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X. INTRODUCTION
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Ovar the ngt 30 vesrs or so, economists have become Increasingly

aware of the limitations of the partial eguilibrium model as a

ff&mmwerk %ar snalysing the econonic sffects of many public sector

policiss, wh?i@ early on the subiect, such as Ricarde,

Wicksell and Walras, developed models of the public sevtor that were

ture beo consider the imgaatg of publie

of & general egullibrim

. o

sector pelicies, mwuch of the asnalvsis of the first half of the

twentieth century was undertaken using partial eguilibrizm

however, contributions in tax analysis

; i
technigques. In the
by writers such az Rolph (1952) and Musgrave (19538}, and in public
expenditure analysis by Samuslson (1954} sought to cast the analysis

of ‘the incidence and efficiency effects &f such policies within a

o @

general eguilibrium ky%%egezﬁ onge more, In Carl Shoup’s (1969)

happy phrase, sconemists had become sware that "a state of mind, {f
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not the actual engine™ of geneval eguilibriuvm a

i

if public finance snalysis was not to be misleading.

The xapxﬁ?v increasing wse of the geneval eguilibrium model as a

th@araﬁiﬁal framewerk For publiec sector policy analysis p@s&é
T ‘ co
challenge to thoss sconomists concerned with the q&antitative effecﬁs

of a‘ ernativ& pm£1¢1mg in actua 1 @msmamieg” While s ngswaus

3

wazk %&&;éaen‘pvav1&eﬁ by ﬁai?aa

wents of P ECGﬂQﬁZCbﬁ ané had
haen forﬁaiiﬁﬁﬁ by Arrow @L% Debreu im.ﬁha gar%v E%u%w, b317)

asrxﬁggamezng quantitative technigques were avallable to make the

geneléi cqu3§3b cium model operational.
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hig essay focuses on a research fleld which has been developed to
meet this challenge. Known variously as applied general-eguilibrium
analysis (AGE), computable general-equilibrium analvsis (CGE), and

gometimes numerical it involves the

construction of mu
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equilibrium models and their application to public
a broad research program, AGE can probably alrveady be counted a
success. Models have been constructed covering a mumber of
countries, including the U.X, and U.§5., and government agencies are
alrsady begimning to use such models to ald in policy formulation on
a regular basis. In this sense, &QE modelling can be ssen as the
microecononic analogue of the macroeconometric models which are now
used as a matter of course by policymakers. In drawing this analogy,
however, it should be emphazised th&t AGE models have no forecasting
role, but rather provide “Qumericalwinﬁight“ intoe the Impacts of
policy altermatives.

While standing as & vesearch fiseld in its own right, AGE analysis
owes much for its approach te the work of Avneld Harberger, who was
the first economist to undertake a numerical general equilibrium
analysis of tax poliey. By adapiing earlier general equilibrium
model formulations which had been applied to international trade,
Harbergey {1962, iééﬁ} developed a‘zrfactar {capital and labour) Z
inﬁmstfy {incorporated amdjugimaayparated}, general eguilibrium model
that could be parameteri sad and solved in terms of factor and
sxpenditure shares, and elasticities of substitution {(in production)
and of demand {in consumption). This model, which is nowadays
described routinely in advanced public aéawamic texts, can be given

a geometric representatlion {(see sectiom II}, In many ways, It
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provides the intuitive basis for all subsequent numerical general-

3 3 g ,'; s 2 3 - 5 4 ;
equilibrium analyses of public sector policles, Because it is
arceszible alzewhere, however, I will be rvefsrring to the Harberger
model only briefly, in section II, for comparative and pedagogic
DUYPOSEs.

his contribution has three related aims. The Flyst is to provide
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sight into the nature of the general egquilibrium interactions

Ea@iﬂg {rwm public sector @@kw oy, 3%Q$ﬂ§iyg E h@g to give the

’”é ﬁef éﬂ appreciation &f w&aﬁ is invelved iIn h&ljﬁkﬁg snd applying
aﬁ sppiied general equilibrium m@éa& of ‘& national @c&ﬁsmy and public
sﬁct@r; ?hirdly, 1 wis& t@‘iiimsazﬁt@ the uss of these m&ﬁ%iﬁxiﬂ
policy evaluation. R@guiig'€?ﬁm models of the UK. and U.8,
economies are disc m%ﬁsﬁ Lo LTy oo %ﬂmaﬁgtxatn the ways in which tha@e

‘models émntzihmt@ o the g&%i y fo xmul&tz&m ?%ﬁﬂ%ﬁmg Bach of the

next three majer sections of the paper are devoted, respectively, to
these threée gaa}s§ A GQﬁm‘hﬁiﬁg section summarises the strengths and
jimitations of the ﬁwﬁ &pyy sach, and indicates possible future

vegsarch @if@wtiﬁﬁk,

In writing this paper I have inevitsbly drawn on previous expositions

s

of the Tield The excellent surveys by Shoven (1%83) and Shoven and
Whalley {i?géé are especially acknowledged. These articles, togetheyr
with the m&?&gra?h on the U.K. and U.8. models [Pilggott aﬁ& ¥halley

(1985z) and Ballavd et al, {19B3)}, offer addis iﬁﬁai detsil fat the

reader seeking further information and enlightenment. ?@zﬁh@r DRDETS



&

are conveniently collected in two conference volumes, edited by Scarf

and Shoven {1984} and Plgpott and Whallay (1283h)

The research covered represents the central cove of AGE snalysis of
tagation pollicy. It is not, however, entirely comprehensive. AGE
nedels with alternative styuctures and numerical specificatien
procedures have heen built and are used for public ssctor policy
evaluations, and models similar to those examined in this essay have
&ea@ applied to policy igsuse other than taxation - in particular,
trade polliey. Reference will be made teo these other projects where
appropriate, and papers reporting these alternative approaches are

included in the conference velumes mentionad above.

Ix. CENERAL BOUTLIBRIUM AND TAXATION - A STHPLE DTAGRAMMATIC

anALYSIS.

The central idea underlying general eguilibriue analveis of tax
policy is that in ovder to sevaluate the effects of changing a major

tax, ilmportant economv-wide effects must
¥ o

-

be taken Into account,

Taxes distort the allocation of rescurces in the marketplace by
causing resources to be used where productivity is lower than
elzewhere and CémﬁﬂﬂiﬁaQb to be offered to consumers at tax distorted
prices adversely affecting consumer cholce.

Thg basic analytics of general eq@iiih%iﬂm tax models can be
illustrated with ths ald @f diagrams dépi&ﬁing a éwawfaetmr, WO -

product, perfectly competitive sconomy, with fixed apggregate Factor

supplies, and consumers, who will be initially assumed to have

identical, howmothetic preference Functions. the absence of
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externalities and govermment Interventions, such an economy will, in
563

equilibrium, satisfy all the marginal conditions regquired for a

Pareto optimal allocation. With distorting taxes this will no longsr

n

the simple case of a consumption tax on product X in

Figure 1 depict
a two-commpdity economy. I consider a single consumer who selects
from alternative combinations of the two goods X and ¥ represented by
the sconomy’'s production possibilities frontier. The revenues from
the tax are returned in lump sum form to the single consuwmer,
Productive efficiency is not affected since the economy remains on
the production possibility frontier AB, but the product mix is
altered by the tax. The tax produces a distortion between the
marginal rate of transformation (MRT} (the net of tax price ratio
facing producers) and the marginal rate of substitution (MRS} (the
gross of tax price ratio facing consumers). In an equilibrivm in the
presence of the tax (point F}, consumers adjust their purchases so
that thelr marginal rate of substitution egquals the gross of vax
commodity price ratio. The consumer price ratic exceeds the ratio of
prices received by producers since these are net of taxes. The
distorted @gﬁilibriam at point F corresponds to a lower indifference
curve than that asscciated with the wndistorted egquilibrium at peint

E. Because MRS # MRT the alleocation of rescurces corrvesponding to

peint F oecannct be Parveto optimal.

A& consumer tax which induces a move along the production possibility
frontier from E te F may alsoc have other effects beyond those

the

2]

represented in the diagram. One issue frequently analyzed 1

incidence of such a tax. In the twe-sector framework, this usually



FIGUEE 1

SIMPLE ANALYSIS OF A DISTORTING

CONSUMER TAX ON GOOD X

A
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Pareto optimality is not attaine Either labour or capital can beay

and

ii‘}

the burden of the tax, depending on the factor intensitie
suhsa;t&tlmn possibilities in the two industries.

The indifference curve depicted in Figure 1 can only represent a

single consumer, or a group of consumers with identiecal, hemothetic

preferences. In general, differences in preferences and endowments

will provide the potential for gains from trade belween consumers.

Figure 3 depicts an economy with two groups of consumers, 4 and B,
with an allocation of ¥ and Y consistent with a single point on the

production possibility frontier of Figure 1. The endowment peint is
denoted by E, a Pareto efficient equilibrium by H, and a distorted
equilibrium by C. Here, the distortien is introduced by tax-distorted

relative prices facing consumers - for example, a progressive income

tax, which taxes the vich at a rate different from the poor.

So far, the analyeis of this section has been purely gualitatlive,
This diagramatic discussion concludes with a brief discussion of the
Harbergey approach to quantifying the general equilibrium economic
effects of public sector policy.

The Harberger model is based on standard neo-classical assumptions

He assumes Fixed aégregate factor supplies; perfect factor mobility
between industries; two factors and two products; perfect competition

in factor and product markets; a clesed economy (no foreign trade

s
o

inear homogeneous production functions; and & one-distortien

2CONOMY .



FIGURE 2

SIMPLE ANALYSIS OF & FACTOR TAX DISTORTION




O

FIGURE 3

A SIMPLE ANALYSIS OF DIFFERENTIAL

CONSUMPTION TAXES

e
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This model, with parviculir values of elasticities of substivution in
production and demand[ s &bé%‘bﬁ generate estimates of the incldence
and efficiency effects of particular taxes. The model is represented
by a reduced form of three eguations, and changes in tax rates are

evaluated through the model. Striectly speaking, only infinitesimally

n taxes-and thelir compavative static dmpacts upon

fobn

121l changes
other variables can be considered, and for discrete changes the
analysis provides only approximate results. Perhaps the muﬁﬁ famous
numerical finding from this model is that the U8 corpovate tax is
borne by all capital owners, whether or not their capital is used in

dineorporated enterprises

Harberger also develops a procedurs for estimating the size of the
welfare cost of a distortionary factor tawx. In the case of capital

taxation distortions, he considers the economy to be represented by

3

twe sectors, Yheavily tawed® and "lightly taxed”. These are labelled
sectors X and Y in Figure 4. BEach sector uses capital in production,

and marginael revenue product schedules are assuped to be linear {a

local approximation). The economy has a Ffixed capital endowment. In
the absence of any taxes, market forces will emsure that capital is

allocated betwesn the two sectors such that the rvarse of returs Tt in

each is esqualised, and the capital endowment is fully employed. IF,

instead, a tax on capital income in sector X operates, the gross rate
of return r_ in that sector must be such that the net rate of retur
o

£, is egualized across the sectors, and capital is again Fully

4

employed. The difference between ¥ and ¥ is the tax on each unit

oy

iized in sector X.

wu

of capital ug
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in Figure &4, the tax

capital alloe

nrasenty  the

ABEF rep

K _ to X ., as the ta increase in
2"{0 b L
output of sector ¥ Full employment guarantess that

K« ¥, =¥ _ - K . The avea FECD {= ABEF-GHLJ) represents the

5 ] oy - e §aye
efficiency cost L, and ig gilven by

disvortion v~ rv_, and X_ is the change

in capital use in sector X frow the removal of the tax. Harbergey

ng a system of three veduced form

£ the twe sector general
zs been genervalized by

famous welfare loss Fformula

simplicity of the

immediately apparent, not the

is approwimations when the large
agseciated with tax distortions ave belng snalyzed. In

e N

can be applied

Ly operate and change together.
LY OF 5

discuss in detall, helps to
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IXT. BUTLDING ON AGE HODEL

In this section, I begin by offering an overview of the basic
structure of AGE models. I then outline the procedures used fox
building and solving them. Finally I work through the construction

of 2 simple ACE model in detail.

i. Outline of the formsl structure of general eguilibrium models

with taxation

The AGE modsls to be considered iﬂ»tﬁ§$ survey are specific examples
of a class of general-competitive-equilibrivm-with-taxation models
considered by Shoven and Whalley (1973}, Thelyr formal stiucture is
most sasily presented within an sctivity analysis framework. In this
class of wmodels, producers ave assumed to maximise profits and market
demand functions are assumed to exist which are naﬁvﬁ@gativa;
continucus and homogeneous of degree zero in prices and tax revenue.
The sconomy ptadmaé@ W commodities with a t&ghaai@gy comprising ¥
productive activities which can be cperated at nom-negative
intensity, and c&mgriﬁas G consupers, The symbol aij refers to the
per unit use of the iﬁh good in the jﬁh activity, & producer tax
system may then be represented by a matrix of tan coefficients, of

which the typlesl element t,, is the ad valorem tax rste applying te

i3
- th 5 th
the use of the 1 commodity in the j acrivity. The comsumer tax

system also comprises g matrix of tax coefficients, of which the
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&

typical element aﬁﬁ 1s the ad walorsm tax rate gssociated with the
&
s

o ;th , th
purchase of the i good by the g consumer.
The gquantities of each commodity demanded by all rhe consumers in the
economy are representad by the market demand functions & {w, R},
where x is the vector of prices faced by consumers before paymént o

consumer tazes, and R denotes total tax vevenues. R enbers the

*

oy

demand functions beecause it is part of consumers and government
income. The market demand functions must also satbisfy VWalras's Law,

which in this context may be written:

N Q ¥ q 8
= w, & L, Ry % b e, w,E, {x, R} =& wow, + R 13
. 3«\“;{{ 3 } . ig fggl L3y ) #'fig }:L i {: 2
il g=l i=1 : fwed

_ : e o JEh ,

where w, dg the initial endowment of the 1 commodity

For this class of models, Shoven and Whalley have shown that an
egquilibrium will %xiﬁt,ﬁ 1t may be interpreted as the result of
competitive processes where rival producers try to undercut each
other so long. as they do not make losses on any productive activity,
and market prices adjust to sliminate any discrepancy between market
demands and $u§§iiéé.

A competitive eguilibrium for this model is defined as a non-negative
%

W k4 : &
vector P = {=x , R )} and a vector of pon negative activity levels x

such That



{2y demand equals supply for all

iy
oF
%,'2
¥
B
i

{(b) no asctivity makes positive profits after payment ol

5 e

with thoge in use just breaking even:

[
#
fad

<0 (3
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#
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e
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4

with striet eguality 1f =, » O,

Lot

At an egquilibrium, Shoven and Whalley (1973) show that the revenue

wt

dishursed to consumers or retainsd by the government esguals that

generated on the production side of the economy plus that cellected

on the demand side:

" M N " " -
R o= I 2 ?it4‘aiix% + B
x g u i b
}"‘"i 3;““:1 3 [
(4
K . . .
where B is the walue of consuney tax revenuas.

The models discussed in this paper are of a less general form than
that outlined above, in that a partition is drawn betwsen factors of

production and produced commedities. Factors of production are not
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geometrically. In one sense, all AGE amounts teo is the numerical
specification of the isoguants, indifference curves, endownments,
taxes, and equilibrium conditions which are represented in fipures 1-

3.

Figure 3 represents the structure of a morve detailed AGE model of the
partitioned type. It allows us to make sxplicii the reguirements
which must be met for its implementation. Assuming for a moment a
timeless fired factor closed-economy model, these requirements are as

follows:

(i A list and description of agents, factors, produced goods
and policies to be consideved in the model must be provided.

{11) The endowments of consumers must be pumerically specified
in unite of capital and lsbour, together with thelr tax revenue

receipt entitlements.

{114) Some form of furictional representation must be chosen to
describe the behaviour of the warious agents (consumers and
preducers, for example).

{(iv) Pavameter valuss must be provided for the functional
representations. Items (1i1) and (iv) provide a specification of

preferences and the production technelegy.

{(v} A complete description of policy parameters must be
provided in model admissible form (e.g., ad valorem tax and subsidy

rates) .



FIGURE 5

STRUCTURE OF A TYPICAL APPLIED GENERAL EQUILIBRIUM
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(vi) An equilibrium concept, given by a set of (equilibrium)
yric&éﬁané quantiti&s~$ugh that demands equal supplies for all goods
and factors, tax revenue collections equal disbursements and zero
grafitg prevail in the production of all a@mmﬂdi@ié%;;@uéijbﬁﬁiﬁf

i

specified,

3. Model closure assunmpiions

B §3 &CE,m0§a11iﬁg\h&s ﬁevaloyad,ixeseérchaxg have bﬁaamé iﬁcragsiﬁgiy;‘
’awa¥& of the limitations of a timeless fixed factor closed economy
Lmadel. Many featires af:rea1'§q%§§;cheices are abstracted from in
isuch a framework. Each of these assumptions, which have the effesct
Jaf‘“ciagimg“ the model, has im@iicaﬁigns for results. A 31&?1&
A,géxagyléwig the trga?mgnt,Qf the imterﬁagiaﬁa; t;&ggmissiﬁﬁ ef‘
.capéﬁai. If caﬁiiaﬁ\ié’&ssum@é parfectly mﬂbila*internatioméily,
then domestic capital can never bear the buré@ﬁ of domestic taxatiom,
 si§g§ £h$Jnét rate oétrgguzn is;émlﬁiy datexmineéi%yigﬁé Qariﬁu}ﬁ;:
interest rate. This implication contrasts &haryly“wiﬁhkthéﬁ éré§$ ;
from a closed sconomy ﬁgdel? where a standard result is that ﬁ&@ital
bears much of the %uré@ﬁ of taxaé 0§ sapital income such as the

corperats Ltax.

It is csm%%ﬁiant t;vihéﬁk of ﬁhage4d&cisigﬁgzas deternining the way
in which a particular AGE model is closed. The coverage of policy
ingtruments, the treatment of the forsign sector, the operation of
the public sector, the modelling of leisure and household preoduction,
and the treatment of uncertainty all regquire closure decisions of one

kind or ansother. In intertemporal vaviants of AGE wmodels, the



.

assumptions made about expectations represent a form of closure. The
choice of closure assumptions will reflect the prior views of the
‘model builder as well as the purposes for which the model has been
constructed. They can have profound implications for model outcomes,
‘znd it is therefore very important for the model builder to consider
his options carefully when deciding between alternative strategies
for closing the model. Equ&lly! it is important for policymakers to

be aware of the clesure assumptions made when interpreting the

results of model simulations for policy assessment.

4. The Choice of Functional Torms for the Behavicural Fguations in

the Model

‘Befors discussing the estimation of parameter values for the model

gquakiéﬁé@ the considerations involved in the cholce of particular
‘functional forms for demand and production functions should be
explained. The functional form used in the model must be consistent
“with the basiec model assumptions, and the maximi$iﬁg responses of
agents must be simple enough to make repeated solution in the
sequences of calculations involved in equilibrium computations
feasible. Tractable functional forms, therefore, must obviocusly be
used to describe behaviour patterns af both producers and consumers.

Household utility meximization problems must be readily soluble, as’

must industry cost minimization problems.

Inevitably, in practice the well-known family of convenient .
functional forms provides the candidate specifications for general
equilibrium policy models of the type used here. Demand and cost

funetions derived from Cobb-Douglas, Stone-Geary, and CES {either



single stage or nested) utility and sroduction functions tend to be
used, HMore complex varlants (such as Gensralized Leontief fuﬁgiﬁ@ﬁs}
‘may also be considered although such functions raise more difficult
"estimation problems and substantially increase execution Times

‘réduired for equilibriuvm caleulations, The cholece o

th
o]
el
(93]
th
5
)
ot
}w& s
&
=}
wn

in many studies reflects the trade-off between complexrity (and

hopefully added vealism) and tractability.

5. Alveynative Approachas to Parametey Selection

Urility and produdétion functionscyield household demand and industry
cost functions which depend upon all prices. In a. reduced form of
the model represented by interdependent excess demand functions,
conventional ‘estimation procedures are difficult to implement. For
the parameters of any particular structural eguation to be identified
a larga'nuﬁbﬁr of excluded exogenous variables or other identifving
réstrictions rare’ required. This makes identification of all
‘eduations in ‘thé‘model by conventional methods (such as zero or other
parsmeter value restrictions) impractical. For most AGE models,
therefore, comprehensive econometric estimation is abandoned.
" Thstead, numerical specification proceeds by means of *calibration®,

and 1 will confine = attention to this approach hers,

The fundamental assumption made in ’calibrating’ the model is that
the economy is in equilibrium in a particular vear. By modifying the
National Accournts and other blocks of data for that year, a data set

'ig generated in which all equilibrium conditions inherent in the

b

model dre satisfied. This is termed a ‘benchmark equilibrium’ data

)

"set. The requirement that the set of parameter values used in the



model be capable of replicating this ‘observed equilibrium’ as an
equilibrium solution te the model is then lmposed as a restriction in

the process.of parameter sslsction.

n & non-~stochastic manner by sclving

oo

Parameter valuss are determined

the equations which represent the equilibrium conditions of the

s
s

model . 1 use the data on prices and gquantities which characterize
i AR '?:‘-,
the benchmark equilibrium. Whether the observed equilibrium alone is

14

sufficient fo uniquely determine the pavametser vgluas éé?é%és.upcn
the functional Ffoyms used. For example, Cobb-Douglas functions imply
constant shares. The benchmark equilibrium data set, which contains
equilibrium share observations, can therefore be generated by only
one set of Cobb-Douglas functions, In using CES production and
demand functions @xtrgneous estimares of elasticities of substitution
{which are unilt f{ree) érﬁ incorporated into the precedure, serving
together with the equilibrium replication requixaﬁeﬂt as ildsntifying
réstxi&%iéﬁémﬁn the modaij 1625 Ffunctions are used in the example

constructed in zection 8.

&, The Construction of a Benchmark Foullibrium Data Set

The assumption that an economy is in.equiliﬁri&m implies that the
model equilibrium conditions must be satisfied in any data used to
determine parameter values. In a benchmark equilibrium data set all
equilibrium conditions arve satisfied. Demands %qualfggéplies for ail

goods and factors, and non-positive profits are made in all

industries.



In order for these eguilibrium conditions to be ﬁ&tizfiﬁé by the
data, various adjustments are necessary. The blocks of datas used

are available sepavately in National Accounts and related sources but
~mot arvanged on any symﬁhfﬁnizad basis. These dats sets arve modified
so as to become mutually consistent. Table 1 presents an example of &
simplified benchmark dava set for a 2 factor, 2 commodity, 2 consumer
medei i whiah the eguilibrium conditions ave satisfied; demands

equal supyiies and zero profit conditions are satisfisd by industyy.
This data set is used in sections 2 and 9,

In higher dimensional nmodels, the data reguirements f&x benchmark
eguilibrium data sets are extensive and & substantial amount of work
is ilovelved in constructing such a set. Qét& are needed on the use
of yraduetive inputs by industyy, incluéing éh% uge of both domsstic
4&nﬁ imported commodities. On the demand side information is reguired
on the @x?eﬁdiﬁura pétt@rms of diffex@mt‘ﬁoﬁ;um@r groups, and on the
aDmp@éitian,ﬁf thelr incomes. To ina&rpoxéte the public sector into
the model, data ave required on tax revenues, Lax payments byHagentﬁ
subsidy recelipts, and tragsf@rsg and all as they relate to each
producsr, maﬁmedityﬁ and ;éﬁsumer.k Data on:gﬁvermmeﬁt éﬁ?ﬁnditur&s
on goods and services and forelgn trade are alsc reguired.

The sources for these data ave generally the publications or

i

unpublished records of govermment agencies and the methods of

g

manipulat

on and adjustment are fregquently complex. Adjustments are
needed for a number of reasons, such as unsulitable stock flow
distinctions appearing in most published accounts, incomplete detail

on taxes and subsidies, differences of definition betwesn source
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materials and concepts appearing in the model, and classification

3

incompatibilicies between the model and basic data sources.

The whole tax-subsidy system for any modern market-type economy can

of 7

ba fitted into this conceptual framework. Facrtor taxes can be
identified which distort the use of factors by industry and

commodities for intermediate purposes by industries. The incoms tax
system can be modelled along with the transfers by government to

persons. Subsidies can be incorporated, although modelling these
usuvally presents major data problems as well as conceptual
difficulties in defining what any particular subsidy sctually is,
Within the income tax the treatment of housing, progressivity in the

tax vates, the absence of taxation of leisure, the tax treatment of

saving, and other characteristics of the tax can be represented.

Use of théga models to analyse the tax system in this way inevitably
involves judgement as to the appropriate way to treat particular
taxes. There is frequently active debate among public finance
speclalists as to the true character of a particular tax. The
property tax, for instance, has bsen long debated as either an excise
or & factor tax; the corporate tax has been alternately treated as a
straight forward partial-factor tax, a tax on particular financing
instruments available to firms, or as a lump sum tax. The social
security tax is not regarded by some as a tax, but rather as an
insurance premium. None of these debates is resolved by the

particular model treatment adopted; they sre merely truncated. A

N
s

oy

£

i
{
e

furtber peint which should be emphasized is that other distortions in

the economy are usually not simultaneously modelled in thess

exercises. Minimum wage controls, wmonopolies, and distortions from



the expenditure side of government pelicy, including the welfars

2

system and unemployment insurance, stre all excluded

¥, fnite Conventions and the Use of the Benchmark Equ iidbriun Data
Set
The benchmark equilibrium data set obtained by adiusting diverse dats

sets into mutually comsistent form provides pheervatlions on

equilibrium transactions in walue teyms. To obtain information
separately on sguilibrium prices and quantities, a units convention

must be adopted to separate observations on price-guantil

e

combinations into component paris.

“

As factors of production are treated in the model

433]
7

perfectly moblle
hetween alternative uses, the allocation of factors by Andustry in
equilibrium will squalize the returns received net of taxes and gross

of subsidies in all industries. It is therefors convenient te adopt

s definition of physiecal units for all factors as that amount of &

factor that can, in equilibrium, earn a rveward of one currency unit
{e.g.,£1,000,000 oxr $1,000,000) net of taxes, and after receipt of
subsidies, in any of its slternative uses. Units for commodities are

similarly defined as those amounts which, in equiiibrium
7 . 3 i

L
pid
ol
Yk
]
i
1

one currency unit net of all consumer taxes and ¢ subsidies.

The assumption that maV§3ﬁa¢ revenue products of facters are

equalized in all uses in equllibrium p wits this convention to

transtiate Factor payvments data by industry into chesevvabions on
4 3 5

physical quantities for use in the determination of parameters for

the model. 1In this way cbserved eguil
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of prices and quantities) are separated out into price and quantity
observations. An observed equilibrium is characterized by an
equilibrium price vector of unity, and ownership of a unit of labour

or capital services yields a net income of one currency unit.

Ad valorem tax rates must be calculated to convert net-of-tax prices
to gross-of-tax prices. Imn this survey, I will largely confine my
attention to taxes whose rates are expressed as a percentage of the
net-of-tax price, and for which average and marginal rates are equal,
Tax rates can be calculated as the ratic of the value of revenue
collected to the value of transactions taxed, not including the tax

revenue.

In section 8, I illustrate these procedures by working through in
detall the ?arameterisation of an AGE model to the benchmark
equilibrium data set specified in Table 2. Section 9 illustrates
solution procedures using this model. CES functions are ussd

throughout.

8. Determining parameter values from the benchmark eguilibrium data

set - a simple 2 factor 2 sectoy 2 consumer example

The calibration procedure ocutlined in previous sections and
illustrated here required the benchmark equilibrium data set to be
used to determine parameter values for production and demand
functions. The parameter values must be chosen so that the model,
when solved with the benchmark policy structure, will reproduce the

benchmark equilibrium data set. To achieve this, T make use of some
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implications of profit maximizing behaviour by firms, utilicy

maximisation by households, and competitive markel structures.

Consider the production side of the model first. To keep things
ﬂi&?ie5 I owill assume that each industry prodices a single output
according to a (CES) production funetion, with twe inputs, capital
and labour. Constanh veturns to scale are assuped,  The production
funetion for a tvpical indusfry can then be wrirten.

g =T g0 o

&
kS|
G
¥
%,\vl;:‘)

where Q, K, and L represent output, capital and labour respectively,
v.is a "scaling® parameter which permits us to determine the "siza®
-of a unit of § relative to units of input, o is the ”ﬁiﬁtribﬁtieﬁ“
parameter reflecting the relative lmportancs of zhg inputs, and o is
the elssticitcy of substitution between capital and labour. Given the
units convention outlined sbove, the benchmark squilibriom data sst
gives the values of Q, K and L directly. The value of o is

exogenously given on the basis of sconometric estinmates,

Howesver, the values of o and v are still unknown. To establish
these, we recall that to cost ninimise, a firm operating in
competitive faﬂtar'amd product markets must employ inputs up to the
poeint where the value of the parglinal product of each iz egual to its
w b

hire price, that is, where p.mp Y oand p.mp, = w{l o+ ﬁLE* o
i

¥ B
ig the produceyr price of & unit of cutpub, and r{l + xg}g wil + xh}

are the prices paid by the flivm for wnivs of capital and lsbour.
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Expressing these relationships in terms of relative factor prices

vislds

e
myg ~ KXL%ﬁK}
Py w{l+tL}
(63
This vields
-1 g-1 -1 1
?;% = ak 7 y{oK s 1oL @y ot
{73
-1 g1 g-1 1
fg% = (1-a)L 7 yieX {1-a)L 7 y oL
{83

‘When (7) is dividedby (8), the expression foi the Tatioc of marginal

products simplifies to

it S T
kS }u“ﬁ? #
np,
Substituting (9) into (&) vields
o . r{l+i, 3
{ET&} - {MWM“:K;.
w(l@t&}

o
i

o

G g

(%)

(103



in which, assuming a value for o is determined, o is the onily

T
L3

4]

unknown. Representing the right hand side of (10} by the synmbol 4,

we have

i d .%i/{:i + ?z;:?

“The wvalue for v follows from our units cenvention that the gelley

price of all units be equal to one, v must be chosen such that the

vight hand side of (5) is equal to §, that is,

0
v}* st
g1 o=k o
o o -1
{ok Ao {12} L }

(12}

together with previously determined

The solutions to (11} and (12},

variables, permits a complete specification of (5).

On the demand side, an analogous procedure may be carried out using

CES utility functions. Writing a CES utility function with two

goods, X .and ¥, glves

s-1 g:1 s
U= (gx ° o+ -py %yt (13

pis

{Notice that since the size of Tunivs? of utility have no

I drop the sceling parameter from this formulation.

I retain the exponentiation of the expression by the termis/s-1) to



preserve homogeneity of degree 1 in X and Y, since that property will

be useful to us later. It has ne immediate significance, since 1t is

meraly transforms U monotonically.

S

WmLs S
YHE

T L (1t (14)

The expressicn for wmrs can be obtained by differentiating (12)

with respect te X and ¥, and dividing the resulting expressions (&

procedure analogous to that cutlined in equations (7) - (10) for

production functions). This yields

from which the value of £ may be derived. [Values of X, ¥, Py §? .

ES
and t are known from the benchmark equilibrium data set, and the
value of s has been exogenously determined by reference to

sconometric svidence.

Representing the.right hand side of (153} by B, and ﬁaarxangiﬂg, we

have

(16)

Table 2 presents the parameter values consistent with the benchmark

brium data set reported in Table 1, assuming all elasticities
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¢f substitutlon, in both production and demand, are set at 0.5.

g, Model solution

The last subsection showed how an AGE model was built. Once

bulilt, however, the model still has to be solved in oyder To provide
a basis for interpreting thé cutcomes of polley simulations.

Solution can be thought of és ﬁﬂmprising‘twc different kinds of
operations. The first igvelves the calculations of the guantity
impiications of any given set of prices for the model. That is,
given some set of prices, excess demands must be calculated. The
gecond Invelves the sesarch for an eguilibrium -~ that is, for a set of

5 ity

prices and revenues associated with zero excess demands. TIn
practice, model s@iﬁtiané'fx&qm&mtly invelve iterating between these
two operations. A price wvector is chosen, the assoplated excess
demands are caleulated, and the walues of those excess demands are

used to pulde the choice of the next candidate price wector, and so

on, until an eguilibrium price wector is found.

a) The calculation of excess demands

Reecall the following features of our stylized ACE model. First,
endowments of factor services are given. Seecond, constant returns to
scale prevail iu all industries. These two features combine to
vender tractabls the calculation of excess demands in  the model.

The constant returns to scale assumption permits us To reduce the

calculation of excess demands to cover facter services pnly. Bince



TABLE 2

Specification of a simple AGE model calibrated from the benchmark
equilibrium data set given in Table 1.

PRODUCTION.

Sector 1 0.5 0.13 2.73
Sector 2 0.5 0.44 2.67
DEMAND

CONSUMER 1 0.5 , .97

CONSUMER 2 0.5, \ s60
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the scale of @zaﬁuékiﬁm will mot alter the marginsl cost of
yxaduatimm’wiﬁ& factor prices held constant, - T can force eguality
between the demand and supply of produced commodities for any set of
facter prices by "scaling up® the level of production of any

industry. Once all activity levels have bzen determined in this way,
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mplied "derived” demands for capital and

labour, With endowments subtracted, YT am  left with a vector of

excess demands.

To see how this works for a particuilar functional form, consider

again the production function (5} and the utility function (13

will deal first with production. For cost minimisation, the marginal

rate of technlecal substitution of rapital for labour {(the ratioc of

marginal products) must be set sgual te the factor price ratio faced

by the industry as specifisd in (10). This iz my starting point in
3

deriving an sxpression for the fosft ninimising levels of capitsl and

labour rvequired to produce oubpult . Rearranging (10 gives

1o {lrty
L o= KiF - =) {17
¢ wi{l+r 3 : (17)
A
g-1 -1 o-1
w5 . » . ¥ s " o
Rewriting (5) as Q. =l 4+ {l-adl
S {N’j
3

and substituting in (17) for L, I have

” g1 L {o-1%
Q. &t e o (leg) FUHEL ‘
(%) ¢ =K te + (1-a)” ot ety } (18)



The cost pinimizing value fov ¥ iz thus given

-

which,

g = & o”

A { 5 5 ;
v s o, AT . o A LG {l-a)y Lo f{o-1
Tolrire 0] e ir{l%tg}*‘ f o (Lea)” (Wit )] 3 /<
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The cost wminimizing level of capital

r cubput-unit is then
o
]
. 1 o
KE w2 e {20)
&4 4o 41
[x{i+r 31D
K

(1-0) . o, .. (1-0) . o-1
where D = {&G{${1+tﬁ}} (1-2) +’§ng}a{wﬁi%tl}” N

Similarly, the cos

outpui-
unit is given by




tidis then & sinple matter to sompute unlt cost, which, since T have

e

assumed constant rvebturns to scale and competitive output markets,

will be conztant and sgual To producer price:
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I must now determine compodity demand. The demand function for X
and ¥ can be derived from the urilicy functien (13} by solving the
P sriate Lagrangean. The demand £ by ety 1 consumer
appropriate Lagrangean. The demand for X by typical FLE LI

given by

"
g PO
i = o {23}
N a{l»s} o oll-s3 kg
£ R g 1 % =
p. B, + {18 p }
¥ ;

i :
¥ - -8 , (26)

"

e e . .
where P py are the vonstant prices of X and ¥, equal to

g

{1%@ Y and @ A4t , respectively

».f

iy

At any set of factoer prices, incomes are determined by the wvalue o
endowments, taxes and transfers) Harker demands are caleoulated by

sumning individusl demands.

AT have already mentioned, the assumption of constant returns to
scale and its Implication of constant marginal cost for given factor

prices can be expleited to sipplify the seolution of the model. Once
market demands have been determined, 4+ can simply scals production
H Eallad §

activities to satisfy those demandd, thus snsuring equilibrium in all
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produced commodities markets. Excess demands, and the search for

equilibrium prices, can be confined to factor price space. When

t

activities are scaled to satisfy commodity demands, there will be an

implicit derxived demand for capital and labour given by

gd = W% | Ok (253
4 .
A P (26)

where Q% is the market demand for a typical good. Summed over all

: P ; . D D ;
production activities, the agpgregate derived demands K and L~ may be

3
compared with aggrepgate factor supplies KS and L. Excess demands
are given by . N o
AR 'S (27)
gbw iDL S o (28)

The solution of the model will ensure that these excess demands ars
zero., In addition, a third condition, that revenue collections squal

revenue disbursements, wust prevail:

R” - R (29)

The zero profit condition must of course continue to hold.

Search procedures for a set of prices and a level of revenue for
L .

K ' i brief
which £ and ¢ are zevo, and which satisfies(29) will now be briefly

considered.
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B Solution technigues

Az mentioned in the introductory part of this survey, one major
reason for the delay in the development of AGE models was ﬁhe problem
of solution. While it has been known since the work of Arrow and
Sﬁ%yeu in the 1950s that even under fairly weak assumptions, at least
one equilibrium existed, no computational procedure guaranteeing that
the solution would be found was developed until the Iazte 60s.  The
development of these solution technigues by Herbert Scarf and others
was the intellectual breaskthrough that provided the Impetus for AGE

model construction and application.

As it turned out, howevey, thess fixed point algorithms, as they ars
known, are not usually required for solving the applied general
equilibrium medels which have been developed to date.  Hewton fype
,yracedureﬁ; which fake linear approximations of various kin&sgq&av&

been found to be satisfactory in most cases. Fixed point algorithms

o

are discussed in a number ﬁfisuz§§ykpa§ex$ and will not be pursusd
here, To give sone idea of how ﬁéwiam type procedures may be
gp@%iaég howevef, lﬁt’ﬂmiéfiefiy sketch one such vroutine. Morve
cgmy:ehﬁnsiva examination of "naive® computational approaches has

been undertaken: a useful selection appears in Manne (1983)

The basis of this solution method is the development of a Jacobian
: T 3§i
matrix of excess demands, of which the element g;w is typical. These

>

5
s

alements of the matrix are caleculated from the benchmark equilibrium

by successively varying each pricé by a small amount, and noting the

resulting pattern of excess demands. This matriz, once developed,



provides guidance as te the likely impacts of relative price

movements on the pattern of gxcess demands, and can in this way

a
@

inform successive puesses in an iterative procedure. The megnitude

jack

of price movements is reduced as the values of excess demands decline
with successive guesszes. In the event that the Jacobisn generated
from the benchmark does not lead te a golution, a new Jacobian can be
salc&iatadi’whar@ the derivatives are evaluated at the set of prices
éﬂﬁkQu&ntitigs representing the iteration at which it was decided

5

that convergence using the old Jacoblan would neot occux.

o

10. Analvsis of z simple tax veplacement

H

The essential f&aéaré of the t@suits’gén@rat@é Erom AGE tax models is
that they are based upon a ¢amparis0n‘bé£weam alternative economic
equilibria. In most cases, th&‘in{tial equilibrium (uauailﬁ called
{usually aaiieé the ggg&ggg@gﬁﬁg %hi&hAiS“QOQSiSt@ﬁt with a sét of
tax rates whiﬁgMia different fro&jihe baméhmark set. Lafge'écale AGE
models can generate so many nmmgéés that cemparing aéuilibria becomes
’in;iérg@ paﬁtié problem in digegtiﬂg large setz of dé%a. It may

therefore be helpful to undertake a comparative static exercise for .

[~

the simple 2 sector model developed throughout this section, as
specified in Tables 1 and 2, The policy change considered is the

gbolition of the tax on capital use in sector 1.

An importent point to note in interpreting equilibrium comparisons is

,fhat AGE models determine only relative prices. Comparisons between
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wariables that a%a dependent on the price level, or, to put it
another way, on the normalisation rule, should be treated with great
caution. In the results analysed here, the normalisation rule chosen
iz that the sum of the market prices of capital and labour equal
unity in both equilibria. It is neither better nor worse than any
other rule. It does, however, imply that the consumer price index
falls from 100 in the benchmark o about 80 in the replacement, and
results which depend on the normalisation rule, such as consumer

incomes, should be interpreted with this in mind.

Inthe comparative static analysis, I will focus on measures of
deadweight loss {or excess burden, oxr welfare cost), on price and
quantity change, and on who gains and loses. Gains and losses of
economic welfare, either by individual consumers or in aggregate, are
usually measured by compensating and eguivalent variations. : These
concepts, which derive from Hicks’s work on the theory of demand,

permit a dollar value to be placed on the welfare effects of a

change. The compensating variation (CV) is the (algebraic) sum of

money which must be taken from consumers affected by an external change to
compensate (that is, to leave as well off as before) them for that
change. It is envisaged that this compensation would takg place

after the change had been effected, and would therefore be at post-
change prices. &ha equivalent variation (EV) is the (algebraic) sum

of money which must be given to induce a welfare change equivalent to that
which consumers would have experienced had a certain external change

been effected, Here i is envisaged that the external change in

guestion was not carried out, so the equivalent sum is walued gt pre-

s

change prices. The major difference between the two concepts is the

.

level of utility at which the cost difference due to the price change
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is measured, the CV belng concerned with the original utility level

and the EV with the final utility level.

gEs o s g .o . th e e s .
By definition, the equivalent variation for the 1 any individual
associated with moving from social state S@ to scclal state Si isg

i L

given by

ey T . . s . - T FEE Y £ Y
E&i = QZ {xﬁg Ui {?1; Yiﬁj - ﬂziﬁﬁj HZ [ﬁﬁ, E@»; {303
and the compensating variation by
o . - ] .
Cvz = Ci (913 ﬁz 1?1? ?i§3 - bz <p12 H; g?gs y0}> {51}

where Cz iz the cost function of the Ith consumer; its value is the
minimum money cogt, at prices p, of attaining the appropriate targst

level of urility.

Both EVs and CVs are widsly used in applied welfare economics as
measures of the economic gains and losses to individuals (ox
homogeneous groups of individuals). It should be emphasisady
however, that in general, only the EV provides the basls fora @0
satisfactory money metric. If we require of such a‘measure>é%atviﬁ
be capable of ranking all relevant price/quantity situations
éqﬁardimg‘ﬁm the preferences of the individual or the homogeneous
grouy;'then.the Cv is not admissable. This is essentially because
the Cﬁiﬁéés as its basic reference point z base level of

satisfaction. This is consistent with a large number of alternative

@

price vectors.



42

However, McEenzie (1983, pp 34 £f) has shown thael a necessary and
sufficient condition for the OV to pyovide the basis of &
satisfactory money metric in the above sense is that the utility
function be homothetic. 1In the results reported below, %h&r&faxew I
am. secure in Wy interpretation of the OV. For ﬁ$ﬁ=hc$?§§a§iq

utilitcy: functions, thisd would not be 0.

If the sum of EVs or (in our special case) CVs is used as a measure

of welfare change, the underlying social welfare functien is

i o ,,
JE 6, (3 Py y) ‘ R (2

¥ o=

where N gives the number of households or household groups; and is

assumed To be constant between social states,

in gemeﬁai, the evaluation of thesze welfare wmeasures involves the
explicit solution of the cost (or expenditure) functions. Here,
however, is where I wmake use of the homogeneity property of «the"
particular specification of the utility function (13). \F@x if the
utilicy Ffunctions are homogeneous of degree 1 in inconme, ihen the EV

may be caleulated by

, 1 0 .
EV, = B - ¥y (33

U, :

and the OV by

z:% vy
V=g . ¥ (34)

i ot 1

L
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The sum of EVs or GVs still embody (32) as the underlying soccial

welfavre function.

The results of the tax abolition are veported in Tables 3 and 4.

h

Price and quantity data are documented in Table 3. As a result o

the tax abolition, revemues have fallen from $130 teo §89.7. Whil

)]

this at first sight suggests that general-equilibrium interactions
have led to a revenue loss considevably greater than the $20 raised
by the tax in the benchmark, in terms of consumer price purchasing
. . . . . 4 4 s

power the revenue loss is $18 in benchmark prices. Capital income
has increased dramatically and labour income has fallen. Good 1 has
increased in demand, while demand for good 2 has fallen. Sector 1
has become more capital intemsive, while sector 2 has become more

labour intensive,

Turning to Table 4, the EV from tﬂé tax abolition for consumer 1 is
§12.1, while the EV for consumer 2 is - $8.1. Applying the social
welfare function specified in‘{SZ), 1 get a sum of EVs measure of $4
as the index of our gain in social welfare. The éum of Vs gives a
welfare improvement index of $3.2. Income changes for the two H
consumers are lower in absolute value than the welféxe cﬁémg%s
because the fixst'cansumer gains not only from the increase in the
value of his endowments but from the change in reiative COongumay

prices., Consumer 2, by contrast, loses from both the effects.

Finally, distributional effects may be noted, although in a 2

consumer model these are very artificial. As s result of this tax
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TABLE 3

BQUILIBRIUM PRICES AND QUANTITIES BEFORE AND AFTER ABOLITION OF TAX ON
USE OF CAPITAL IN SECTOR 1.

Benchmark (B) consumer price index o= 100
Replacement (R} = 80
CONSUMER 1 CONSUMER 2 TOTAL
IHCOME T
e ; B 65.0 65.0 130.0
Revenue receipts : s
44,9 44,9 82.8
Capital income B 30.0 14, 40.0
[Capital price = 1.18 in R 354 11, 47,2
replacenent] :
Labour income B 60.0 25.0 7 85.0
{Labour price = .82 in R 45.2 20,2 69.4
replacement]
Total income B 155.0 100.0 © 255.0
R 128.5 76.49 206.4
CONSUMPTION
Guantity of good 1 B 56.0 40,0 130.0
[Price of good 1 =1.12
in replacement. R 95.0 39.0 138,90
Quantity of good 2 B 20.0 40.0 60.0
[Price of good 2 = 0.99]
in replacement R 18.1 33,8 £2.0
?Rﬁﬂﬁﬁ?iﬁﬁjﬁﬁ%ﬁ?f?lﬁﬁ
L GOOD 1 GOOD 2
| B 20.0 20.0 40.0
Capital :
4 23.8 i6.2 4,0
B 60.0 25.0 85.0
Labour

80,7 24.2 84,9

e
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TABLE 4

CHANGE IN INCOME AND WELFARE PROM TAX CHANGE SPECIFIED
IN TABLE 3 (NORMALISATION ADJUSTED TOQ EQUATE CONSUMER
PRICE INDEX BEFORE AND AFTER CHANGE )

Change in income and welfare from abolition of tax on capital
use in sector 1. :

EQUIVALENT COMPENSATING INCOME

VARIATION - VARIATION CHANGE
CONSUMER 1 12.1 , 11.7 ' +7.0
CONSUMER 2 - 8.1 - 8.5 : -%.4
TOTAL + 4,0 + 5.2 + 3.6
b Change in welfare from marginal imCEeagﬁ_iﬁ tax rate on capital

use in sector 1.

{1 (2} (3
SUM OF EQUIVALENT  CHANGE IN (1) as %

VARIATIONS REVENUE

<21 .45 : _ 46.7

5
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change, consumey L, the richer, zets still vicher, while consupmer 2

iz worse off.

In Table 4, 1 wmay also read off the welfare conseguences of
marginally increasing the tax rate on capital use iﬁ‘tﬁﬁ production
@frgmaﬁ 1, This vequivrss a separate simulation, iﬁ‘@high the ﬁag
’féﬁenig margivally increased, ~The very substantial marginal welfare
cost of vaiging an additional d@iiazkﬁf revenue, whis% ig the -
interpretation to be placed on the percentage flgure reported in

column 3 oof part by of Table &4, is & result which has been

substantiated, at least in terms of order of magnitude, by a number

down the Harberger formula for the excess burden of an excise tax:

Le2 et?p o | e mrae(35)

where P is the initial price, Q the initial quantity, and the tax
rate t = AP/P.  The wvalue of the loss thus increases with the sguare
of the effective tax rate, while revenues, given by tPQ, increase

linearly with the tax rate.
The averape welfare changes reported in part a) of Table 4 may also

be calculated by the Harberger formula given in section II of the

paper. In benchmark prices, the Harberger formuls gives

{from table 3)
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This compares with an estimated gain of $4.0 using the full AGE
model. One important reason for this discrepancy is that the partial

equilibrium Harberger formula (36) takes no account of a further

distortion in the model - the output tax on commodity 1 - which
compounds with the tax on capital used in sector 1. The relationship

between the Harberger and AGE results is thus consistent with the
analysis of marginal welfare cost given above. Other sources of the
éisarepaﬁ@y include the linearisation assumptions required by the
Hazbéﬁger approach. In addition, of course, the Harberger analysis

does not permit any distributional analysis.

It should be noted that often, in considering the replacement of one
system of taxes with an alternative systen, the relevant policy
constraint is that the replacement set of taxes should generate the
same real government revenue as the original set. This is consistent
with ﬂusgréve*a {1959) canc@pt of *differential incidence”. When
economic behavicour is itself a function of tax rates, the rates
required foy matching the vields cannot be easily determined. In
fact, a full general-equilibrium analvsis is reguired to determine
such rates correctly. The computational algerithms used can easily
be extended to calculate not only an equilibrium for a new tax system
but also a ssakar'that determines the lavel of tax rates. The usay
hag some choice as to whether this scalar is additive orx
multiplicative to the rates in the tax system under examination and
whether the adjustments of the equal-vield rate {determined by the
scalar) apply to all agents and taxed activities or just fo a subset

of them. This technique iz described in Shoven and Whalley (1877},
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This 1s about as far as ap investigation of a simple 2 dimensional
AGE model will take me. 1In the next section, the ideas developed
here will be applied to large scale models of the UK and US. While
their basic structure is the same as that of the simple model I have
used g0 far, s vumber of refinements and extensions have been
incorporated inte these morve ambitious modelling attempts.  Toowiil

be examining some of these extensions and reporting the results of

the models for policy formulation.

IV, TAX APPLICATIONS

In this section 1 exawine the Findings of two AGE. models; one
calibrated to UK dats and one applied teo the US economy. In order to
understand the significance of the results, it is pecessary e
deseribe certalin sxtensions o the model ocutlined in ssction 111,
which have besn incorporated in these more sophisticated policy

models,

1. Extensions to the basic model

FHDOGERQUS FACTOR SUPPLIES
As developed in eariier mections, AGE models were characterised as
requiring exegenously determived fixed agpgregate supplies of factorw

services. At first sight, this requirement may appear to preclude

the AGE analvsis of the sffects of taxation on labour supply and

aving, both of which have received much attention in the public
finance literature. In some sense, it must always be true that

ageresate factor supplies are fized in egensral-sguilibrium models,
fe et o g =
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otherwise sndowments could not be defined. At the same time,
however, it has been possible to introduce mechanisms which allow

households to choose how much labour to supply to the market, and how

‘much investment te finance through saving for future consumption.

Both models extend the basic structure to permit analysis of these

iszues.

Labour supply to the market is rendered endogenous by assuming that
in addition to the labour which a consumer supplies to the market,

which he reserves for his own

use, and his labour the zum of these two

Iy

guantities. In the ed here, that use is the direct

e

consumption of leisure. Consumer preferences arve at the same time

modified so that at benchmark prices, households choose to consume

{

Leisu

e
i

divectly asg

o

re exactly the sames labour endowment increment. The

P

ity function thus has as arguments not only produced commodities,

}miw

uf

but leisure as well, and the supply of labour to the market will vary

with changes in the net-of-tax return to labour which can be

commanded. In this sense, labour supply to the market is endogenocus.

cween labour and lelsure introduced

3
peds
&3
o
g
s
@

H

Moreoveyr, the pure distortic

by income or commodity taxation is captured. There is still a fixed
endowment of labour in the economy, of course - the variable supply

of labour relates to-its supply to market uses,

ks,

In order to calibrate this eutended model so that it is consistent

with the econometyric literature on labour supply elasticities, the

utility function (13} is modified to a "nested” form. Consumers are



thought of as making & series of consumption cholces - f£irst,
choosing between goods and leisure, and secondly, choosing ameng

goods. Thus, in general, (13} may be rewritien

Lt
L0
S”

U= (L, ¢ : : {3

where L. is leisure, and € is a2 composite of market goods, chosen to

maximize the function

2

form; with consistent

e

These functions may both have a CES or velate
price indices beaing constructed for "composite® goods: Bach "level®
~of this nested structure has its own elasticity of substitution and
this allows the calibration procedure to take account of differences

between labour supply elasticities and commodity demand elasticities,

b Baving

E oy

To ima&xparaﬁé eﬁdagﬁﬁ@as saving behaviour utilivy fudctions-must be
further modified. The basic idea is to treat savings in any period
as réflectiﬁg a dggisisﬁ to acquire a stream of consumption in the
future. A decision by any household to save Implies a dacision to
lgurthase an annuity with an asscciated anticipated income stream
based upon the flow of capital services which will be vislded pevricd
by period from the stock af'the azget which is acquired.

Exéeﬂtaiiaﬁg arve Formed on the future price of capital gsyvices which
determine expected income in future periods.  Savings decisions sre

ma&eliad.usiﬁg'myﬁ§ie expectations and cuyrent perisd rental prices



on capital are thus assumed to dictate the expected real rate of

return on capital in future periods. 1f the economy is on a balar

srowth path, myopic expectations are spuivalent to pexfect
2 yop 3 £

since the rental price of capital will not changs as the scon

moves along its balanced growth path. Under an assumption o

balanced growth it is thevefore possible to consider

the economy in terms of an egquivalent single

problem. If the economy grows at the ralte ©

force, the effect of savings distortions can i

an equivalent one period geneval equilibrium m

3

through a comparison between balanced growth

endowments are assumed to be growing al some exe
and constant rate, the associated ba lanced-growth
be consistent with a unigue capital-labour ratio. e higher the

-vate of saving, the more capital intensive the economy

As the perceptive reader will already have discerned, how

6 omits an important element of the welfare effects of a shiit away

from a discriminatory tax on savings. In order to move Lxom the

benchmark growth path to the replacement growth path i figure &,

additional capital investment required te increase the capital labour

ratio from K /L to KliL must be made available by Fore

golng current
consumption. The actual path of the ecomnomy, following such a tax
reform, would look like the dashed line in figure o, where T% desnctes

the timing of the introduction of the reform, This impact is

captured in the US model by solving a "sequence” of equils
alement Iin the sesquence is characterised by a temporarily fixed

endowment of capital determined from the initial

capital endow

‘plus saving to that time. Thus, through the transition pe:
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between balanced growth paths, capital is growing at a Taster rate
than labour, and this iz reflected in the model simulations. Results
are derived by comparing these seguences of eguilibria, discounted

whete appropriate to present value Terms.
The utility function (13) may new be written as
£ 1 { T
VeV (U, Gy s Cy)y U (Cpd)

where the subscripts P and ¥ denote “present® and "future”
respectively. This is incorperated in the CES case by adding a
further level to the nesting structure. For both models, The pattemn

of the nesting structure is given by Figure 7.

1f welfare changes are calculated in discounted present value Terms,
therefure, it is not necessarily the case that such a reform will be
measured as welfare-improving, because of the early consumption loss

which facilitates the capltal despening required to reach the new

balanced growth path.

Once again, resource constraints are fized in the economy. Here 1
am fixing first period capital and labour, and the rate of increase
of the aggregate endowment labour in esach time period. The amount §f
capital available in all periods following the initial one will

depend on consumers’ cholces betwsen current consumption and saving,



FIGURE 6

CONSUMPTION PROFILES UNDER A SIMPLE INCOME
AND CONSUMPTION TAX

Log of
Consumption
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TEADE :

The other major extension which must be undertaken to transform the

fa

stylised model of section III to a fully fledged policy model relates
to foreign trade. TIn the real world, both factors and produced goods
are traded, and the closed economy assumption is a severe limitation

in models laying claim to a representation of veal world economic

phanomena.

On the commodity side, two different approaches are used. In the US
model, trade closure is established by impesing commodity trade
balance and transforming domestic supply into domestic demand through
net commodity trade statistics. The UK model, by contrast,
separately identifies goods preduced aﬁraad,’so that goeds in the

By

model are differentiated by thel

Ea]

location of production. A separate
"ragt-of-the-world” (ROW) consumer is modelled, whose income is
generated by ROW endowments, and who consumes all UK expﬂrté, and’ail
ROW ocutput except for UK imports. In demand, this requires an
additional level of nesting of demand functioms, with "corresponding®

foreign and domestic commodities grouped tegether with a high

substitutability assumed.

On the factor siﬁé, hoth models assume that facters arve immobile.
This is an important assumption, not wholly realistic, which has
powerful implications for results. For example, if capital were
perfectly mobile, then a tax on all domestic capital use would not
affect the net of tax return, ﬁhereaa if capital were immobile, it

would besr the whole burden of such a tax.



A certain amount of ganSiﬁiviéy &ﬁa%?sig has been carried out on this
question in the U.8, model. Goulder et al (1983) repert that
cutcomes are very sensitive to the assumptions employed. It would be
,;fai¥ Lo say th&§ the issue of how most appx%priatgiy to close a tax
model with respect to forelgn trade is not yet resolved, and remalns

" an important area for further research.
THE PUBLIC BECTOR

: §§th>mmd§1s cimg@ the public sector by asguming utilicy maximiziﬁg
bshaviour on a stylized "government™ consumer, Sﬁyexm&&g?.raﬁeﬁga is
- “derived from tax revenues and capital holdings. There is thus no
direct articulation of private demands for publicly provided goods.
A preliminary sttempt fo incorporate the endogenous determination of

public good supply with the UK meodel was reported dn Pilggott and
éﬁailaﬁq%l?%ia; ch. 8}, and has heen takeﬁ fuf?ﬁar inkéééééigéﬁﬁ‘

The basic structure of both models is captured in Figure 5. Table 5

4

gives a summary of differences hetween the two model specifications.

2. Resultes from the % and US models

A large rumber of model simulatiens have been carried out with boeth

‘the UK and US models. The guesﬁiéﬁé asked are of two broad types.

of the overall tax system (or of

it

First, what is the economic lmpact
some part of the tax system) relative to some hypethetical Ypeutral”

alternative? Second, what is the economic effect of some specific



TABLE 5

Comparison of UK and US model structures

UK

160 household consuming agents
3% produced commoditiss

Capital and labour as inputs

Multi~stage CES demand
functions
CES production functioms

with-intermediate production

Factor supply endogeneity
inéﬁrparateé via labour
leisure choice and
balanced growth comparisons
associated with alternative

tax regimes

~International trade in commodities
modellied by explicit articulation
of "rest-of-world" trading partner.
Pactors of production assumed

immobile intérnationally.

12 household consuming agents

18 produced compodities

Capitsl and lasbour as inputs

Multi-stage extended CES

LES demand functions

CES production functions with

intermediate production

Factor supply endogeneity

incorporated via labour

leisure choice and sequenced

equilibria capturing

transition between balanced

growth paths associated with

alternative tax regimes

International trade in

commodities closed.

Factors of

production assumed immobile

internationally.



58

tax reform proposal (for example, z shift from income to consumption

taxation)?

The UK model -~ a summary of findings

The first results to be discussed are generated by & madg; simgiati@n
in which all taxes and subsidies are abolished, aﬁdkzﬁgiaﬁgéi§y>yieié
preserving, iﬁmy sum taxes levied 8¢ & rate proportional to housshold
consumption. The "fixed factor® warisnt of the model is used here;

neither labour nor capital supply to the market are variable.

The overall Vi&@'?ﬁﬁﬁ&nt&é of the UK tax/subsidy system 1s that the
annual welfare c&&gs of its diﬁtorting sffects a:§ﬂ§igﬁificant, and
‘mééﬁed raéistrihutiﬁm ocours.  This contrasts with an often asserted
view that no significant redistribution occurs through the
taxfsubsidy>sysﬁem {save for ﬁirag; transfers), and that w§;fax§
:éﬂﬁt& of digﬁaxtieﬁﬁ are small. This latter viéw zgaéth& a Qs%i&y
prescription of attemptz at further and iﬁﬁfﬁ&sgé»:géistriﬁativﬁ
taxation since costs are small. The model findings suggest t&&'
épg@sitﬁ §giicy’wria3taﬁiaﬁ of more concern with efficiency and less
wit& redistribution in tax reform.

The aggregate estimate of the static annual welfare 103@ from non-
savingsfgom-leisuxe distortions produced from taxfﬁub§idy gﬁ&iaies in
tﬁéuéﬁ of 6% to 9% of MNP at fagﬁar cost per year. fhis is an annual
réaggriﬁg loss which is laxgeé than might’be expected from an
egtfépalatian of some of the currently available @Stimaggﬁzﬁﬁ

distortionary costs in the public finance literature.
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The distributional impact of the tax/subsidy system is found to be

iogs as a fraction of housshold

o
)

strong in terms of welfare gain or

on of all taxes and subsidies with

jods

dispesable income. The abolit

replacement by a vield preserving general sales tax makes the top 10%

"

of houssholds some 76% bhetter off and the bottom 10% some 20% worss

)]

off. The impact on the Gini coefficient of size distribution o

n

incomes is much smaller, however, changing by around 30 points out of

1000, These findings are consistent, since the Gini ceefficient is

i
[l

least sensitive Co movements in the Zaiié of the distribution, and
most sensitive to changes in the area of the mode, The
redistribution appears to arise not from relative factor price
movements so much as from the direct effects of the personal income
tax and the income and welfare effects of consumer tax and subsidy

abolitions.

The tax system substantially protescts rthe ha#aing industyry. Remowal
of tax/subsidy diztortions shows a éharp reduéﬁian in the provision
of ﬁéuﬁing serﬁices. By contrast, the tax svystem penaliées the
maéﬁfégﬁgring in&ustfies. This occurs both because of the personal
inasié tax bresk on owner-sccupation and théﬂgubﬂidy to local
authority housing. The housing industyry is algm emphaaiéﬁd.when the
impact of indivi@uai components of the subsidy svstem ars
investigatsd; Cne striking feature is that thﬁléhﬁiéﬁiﬂﬂ of local
authority h@usiﬁg subsidiag, K&pléCﬁd by a vield preserving $§bgidy,
gives a gain to the top income group which is ons half of ﬁh& total
gain they would recsive by the ccmpietﬁ abolition of the progressive

income tax,
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More generally, the results from simulations in which @éztg of the
tax-subsidy systems are removed suggest that major welfare gains are
achievad through the vemoval of distortions in the indirect tax
system. Changes in the ratic of direct and indirect taxes which move

in favour of direct taxes tend to be both redistributively and

allocatively desirable.

When the varisble factor supply wariant of the model is used, meither
Igbour supply hor gaviﬁgs diétaxxigﬁﬁ appear to increase &
substamtiazly the welfare costs of the tax-subsidy ﬁfstéﬁgegtimat@d
with the fixed factor variant, fT&% kevy alagtiaiﬁ§ wvalues here are

the savings elasticity, which is set st 0.4, and the uncompsnsated

at zero. When the variable

vt

Iabour supply elasticity, which is s=
factor supply variant is used, it is found that meving from the
existing income tax to a ‘pure’ income tax ap?éa§£ te be a welfare
Yosing préyaéﬁﬁicﬁf‘éﬁétcrtiﬁnﬁ in housing are x&m&?&d but
distortions of savings worsemed. 4 move to a pure amnsum@tiahﬁiax is

a significant gaining proposition.

The extended model was also applied to an analysis of tax inflation
interactions. Inflation non-neutralities potentially produce
significant welfare impacts. In particular, there were significant

effects from the interlinkage between housing distortions and

inflation since inflatiocnary capital gains on houses are tax free.

The US model - a summary of findings

Perhaps because of its more complete modelling of intertemporal

effects, the US model has been used extensively to analyse tax
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54

reforms which might be expected to have an impact on savings and
growth. These reforms include both propesals for integrating the
personal and corporate income taxes, and transforming the income tax

te a comsumption tax, thus eliminating the "double taxation® of

savings,

Total integration of the personal and corperate income taxes is shown
to yield a present value of gains vanging from $311 billion to $895
billion in 1973 dollars, or about 0.5 to 1.0 % of the present value

of consumption, depending on the vield-preserving tan. The

Proad

corresponding results from partia

integration plans were found to be
generally lower, although they exceeded 5100 billicn in every case,
Simulations with the model suggest that the potential galns undex
integration from removal of intertemporal distortions would be
significantly reduced if marginal income tax rates are raised,
particularly if the higher-incoms groups, who are also larger savers,
face larger rate increases.

In examining the economic effects of moving from income to
consumption taxation, it must be realised that the US already has a
partial consumption tax, since roughly half of saving is not subject
to tax: 30 percent through retirement plans and 1ife insurance, where
the tax is daf&rzeé until withdrawal (as with a consumption tax), and .
20 percent in the form of new housing construction. Housing must be
purchased with after tax dollars (i.e., the saving/investmenr ig not
deductible), but the return on it, imputed or otherwise, is very

lightly taxed. Thus, it is not taxed twice, as with an income tax;

obn
ot
i
ot
g
[
m
o
=2
o
=
i

e
i
=
]
=
o
b
&
o
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ly analogous to a consumption tax.
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Hodel simulations indicate that sheltering more savings from the
current .5, income tax could improve economic efficiency even if
marginal tax vate Increases ars necessary in order to maintain
government revenue. The present value of welfare gains for a policy

o with marginal rare adiustments {a

¥

o

of complete savings deductio

-

consumpblon tex) is around 8500 billiom te $500 billlon in 1973
dollars, more than 1% of the present value of consumption. Gains of

- gt

this magnitude are very significant. The gaine are smaller undeyr the

consupprion tex when revenues are rveplaced with distorticonary taxes,

but larger when lump-sum scaling is used,

& combined policy of tax dntegration and savings deductions offers an
even greater welfare improvement, with the present value figure lying
between 5975 billlon and 81,3 trillien, or sbout 2% of the present
value of consunption.

Among the most interesting simulations that have been carried out
with the US model, however, relate mot to specific proposals for tax
reform, but te the torsl and mavginal efficiency costs of the overall
tax system. The estimate here for the hypothetical experiment
removing the entire [ax system and replacing it with 8 set of lump-
sum levies ghawa@ﬁthat\th@ present value of welfare weould increase by
$3.3 trillion, which is roughly 6.7 percent of national income plus
leisure, or 10 persent of nationsl Income. {This is consistent with

the UK fipnding. )

The resuwits of marginal increases in taxes, however, are even more
dramatic.  If 211 marginasl vates are inereased by 1%, for example,

the marginal welfare cost is aestimated at between 32 and 76 cents pey



63

dollar of revenue raised. This kind of caleulation, which cammot be
ropriately carried out using partial equilibrium techniques, has
important implications beoth for the sssessment of the efficiency

rinal tax veform and for cost benefit analysis, which

has traditionally ignored the marginal welfare cost component of the

tax ravenus cost of public projects.
V. Concluding remarks

This survey has aimed to introduce AGE analysis in a way which will
give some sense of the contribution it has made to economic

investigation of taxation policy

o

, and provide an appreciation of the
tasks involved in constructing and applying such models. In

conclusion, I offer a summary of the benefits from AGE modelling,

Py

ot

briefly list the strengths and weaknesses of the approach, and

indicate new ressarch divections.

AGE analysis has provided policymakers with a sophisticated tool for
the analysis of microeconomic policy issues. These models are now
providing more refined caleulations of efficiency and distributional
effects tham'wefﬁ previously available. While policy decisions
continue to %g'mé§?; and while it is believed that such decisions are
not wholly determined by competing groups lobbyling fox their” own
ends, these models will have a role to play in providing fresh:

iosi shts on policy aprzunﬁ not available from any other source. An
example of such vumerical ingighﬁ is the marginal welfare cost
caleulation carried out with the US model, and summarised in section

IV, The size of the marginal excess burden of a dollar of revenue

was not fully appreciated priocr to these calculations. At another
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level ,AGE models can force policymarkers to think consistently about
a policy problem, since to explain model results, the intuitions
stemming from the general equilibrium model structure must be

understood,

The empirical implementation of this approach permits a higher
dimensional version of traditional two sector general equilibrium
models. This yields a number of advantages over earlier attempts to
deal with incidence and efficiency questions associated with tax

policy.

Firstly, considerable disaggregation of commodities and consuming
groups 1s possible. This allows incidence analysis to focus on the
.giz@ distribution of personsl incowme, rarher than solely on factor
incomes. It also permits a more general representation of tax
éi&taxtians} which treats alternstive agents, factors and commodities
differently. Taxes and subsidies can be introduced on all
transactions, so that multiple tax instruments can be represented and
changed simultaneously. Eztended models can cope with the endogenous
variation of factor supplies, through introducing labour, leisure and
intertemporal consumption choices. The two most exhaustively
analysed distortions in the public finance literature can therefore

be treated simultansously.

Secondly, the extension of this approach to include equal vwield
alternatives wmakes possible differential incidence caleculations.
These are easlier to dnterpret than the incidence experiments
assoclated with the Harberger approach, or the incidence assumptions

uged in much of the partial equilibrium literature.



Thirdly, there iz much more fl@iihility in the tax changes that may
be considered. Taxes may be changed by discrete amounts, and a
number of tax instruments simultaneously altered. This allows
complex tax reform proposals to be assessed. It also opens the way
to an analysis of the econonic effects of the overall tax system
which escapes some of the methodologilcal difficuluies confronting
statistical tax burden calculations which have heen stressed in the

Literature,

Like any othey

to the analysis of economic issues, however,
ACGE modelling has disadvantages as well., Firstly, these models are
not macreeconenmic, and they cannot address economic problems
assoclated with the business cycle, such as unemployment or

T %

inflation, oy can they address iszsues of interaction betwsen macyo

o

variables and micro policy instruments, such as tax-inflation
interactions, in a mammer which takes account of unanticipated

Sezcondly, many policies can only be

L in very cyude terms, so that the generval
equilibrium impact of the actual policy may be quite different from
the policy as modelled. Thirdly, data
problems, particularly elasticity estimates, constrain the accuracy
and further development of AGE analysis. Finally, not all policy

nst

fobs
(31

uments can bes represented in any one AGE model; regulatory
poelicy.for exanple, may be omitted from a tax wmodel, Those that are
included may well, im,xealiﬁyiviﬁtaract with those that ave omitted,
g 3,

So policy assessment, while aidsd by AGE models, must still recognise

the incomplete nature of the policy representation in the model.
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New vesearch directions include the incorporation of fﬁgﬁi&@iﬁﬁ
policy [Imam (1985)], public goods [Piggott and Whalley (198731, and
price rigidities [Nguven {(1985)]. Research by Heady and Mitra, and
others, has focused on the AGE computation of optimal public
poelicies, thus addressing the important theoretical literature on
optimal taxation. Heady and Mitra (1986) present a useful overview
of this work. Issues such as the 1ife cycle, human capital
formation, and the impact of overlapping generastions have yet to be
addressed within this framework. Perhaps the greatest strength of
AGE analysis is that significant guestions keep on presenting
themselves as research procesds, thus stimulating and guiding a

continuing research programme,
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ENDNOTES

i ﬁmggrave {iﬁﬁg DR, 3%3 &Qé} yxsvld@s a %iatmria&i review of the

wﬁrk ﬁf thes@ writers with Speﬁlﬁl ref&zanae to tamation.
2. Sge Shoup (1969, p. 15.

3, Through the remainder of the 60s and into the ?ﬁﬁ;ygépaxg by a
mumber of authwls appehrﬁé,whish modified and extended the
Harberger madel in various ways. For ax&mgl& @aLu?ﬁ {i§é§}
has extended the model to encompass interregional incidence,
and has introduced immobile Ffactors (1971la). Thirsk (1972) has
extended the analysis to the case of three goods, and
Mieszkowski (1972) has considered the case of three factors.
Anderson and Ballentine (1976) have extended the analysis to
imaotgarata the cage of monopoly. Finally, Vandendorpe and
Friedlaender (1976} extend the Harberger formulatilon to
an&am?ass an indtial situation with a number of distertions,

although only one instrument may be altered at any one time.

4, This section draws on the intreductory section of Piggott and

Whalley (1985a).

5. Although the existence of equilibrium is. assured, there is no
guarantee thét such an equilibrium will be unique. In an
economy with distarti&ﬁsﬁ no sufficient conditions for
uniqueness have thys far been formulated. The possibility of
multiple equilibria is clearly of concern if the results of AGE

models are to be used for policy assessment, since two
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alternative solutions may have quite different impiénagioﬁﬁ fgr
efficiency and distribution, even though the specified tax
reform is the same in both caseg. Kehoe and whaliaya{1§é§}
have damenﬁtratedkfeﬁkthe US model referred to in ééc%iﬁn v
that the solution is unique. By and large, therefore,

researchers operate on the presumption that uniquensess

prevails.

The two best expositions are by Scarf {1§8i!and 19843,
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