insurance and pension funding - SIC 65.121, 65.21, u 1.000
6522, 65.233, 65.234, 65.235, 65.236)
14 (nsurance Comp |62 (Insurance and pension funding, except compulsory soclal security - SIC 68 '] 1.000
15 investment Trusts & Fund Managers 61 (Investment trusts - SIC 65.231, 65.23%) A 0.803
63 (Fund managers - activities auxilliary to financial - $IC 65) 0.191
16 Computer services lss {Computer and related activities - SIC 72) U 1.000
17 Legal Activities Isa (Legal activities - SIC 74.11) u 1.000
18 Accountancy ISB {Accountancy - SIC 74.12) U 1.000
19 Other business activites 64 (Real estate activities - SIC 70) B 0.414
65 (Renting of machinery - SIC 71) 0.078
68 {All other ther activitles - SIC 74.13-74.8) 0.507
20 Other service activities 73 (Activities of other memb. orgs not elsewhere classified - sicet B 0.143
I 75 (All other service activities - SIC 93) 0.851
|31 Recreation, cutturs, sport 74 (R onal, cuttural and sporting activities - SIC 92) U 1.000
Izz Education 70 (Education - SIC 80} U 1.000
|23 Health, social work & housing 71 (Health & vetinary services - SIC 85) U 1.000
I24 Public Services 72 (Waste services - SIC 90) U 1.000
IZS Public administration and defence 69 (Public admininstration - SIC 75) U 1.000

*Weighting of EA output-poliution coefficients according to:

A Shares in output (as calculated in Jersey 10 fables)

B Shares in employment (using Jersey Manpower Database and UK labour intensity data)
€ Unofficial output share estimates from States of Jersey

U Unweighted UK cosfficients




2. I then aggregate the remaining sectors that are present in both economies to the

sectoral breakdown identified in the Jersey 10 tables (see Table 6B.2)

3. Finally, for each Jersey NAMEA sector, I weight the column vectors from matrix

UK : _
M;"" 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. datasetz)
- ‘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 CO3:

- The ‘quarrying’ sector, with NAMEA code 7, has an output-CO, coefficient
(kilograms per £million output) of 472,139

- The ‘construction’ sector, with NAMEA code 50, has an output-CO, 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 MiUK, this means that:

- The Jersey ‘quarrying & construction’ sector has the output-pollution
coefficient/direct emissions intensity of 64,885 (kilograms of CO2 per £1million
output)

- The UK ‘quarrying & construction’ sector has the output-pollution
coefficient/direct emissions intensity of 55,839 (kilograms of CO2 per £1million
output)

2 The UK NAMEA dataset does not report the complete UK IO tables for the time series, 1991-1998,
reported, instead giving just the key sectoral figures for intermediate demands, value-added and gross
outputs.

563



Note that because the more CO,-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-CO; coefficients different in the two economies, but the
Jersey sector is also more CO,-intensive.

By going through the process outlined in stages 1-3 above, I derive a kxi (18x25) matrix,
MiUK(ﬁ) 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 my°~ of (aggregate) household coefficients. This enters the UK-
adjusted matrix M,VX® unweighted; all other elements of M,"*® 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 niillion
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, M@ for the 76
production sectors identified across 18 individual pollutants and a 18x1 vector, my 5O
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 £1million Domestic Gross Output/Expenditure By Production Sector/Final Demand Group In Jersey 1998 - UK-Adjusted Pollution Coefficients

Sectors| Agriculture Quarrylng & Gas, Ol & Jersey Wholesale & | Hotels, Rest. Land Sea & Alr Trans. Jersey Banks & insurance

F & Flshing C J ing El Water Fuel Dist. Telecom. Retal! Trade & Catering Transport & Trans Supp Post Soc. Companles
Carbon dioxide (CO2) as carbon 2998031.563 | 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 (S02) 461.228 45.152 179.008 38787.263 46.511 7.631 7.872 1.317 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

N volatile (NMVOC) 798.969 661.961 1536.914 277.689 710.354 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 174179 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, Soclal Public Pubilc Admin. Aggregats

F Fund Mgrs Services Activiti A { Actlvitles Culture & Sport Work & Housing Services & Defence Households

Carbon dloxide (COZ2) 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 (S02) 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 82.737 165.138 665.955 1250.808 580.108 900.204

N volatile organl| ds (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 dloxide (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 Emisslons (klfograms) In Jersey, 1998, Generated In The Production Of Sectoral And Total Output, And During Final Consumption By Households - Estimated Using UK-Ad[usted Pollution Coefficients

Sectors|  Agricuiture Quarrying & QGas, Ol & Jersey Wholesate & | Hotels, Rest, Land Sea & Alr Trans. Jorsey Banks & Insurance
& Fishing Construction | Manutactu Electricity Water Fuel Dist, Telocom. Retall Trade & Catering T & Trans Supp Post Bullding Soc. | Companles

Carbon dloxide (CO2) as carbon 16971954 | 14839160 | 12567841 | 252990054 | 1758567 1234340 1751889 22740591 104856879 | 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 17981 1810731 580 113 335 3982 729 4193 360132 146 6045 141

Nitrous oxides (NOX) 143928 132048 31697 618074 7632 3921 7198 118589 23935 141708 720812 3136 104654 3029

Non-methane volatlle organic compounds (NMVOC) 45347 151390 154284 12964 8860 34247 3543 52015 13653 31055 120389 1543 70318 2096

Carbon monoxide (CO) 206205 847518 17496 139473 31083 13708 22587 303633 103262 107984 282074 8840 553141 16543

Nitregen dioxide (N20} 251435 3720 228 10996 184 44 80 1170 319 678 3300 35 1658 49

Sectors| Inv. Trusts & Computer Legal OtherBus. | OtherService | Recreation, Hoalth, Soclal Publie Publio Admin, Aggregate Total

Pollutants Fund Mgrs Services A A Culture & Sport | _ Eduoation | Work & Housln Services & Dafence Houssholds | Emisalons (kg) |
Carbon dioxide (CO2) as carbon 8965657 850825 2641981 2625204 3038943 1571918 1831989 6562346 7714829 2985445 7453780 268424897 801059498
Methane (CH4) 906 106 255 254 335 163 130 408 438 2941808 360 96784 5830095

| sulphur dioxide (S02) 1605 191 607 603 644 352 2058 5254 18493 1426 12188 123339 2408385
Nitrous oxides (NOx) 24892 3493 6937 6893 11047 v 6322 3538 10171 10436 33245 33095 953499 3163930
Non-methane volsilie organic compaunds (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
Nitragen dloxide (N20) 386 60 104 103 166 79 47 125 87 2043 156 19289 296542




Appendix 7A. Impact Simulations Using the Environmental IO
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 10 model
constructed in Chapters 6 and 7. Specifically, I consider two examples of using the
environmental 10 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, I-O 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 —i.e, 2 short-run model.)

However if the labour supply is not perfectly elastic in the long-run I-O results will
not be produced. This point is crucially important in the case of J ersey, 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 1995'. This implies that the

economy operates under a binding labour supply constraint in the long run as well as

the short run.

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:

! In 1995 the population of Jersey was around 85,000; in 1998 this figure had grown to around 89,000.
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Simulation 1: a 10% reduction in export demand for the output of the

o g C e s ‘Banks and
Building Societies’ sector of the Jersey economy

Simulation 2: a 10% increase in tourist demand for loca] 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’ Qutput

2.1.1 Economic Impacts

In Simulation 1, since the ‘Banks & Building Societies’ sector exports a total of
£1,035.642million worth of output in the 1998 I-O 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

570




that the sector requires 531 (5.2%) less employees required to produce its output.

This equates to a 1.13% reduction in tota] employment on the Island

However, in addition to these direct impacts concentrated ip the ‘Banks & Building

Societies’ sector, there are further indirect and induced impacts that ripple through

the wider economy as a result of reduced production of output and employment in
the ‘Banks & Building Societies’ sector.

First of all, as “Banks & Building Societies’ reduces jts 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 (Ix1) vector of the Type I output effect, AX?, is determined by ‘the

relationship
(7TA.1) AX' = [I-AT'AGy,

Where AC; is an Ix1 (25x1) vector representing the initial change in total final
demand, C;, here limited to the change in demand from sector z = total export
demand for the output of the ‘Banks & Building Societies’ sector. [I-A]'1 is the IxI
(25x25) Type I Leontief inverse. AX! is the resulting ix1 (25x1) vector showing the
Type 1 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 A 10% Contraction In Export Demand To The Banks and Building
Societies Sector in Jersey, 1998

Output effects (£million)

Employment effects (FTE employees)

Direct Direct + indirect ] Direct + indirect + Direct Direct + indirect | Direct + indirect +
Sector impact impact induced impact impact impact 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 -2.1 214
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 -14
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, Sacial 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 -8454




In the second column of Table 7A.1 | report how the Type | output effect of this

shock is distributed across the 25 production sectors (the first column shows the

direct output effect is concentrated in the ‘Banks & Building Societies’ sector itself)
r itself).

As implied by the low output multiplier valye given by the column total of the Typel

Leontief 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 J ersey economy).

However more significant effects are observed in the Type I case. As I explain in
the main text of Chapter 7, as well as the direct and indirect effects discussed above,
Type 1I 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, I 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).

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"]'1 (Table 7.4
main text), where household expenditure is determined endogenously. I report the
results of this calculation, the ((I+1)x1) vector, AX?, of the Type II output effect, in
the third column of Table 7A.1.
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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 10 table (Table 5.3). These are
‘Wholesale & Retail Trade’, ‘Health Social Work & Housing’
& Catering’ and ‘Banks & Building Societies’ itself.

‘Hotels, Restaurants

It is also possible to quantify the indirect and induced employment effects of the

shock. I do this using the Ix1 (25x1) vector of employment-output coefficients, A

with elements for each sector, i:
(TA.2) Ni = Ai/xi

Where A; is the number of (full time equivalent, FTE) workers employed in sector i
and x; is the output of sector ; (in £million); A; tells us the number of workers required
to produce one unit of output in sector i. The Type I employment effect, AA?, for

each sector, i, is determined by multiplying that sector’s employment-output

coefficient, A;, by the Type I output effect, AX":
(7TA.3) AA! = A.AX

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 A 10%
Reduction In Export Demand To The Banks & Building Societies Sector in Jersey, 1998
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Gjmilarly, 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 II output effect, AX2, into (TA.3). At the economy
the full employment impact of the shock is 1.8%
FTE’s to 46,266, with 64% of these jobs lost in

-wide level
drop from the base figure of 47,111

. ' ‘Banks & Building Societies’, but
with reductions in employment in all sectors. In the final column of Table 7A.1 1

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 Socicties’ 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 Ix1 vector of value-added-output
coefficients, w, 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, A;.

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 10 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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of the significant consumption and income effects that result from a shock such
such as

this one, which is directly targeted at 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, A, and the vector of
value-added-output coefficients, w, 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 10 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, M;, and final

household and tourist demand sectors, M, as follows:
(7A.4) P = P; + P, = M;.X + M,.C"

where P is a (Kx1) 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:
(TA.5) AP = AP; + AP, = MiAX + M,ACT
Where AX will be the direct output effect (the initial change in final demand) — i.e.

AX', as determined in (7A.1), in the Type I case or AX? in the Type II case. The last

element of (7A.5) — the change in direct emissions generation by exogenous final
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exogenous change in household expenditure, any changes in direct emissions
generation by households will be limited to the Type I case, where household
expenditure is treated as being endogenously driven by wage income from the
production sectors. In Section 3.2 of the main text of Chapter 6 1 explain that in the
Type II case the KxI (9x25) matrix M; of output-pollution coefficients is replaced

with a Kx(I+1) (9x26) matrix that includes g vector of household output-(wage

income)-pollution coefficients, my,

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 = AP; + AP, = Mi[I-A]*AC; + M,ACT

In Chapter 7, section 3.2 I explain that the KxI (or Kx(I+1)) matrix of Type I (Type
II) output-pollution multipliers, Mj; (M), takes the form M;[I-A]? (Mi[I-At]'l).

Therefore it is also possible to determine AP by applying the matrix of output-

pollution multipliers, Mj; (or Mi,), to the initial shock to final demand, Acig):

(7A.7a) AP = AP; + AP, = MyAC; + M,ACT

(7A.7b) AP = AP; + AP, = MpAC; + M,ACT

Lillustrate 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 A 10% 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 pollution effects almost entirel
. ost entirely
account for the change in each of the environmental indicators that occur in
response

to this shock. The direct pollution impact comes solely from the ‘Banks & Buildi
i s oct uilding
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 T (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 dire-ctly
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 initial allocation of tourist expendit
1
first column of Table 7A.2 below). The direct employment e e e

ffect (reported in th
fourth column of Table 7A.2) is the number of additiona] ¢ p e

mployees required to

produce these additional sectoral outputs, This is determined using equation (7A.3)
on (7A.3),

and corresponds to a 1.09% increase in total employment in Jersey

In order to meet this increase in finga] 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 ripple 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 £26.314million. 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 Socicties’ 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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pigger change in demand for ‘Banks & Building Societies’ output. The observed
. e

induced effects in this second simulation are driven more by the additional numb
umbers
employed than the level of wages paid to each worker. ‘Hotels, Restaurants &

Catering actually pays the lowest average sectoral Wage in the Jersey economy, and

therefore there will be a relatively low employment multiplier

I report the Type Il 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 £11.086million 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

Output effects (£million)

Employment effects (FTE employees)

Direct Direct + indirect | Direct + indirect + Direct Direct + indirect | Direct + indirect +
Sector impact impact induced impact impact impact 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 0413 0.738 0.0 3.8 6.7
Water 0.000 0.077 0.146 0.0 0.7 14
Gas, oil & fuel distribution 0.044 0.156 0.268 0.6 2.2 3.7
Jersey Telecommunications 0.000 0.175 0.521 0.0 1.8 54
Wholesale & Retail Trade 3.453 3.659 5.294 73.5 77.9 112.7
Hotels, Restaurants & Catering 14.871 14.898 15.477 399.9 400.7 416.2
Land Transport 0.850 0.871 0.902 17.1 17.5 18.2
Sea & Air Transport & Transport Support 0.083 0.215 0.462 1.1 2.8 6.0
Jersey Post 0.019 0.200 0.269 0.4 3.9 5.3
Banks & Building Societies 0.000 1.630 2.226 0.0 84 11.4
Insurance Companies 0.000 0.105 0.329 0.0 1.5 4.7
Investment Trusts & Fund Managers 0.000 0.009 0.011 0.0 0.1 0.1
Computer Services 0.000 0.065 0.087 0.0 13 1.7
Legal Activities 0.000 0.646 1.124 0.0 9.4 16.4
Accountancy 0.000 0.108 0.142 0.0 1.5 2.0
Other Business Activities 0.000 0.715 1.001 0.0 17.3 24.2
Other Services Activities 0.019 0.142 0.346 0.7 4.9 12.0
Recreation, Culture & Sport 0.378 0.379 0.677 7.8 7.9 14.0
Education 0.000 0.000 0.242 0.0 0.0 5.9
Health, Social Work & Housing 0.043 0.043 0.922 0.9 0.9 19.5
Public Services 0.000 0.000 0.001 0.0 0.0 0.0
Public Adminstration & Defence 0.000 0.024 0.101 0.0 0.6 2.7
Total 20.242 26.314 33.879 512.3 610.8 754.1




% change from base (1998) value

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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% change from base (1998) value

Figure 7A.4 Impact On 8 Individual And 1 Composite Environmental Indicators Of A 10% Increase In
Tourist Demand For Local Outputs In Jersey, 1998
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2.2.2 Environmental Impacts

oot

In Figure 7A.4 Tillustrate the environmenta] impacts of the toy

‘ . rist demand shock.
in the case of the ‘Banks & Building Societies’ demand shock -

up a large proportion of the total environmental impact ac > Induced effects make
This is because of the large increase in employment re U.TOZS most of the po.llutants.
in tourist demand. However, in contrast to the fi X H.e ¢ fleport the increase

. ) Ist 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 SO, and black smoke, which tourists i
not directly generate, direct emissions for tourists account for between 45% (NOy)
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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that the IO model can be used for. If, for some feason, policymakers expect a fall in

demand in one sector, the model can be uged to explore options to offset the negative

effects of such a shock, so as to maintain constang 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 10 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 be
held constant the labour supply constraint will not be violated. Thus, when the 10
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%°). The two shocks are then

applied simultaneously.

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 columns

size of the Type II employment effects found

2, . ;
T i i fference in the
his new value is calculated using the differe 4 demand shock: (854.4/745.1)*10 = 11.2.

in the first two simulations given the size of the initial tou
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Notice that while the total employment effect of the two shocks net
: nets out to ze
change from base, there are negative net impacts on the Jeye] of output prod .
put produced in

the economy and on GDP because of the different composition and absolute value of
e value o

the two shocks.

It is interesting to look at the composition of aJ] i i
the composition of the employment effect, The :}eliin::czsi: ieffea' Flr?t’ -
o 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 (FTE) 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 Socicties’ by stimulating tourist demand

results in a negative net impact on total GDP (a net reduction of 1.01%).

® This new value is calculated using the difference in the size of the Type II employment effects found
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f ourse, thlS thlrd simulation COllld also be canied out Wlth the ai f ki
Ofc L . 1m o eeping one
of the other ke) economic indicator variables Constant. For example if the ob \Y

is a zero net impact on GDP, rather than employment the size of the tourism sh
s ourism shock

can be adjusted accordingly. However, in this particular case, maintainin
> g a constant

jevel of GDP in the presence of a 10% reduction ip export demand to ‘Banks &
Building Societies’, we would require a 46.2% increase in tourist demand’.
Moreover, this would mean a net increase in employment of 5.6%, with 2638 new
FIE jobs created on the Island, 1891 of which would be ip 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

. . . *10=11.2.
in the first two simulations given the size of the initial tourist demand sh0§k. (854.4/745.1)*10=11 p
3 ; ) . . ino the difference in the value-added effects 0
Again, the size of the required shock is calculated using 12 = 46.2
the two shocks, given the size of variable shock — (110.808/26.892)*11.2.= 45.%
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more significant direct output-pollution effects because of (e

g | . pollution intensit
activities directly associated with tourist expenditure a

When I take indirect effects into account the positive impacts on the envi I
ronmenta

indicators is larger. This happens because the negative Type I output effects from th
m the

export demand shock to ‘Banks & Building Societies’ are not enough to outweigh
1g

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 N,O, 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 7A.3 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 Qutputs

in Jersey, 1998

Simulation 3(a) Simulation 3(b) NET EFFECTS ON JERSEY ECONOMY
10% Contraction in Export Demand to 'Banks & Building Societies’ 11.21% Increase In Tourist Demand For Local Outputs
Output effect Employment Effect Change in GDP OQutput effect Employment Effect Change in GDP Output effect Employment Effect Change in GDP
Sector £million FTEs £million £million FTEs £million £million FTEs £million
Agriculture & Fishing -0.169 -6.1 -0.102 0.702 252 0.425 0.533 19.2 0.323
Quarrying & Construction -1.033 2214 -0.797 1.032 214 0.796 -0.001 0.0 -0.001
Manufacturing -0.703 -14.9 -0.306 1172 249 0.510 0.469 10.0 0204
Electricity -0.695 -6.3 -0.426 0.827 7.5 0.507 0.132 12 0.081
Water -0.142 -13 -0.069 0.164 L5 0.080 0.022 02 6.011
Gas, oil & fuel distribution -0.229 32 -0.096 0.301 42 0.126 0.071 1.0 0.030
Jersey Telecommunications -0.811 -8.5 -0.486 0.584 6.1 0.349 -0.228 -24 -0.136
Wholesale & Retail Trade -3.340 -71.1 -2.448 5.935 1263 4.352 2.59 552 1.903
Hotels, Restanrants & Catering -1.195 -32.1 -0.795 17.351 466.6 11.542 16.156 4345 10.747
Land Transport -0.064 -13 <0.046 1,011 204 0.720 0.947 19.1 0.675
Sea & Air Transport & Transport Support -0.538 -1.0 -0.424 0518 6.7 0.408 -0.020 0.3 -0.016
Jersey Post -0.281 5.5 -0.222 0.302 5.9 0238 0.021 04 0.016
Banks & Building Societies «104.787 -537.6 -99.661 2.495 128 2373 -102.292 -524.8 -97.287
Insurance Companies -0.461 -6.6 -0.346 0.368 53 0.276 -0.093 -1.3 -0.070
Investment Trusts & Fund Managers -0.006 0.0 -0.005 0.013 0.1 0.010 0.006 0.0 0.005
Computer Services -0.090 -1.8 -0.067 0.098 2.0 0.073 0.007 0.1 0.005
Legal Activities -1.320 <192 <1177 1260 18.4 1.123 -0.060 -0.9 -0.054
Accountancy 0.105 <14 +0.089 0.159 22 0.135 0.054 0.7 0.046
Other Business Activities -0.765 -18.5 -0.646 1.122 271 0.948 0.358 8.7 0.302
Other Services Activities -0.428 -14.8 -0.387 0.388 135 0351 -0.039 -1.4 -0.036
Recreation, Culture & Sport -0.604 -12.5 -0.383 0.758 15.7 0.481 0.154 32 0.098
Education -0.491 -12.0 -0.363 0271 6.6 0.201 -0.220 -5.4 -0.163
Health, Social Work & Housing -1.784 -37.7 -1.338 1.034 218 0.776 -0.750 -158 -0.563
Public Services -0.003 -0.1 -0,001 0.002 0.0 0.001 -0.001 0.0 -0.001
Publlic Adminstration & Defence -0.163 ~4.4 -0.127 0.114 3.0 0.088 -0.049 <13 -0.038
ABSOLUTE VALUE OF TOTAL CHANGE -120.207 -845 -110.808 37.981 845 26.892 -82.226 ] -83.916
PERCENTAGE CHANGE -3.66 -1.79 -4.17 1.15 1.79 1.01 -2.50 0.00 -3.16
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Figure 7A.5 Net Impact on Sectoral Output, Employment And Value-Added Of A 10% Contraction In
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Appendix 7B. Attribution Of Pollution Generation In Jerge (199
with UK-Adjusted Coefficients ——«tIsey (1998)

In Section 5 of Chapter 6 I consider the added precision gained from estimati d
ating an

zﬁ) of

-pollution coefficients for Jersey as
compared to the adjusted-national (UK) matrices M;PK® 55,4 . UK® I construct th
z . Ct the

Jersey-specific matrices using the sectoral emissions estimates that are derived from

using the region-specific matrices M; (also referred to as M%) and M ™M
1 YA

output-pollution and final demand expenditure

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). 1
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, M; and My, and the UK-adjusted ones, M;"*® and M,UK®
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 different

activities to the pollution problem in Jersey (1998). In the main text of Chapter 7 1
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i nalyse .
results if the analyses are dependent on the UK-adjusted matrices, M;"¥® 54

MZUK(“}), of pollution coefficients.

In Section 3.2 of Chapter 7 I use the matrices of J Crsey-specific pollution coefficient
nts

and the Type I Leontief inverse to derive a set of Type I output-poliution multipliers

which give the direct plus indirect emissions intensity of each sector’s production to

meet final demand. The KxI (9x25) matrix of UK-adjusted Type I output-pollution

multipliers, which I refer to as Mi]UK(ﬁ), 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, MiUK(ﬁ), of output-pollution coefficients for the Jersey-specific

matrix M;:
(7B.1) M; KO = MO AT

Where [1-A]" is the J ersey-specific (IxI) Type I Leontief inverse. The UK-adjusted
(Kx(I+1)) matrix M X® of UK-adjusted Type II output-pollution multipliers is
defined in the same way, but using the (I+1)x(I+1) Type II Leontief inverse where
household expenditure is endogenised, defined in Section 3.2 as [I-A"]™, and the
(Kx(I+1)) matrix Miun ~, which includes a vector of household output-(income)
pollution coefficients.

UK® and Mp"® of output-pollution

I show the UK-adjusted matrices Mi
multipliers in Tables 7B.1 and 7B.2 (note that in Table 7B.2 I 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.
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Table 7B.1 Direct Plus Indirect Emissions Intensities (kg) Per £1million Final Demand For The Outputs Of Local Production Sectors - With All Fina) Demands Determined Exogenously (UK-Adjusted Type | Output-Poliution Muitlpliers)

Sectors] Agricuiture Quarrying & Gas, Oll & Jersey Wholesals & | Hotels, Rest. Land Sea & Alr Trans. Jersey Banks &
Pollutants & Fishing Construction | Manufacturing Electricity Water Fuel Dist. Telecom, Retall Trade & Catering Transport & Trans Supp Post Bullding Soc.
Carbon dioxide (CO?) 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 (S02) 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 volatiie crganic 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 J
Sectorg Insurance fnv. Trusts & Computer Legal Other Bus. Other Service Recreation, Health, Soclal Public Public Admin.
Pollutants C Fund Mgrs Services A A Acth A Culture & Sport 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
S dioxide (S02) 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
N hana volatile organic (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
INitrogen 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 Emisslons Intensitles (kg) Per £1million Final Demand For The Outputs Of Local Production Sectors - With Wage-Related Household Expenditure Determined Endogenously (UK-Adjusted Type I

Sectors| Agriculture Quarrying & Gas, Oll & Jersey Wholesale & { Hotels, Rest Land Sea & Alr Trans. Jersey Banks &
Pollutants & Fishing Construction | Manutacturing Electricity Water Fuel Dist. 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 5§73.463 128.070
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 2185.768 470.898
Non-methane volatite 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 menoxlde (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 dloxide (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]  Insurance Inv. Trusts & Computer Legal Other Bus. Other Service | Recreation, Health, Soclal Public Public Admin.
Compa Fund Mgrs Services A A Culture & Sport | _ Education | Work & ¢ Services & Defence
Carbon dioxide (CO2) as carbon 478874.567 | 288908.432 | 355197.998 | 387980.685 | 403286.656 ( 458792.077 | 474950.922 | 504022.927 | 670422.764 | 541896.266 | 780202.817 | 692874.828
Methane (CH4) 518.025 356.141 349.098 427.491 407.944 498.561 471.700 1373.632 621.632 633.062 111397.765 618.300
dioxide (502) 1337.205 793.138 1015.678 1145.318 1163.302 1290.569 1350.783 1889.225 1904.252 1849.316 2717.617 1915.758
Nitrous oxides (NOx) 1629.390 978.280 1235.433 1281.821 1344.966 1558.469 1679.808 1699.039 2076.519 1716.055 3495.799 2482.907
N hane volatile orga p (NMVOC) 1169.115 694.696 927.180 896.445 938.122 1115.189 1724.009 935.791 1392.314 1112.504 2637.291 1410.224
Carbon monoxide (CO) 5868.142 3426.695 4547.285 4441.315 4703.016 5605.016 55190.089 4502.686 6917.482 5228.231 6818.657 6885.683
Nitrogen dioxide (N20) 57.505 38.813 40.496 47.182 45,725 ° 55.005 51.333 135.249 65.897 62.763 142.268 87.170
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In Figures 7B.1 and 7B.2 I illustrate the extent of the diffe

. Te€nces betw,
adjusted and Jersey-specific measures for the Type I and T o e UK

ype Il ¢ ;
for the individual pollutant NOy, o respectively

Note that I do not the output-pollution multipliers themselves in Figures 7B.1
.1 and

gtams) of pollution

oral outputs. Instead

7B.2. The output-pollution multipliers state the amount (in kilo
generated in the economy per £1million of fipg] demand for sect

I report the ‘pollution multipliers’, which show the amount (i

by each sector i (similar to employment or income multipliers)

M;/M; in the Type I case and My/M;

- These are defined as
in the Type II Case, and give us an idea of the
importance of direct generation relative to the tota] pollution intensity of each sector

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 NOy
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.

I find that this type of divergence for a number of the sectors, particularly those that

belong, along with ‘Banks & Building Societies’, to the broad ‘finance and related
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activities’ sector of the Jersey economy — ‘Insurance Companieg’
N b

> ¢ o age ‘InVCSlm
and Fund Managers, Legal Activities’ and Accountancy’, Generall ont Trusts
» Jenerally,

78.1 and 7B.2 tell us is that the importance attached to direct, indirect“::c‘it 'Figures
effects respectively in explaining the amount of pollution generated in the e:)duced
by individuc! s§ctors varies markedly depending on whether the Je:rsey-speci[fli(::my
UK-adjusted measures are used. However, given the importance of financia] a:crl

related activities in Jersey, I would argue that it is of particular concern that th
e most

significant errors using the UK-adjusted set are found in this area

In Sections 3.3-3.4 of Chapter 7 I use the Jersey-specific output-pollution multipliers
to attribute total pollution in the economy to final demand by commodity (defined by
the production sector that sells the commodity to final demand) and by category
(defined by the final demand sector that consumes locally produced commodities).

Here 1 report the results of repeating this exercise using the UK-adjusted output-

poliution multipliers in place of the J ersey-specific ones.

In Section 3.3 1 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
yector of (Type I or Type 1) 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) pir"® = my KO

(7B.2b) pir”™ @ =my, " O.cicny

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 emissions in the
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PUK('&)

economy, (I estimate total emissiong using the UK
-a

. . djusted
pUk® by equation (6.10) in Section 5 of Chapter 6). ! measures,

Just as I find in comparing the direct contribution of individual sectors egt;

using the UK-adjusted and Jersey-specific measures in Section 5 of Chapter :liled
Figure 6.2), there are significant differences in resujtg for the Type I and Ty eeli
attributions to production sectors/commodities, Taking NOy as an example ince
again, note from Figures 7B.3 and 7B.4 that while roughly the 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. This is
particularly apparent in the Type II 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 into
direct, indirect and induced effects, which, as [ explain above, varies radically

between the J ersey-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 Il Attribution To Final Demand By Commodity Using Jersey-Specific And UK-
Adjusted Output- And Expenditure-Pollution Coefficients
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e secon d type of attribution exercise that | conduct in Chapter 7 S

‘ | | . ectio i

attribution of pollution generation to final demand by calegory, ie. to th st
» 1.€. 10 the differep,

€Yy consume, Using the

UK-adjusted output-pollution multipliers, 1 Te-express equations (7.19) and (
-17} and (7.20)

from Section 3.4 as
(7B.32) PP = My "*P,(C)), + m, KO ¢
(7B.3b) p" P = M8 ,(C)), + m, KO ¢,

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 NOy 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 extent of

. . . ied in the
direct relative to indirect and induced pollution generation embodied 10t

commodities that are consumed by these final demand sectors.
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Figure 7B.5 Type | Attribution to Final Dem
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\PPENDIX 8A. SECTORS (ACTIVITIES/Conpy

JEMENVI OPITIES) DN Ty 1
No | Sector Jersey/UK Standarg Industrig]
] . ___ Classification JSIC 1995 UK §
1 Agriculture & Fishing 01, 05 s IC 1992)
5| Quarrying & Construction 14, 45
= | Manufacturing 15 -18, 20, .
Ti'/ Electricity 40.1 . 22,2526, 831, 33,35,37
5 | Water 4hb
6| Gas, Oil and Fuel 40.2,50.50,52.48
Distribution
7 Telecommunications 642 = ]
g | Wholesale and Retail 50-52 —_— ]
Distribution
9 Hotels & Restaurants 55 N
10 Land Transport 60.2, 60.3 I
11 Sea & Air Transport and 61, 62, 63 —
Transport Support
12 Post 64.1 ]
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 65.231, 65.232, 67
Managers
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 & 85
Housing
24 Public Services (Sewage & 90
Refuge Disposal)
|25 | Public Admin. & Defence 75
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APPENDIX 9A. Aggregate Sectors Identified for General Population poj;
icy

Modelling for the States of Jersey

AGGREGATE SECTORS JEMENVI SECTORS |
AgricFiSh Agriculture & Fishing

Construction Quarrying & Construction

Manufactures Total Manufacturing

Sorvices 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
L Public Administration & Defence

608





