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ABSTRACT

-
-~

/

This paper develops-a sequential dynamic general equilibrium mode/l"of the U.S. economy -

;

DAGEM. Economic behavior of every agent in this economy is derived from an intertemporal

specification of the agent's objectives and constraints. Firms maximize the present value of the net

. cash flow in a technology with adjdstment costs to determine endogenously optimal supplies and

.6ptimal demands for the different production inputs. In particular, investment decisions are

forward looking. Real investment is financed by retained earnings and issuance.of new debt ‘and
equ‘ity according to exogenously defined rules. Government intertemporal behavior is obtained
from tﬁe maximization of a social welfare function defined over the domain of a public good and
subject to an intertemporal budget constraint. The government is allowed to run deficits which are
financed by issuing bonds. Optimal household behavior follows a life-cycle type of model
generating endogenous savings and labor-leisure decisions. Household asvset portf.oﬁo decisions
merely accommodate the composition of demand for funds.  Equilibrium invthis ‘economy is

conceived as a temporary Walrasian equilibrium. All the markets clear, hence the Walrasian
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nature of equilibrium. Also, equilibrium in the short run is such thaf market clearing prices' are ‘

parametric on the. expectation ermation rules, hence the temporary 'nagure ‘of .equilib'rium.

Thé 'second part of this paper addressés problems of implementation and policy analysis with
the DAGEM. In the context of applied general ec{uiiibriun.w analysis, policy ‘evaluations are .typicélly
carried out by contrasting a base case reflecting the status quo and several counterfactual equilibria
reflecting different scenarios generated by the policy change under consideration. First, it is
necessary to specify the base case equilibriurﬁ. In panicui"a(, the data reguirements are reviewed

and sources provided. Secondly, the different equilibria are made comparable by the use of the

concept of equal yield. The concept of equal yield is generalized to accommodate the existence of

government deficits. Thirdly, the information contained in the different equilibria is synthesized

Ve

by using a scalar indicator. This indicator is the dynamic genera/l'r'z(ation of the Hicksian

i

éompensation tests to a context in‘ which expectations are nc;t self-fulfilling, and no future markets

éxist. This chapter contains also a discussion of 'the computation strategy and, in particular, the

computatiqn algorithm. |

‘ This'paper concludes with a critical assessment of the DAGEM in terms of mbdeling ahd

implementation as well as suggestions for future research. The potential of the methodology
developed in this paper is em‘phasized. In particular, the merits of DAGEM to address several

public finance issues, like the possible re-introduction of investment tax credits or the effects of

political measures tending to balance the government budget, are discussed.

-
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DAGEM - A DYNAMIC APPLIED GENERAL EQUILIBRIUM MODEL
FOR TAX POLICY EVALUATION ™
) Dogumentgtion

CHAPTER 1 - INTRODUCTION )

There is‘_a well established budy of Iit’eratu’re focusing on tax policy evaluation using
computational general equilibrium (CGE) te‘chﬁiques (see Shoven-Whalley (1984) and Pereira-
Shoven (1988) for detailed surveys of this literature).!/ The CGE approach has been developed as
an answer to the three-way trade-off among the traditional methodologies in economics in their

unest for comparative statics results. Partial equilibrium allows for highly disaggregated analysis

rd

at the cost of not considering market interactions. Macroeconomics allow/s/for market interactions’

\ /
in the context of highly aggregated models. In turn, analytic general équilibrium allows for both

-

3

disaggregatéd analysis and full bonsideration of ruarket interactions. However, unlike partial
“equilibrium and macroeconbmic -analysis, general equilibrium fails, in general, to ‘produce
" clear-cut quantitative énd qualitative analytic comparative.statics results. This is due to the
complexity and dimensionality added to afford full-market feedbacks in a disaggregéted setting.
Computaii'onal general equilibium keeps the desirable features of ,analytic general
equi!ibrium. in particulé.r, it allows the study of differential impacts across sectors of production
and consumer groups taking into full consideration market interactiuns. However, CGE is based on
the use of flexible numeric - as ouposed to analytic - tbechniques to obtain clear unambiguous
comparative statics results. Furthermore, by adopting the numeric apuroach, the modeler does not
have to be confined to small changes in parameters as with an analytic approach. This is also an
important feature because large chahges in policy parameters are required by most policy
alternatives. } ) ) A -

This paper develops a dynamic applied general equilibrium model for tax policy evaluation -
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2
DAGEM. The economy is characteriied by an incomp!eie, sequential mack‘et structure in é finite
horizon and in a discrete time frame. Agents face a dynamic envir:);\ment. Economic behavior of
every ageht in this economy is derived from an intertemporal specification of the agent's objectives
-a{td constraint.s, b;-;irms maximizev the present value o‘f the net cash fléw in a technology with
adjustment costs to determine endogenously optimal s:upp!iés and optimal demands for the different
production inputs. - In particular, investment decisions are forward Iookin‘g‘. Real investment is
financéd by re‘tained earnings and issuance 6f new debt and equity according to exogenously defined
rules. Government intertemporal behavior ié obtained frb‘m the maximization of a social welfare
function defined over the domain of a public good and subject to an imertemporél budget constraint.
The governmént is allowed to run deficits which are financed by issuing bonds. Optimal household

behavior follows a life-cycle type of model generating endogenous saving§ and labor-leisure

. (/ " B
decisions. Household asset portfolio decisions merely accommodate to th/e' composition of demand

A}
¢

for funds.

H
A

Economic decisions are formuléted in a context of uncertainty about future prices and interest
rates. In each period, expectétions'are formed as point expectations according to given rules. The
”.doncept of Temporary Wairasian Equilibrium (TWE) is adopted to capture the incompiete and
sequential aspects of real world trading and the limitations of foresight into the; future. All the
markets for the several cpnsumption goods, investment goods, labor, and financial funds, clear,
henée the Walrasian natl;re of equilibrium. Also, equilibrium in the short run is such that market
clearing prices are paramet;'ic on the expectation formation rules, hence the temporary nature of
equilibrium. |
The model in this paper departs from most of the numerical GE literature for tax policy
evaluation, in several fundamental directions directly relevant for policy oriente.d~ana|ysis,2*'
First, it provides a comprehensive modeling of dynamic economic behavior. In particular,

government deficits are optimally determined and investment decisions are forward looking ah'dha're

the result of optimizing behavior. Secondly, it encompasses an endogenous sequential equilibrium

e e v s v g e
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structure founded on dynamic economic behavior with ﬂexibie expectations. Thirdly, the model
provides a detailed consideration of financial assets;, public and privaie. |

In the -context of applied general equilibriu_m analysis, policy evaluatians are typically carried
_o'ut by contrasting a base case reflecting t‘he status quo and several counterfactual - revised case -
eouilibria reﬂecfing different policy scenarios. That being the case, it is first necessary to specify
‘the base-case equilibrium. In particular, the dat:«i\ req'uiremeotsi are .reviewed and sources
provided. Secondly, the differont equil‘ibria are r.nadehcomparable by the use of the concept of equal
yield generalized to accommodate the existence of government deficits.  Government optimal
behavior in the revised cases is consistent with the base case social utility levels. Tax policy
changes may be financed by increased tax revenues holding government deficits constant, or by
increased debt holding tax revenues constant, or any combination of the two. The pure effects of the
tax pohcy change can thereby be separated from the effects induced by margfnafl financial crowdmg

/

)
out. Thirdly, the information contained in the different equilibria is typic’alty synthesized by using

a scalar inc_jioator which is the dynémio generalizationw of the Hicksian compensation tests. This
measure was derived specifically. to accommodate mtertemporal compansons\ when perfect
" foresight is not assumed and future markets are not open.
| Due to the absence of the requirement of intertemporally consistent action plans, the empirical
implementation of the DAGEM for a T-oeriod horizon, implies that T-separate rounds of one-period
equilibria have to be corhpoted. The link between adjacent periods is endogenously provided by the
recu}sive relationships of the stock variables in the economy. The DAGEM model is implemented
with a stylized data set for the U.S. eoonomy, using a nonlinear optimization algorithm - NPSOL.
This paper conciudes with the critical assessment of the differont contributions in terms of
modeling and implementation. Some directions for future research are also discussed'. Also, the
potential of the methodology developed in this paper is emphasized. In particular, the merits of

DAGEM to address several public finance issues, such as the reintroduction of investment +ax

credits, or the effects of political measures tending to balance the government budget are discussed.

e e . o eSS s L+ 84 ot o o At e S daas e




CHAPTER 2 - A DYNAMIC GENERAL EQUILIBRIUM MODEL: FOR TAX POLICY EVALUATION

This chapter opens with a brief overview of “non-dynamic” dGE models. The rest of the chapter
develéps a fully dynamic applied general equilibrium ‘mbde! -DAGEM -Mdesigned for the purpose of
tax policy evaluation. S-ection 2.2 provides a general characterization of the économic environment.
The optimal. behavior of households, producérs, and government is spelled out in sections 2.3-2.5.

Séctioﬁ 2.6, establishes the temporary Walrasian equilib.rium conditions and the optimal

-

transitions for the different stock variables in the economy. Section 2.7, develops the different

rules of formation of expectations to be considered in this work. Sections 2.3-277, also include

brief overviews of relevant aspects of dynamic CGE modeling. for tax policy evaluation.

-

The origin of most of the CGE. models goes back to the work of Scarf (1967, 1973), who first

. developed.a reliable algorithm to compute equilibrium prices for an Arrow-Debreu economy. His

élgorithm used simplic@al subdivision techniques and can be s.hown to be the computational analeg cf -
the fixed point theorems previously used to prove the éxistencé of equilibrium. His technique could
soive a model with an arpitrary number of consumers and commoditiés, as lohg as ell agents were
price takers, consumers were subject to budget constraints, demands were continuous, and
production did not display increasing returns to séale. The algorithm, while guaranteed to
~ converge, was relatively slow for problems involving more than say, 20 dimensions. A major
improvemen{ in computational speed was offered by Merrill's algorithm (1972), which used the
same fundamental ideas as Scarf's procedure.

Scarfs model (as is true for the standard Arrow-Debreu model) does not include a government

sector - neither taxes nor public goods. As one of the most promising applications of the new

computational technique was in the area of tax policy evaluation, Shoven and Whalley (1973)
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extended the general equilibrium model and computational appu;oach to incluc}é a wide array of taxes
and a government spending plan. The original .Shoven-Whalley' model was_ static (although the
different ¢commodities could be considered similar goods available at. different dates, as in
.Arrow~Debreu),‘ and government waé assumed to run a.balanced budget. THe data are arranged as a
s;cigl accountir;g mvatrix. The model's specification and calibration are checked by solving it in the
‘presence of the base set of taxes. The result should.be e;<actly the initiél social acpounting hatrix.
After having b_assed this replication c.heck,'the. mod;zl is solved for a counterfactual equilibrium in
the presence of a new tax design. The result is once again a social accounting matrix. The two
equilibria are compared in order to assess the impact of the new tax plan. The-first uses of this
.model for tax policy evaluation were Shoven-Whalley (1972), Whalley (1975), and Shoven
(1976).

~

Completely static models as Shoven-Whalley's are unsatisfactory for (mény tax reform issues.
\ /

These include corporate tax integration, effects of investment tax credits, effects of accelerated

Al

depreciatiohs, consumer or expenditure taxes, and im-portance of saving subsidies like IRA's, etc.
"These are essentially dynamié issues. They involve not only the allocation of capital across sectors,
: but perhaps, more impdrtantly, the capital intensity of the ec;)nomy. But, the capital accumu!atioh
and capital reallocation take time and may involve adjustment costs. Because of these issues,
Ballard-Fullerton-Shoven-Whalley tool: the first steps towards developing a dynamic model.

’.!n this context, the éhoven~Whalley model has been extended and implemented for the U.S.
economy in Banard-Fui[ertbn-Shoven«WhalIey (1985). While their book completely documents
the modei, it was used in several pﬁblications beginning in 1978. Their model consists of nineteen
production sectors, twelve households, and fifteen consumer goods. It includes a very detailed set of
taxes, including the federal and state personal income taxes, federal and state corporate ﬁncome
taxes, Social Security taxes, property taxes, unemployment insurance, excise taxes, sales taxes,
etc. ‘It has been calibrated fo reproduce the 1973 U.S. economy. Recently, a version correspording

to the 1983 U'S. economy has been developed. |
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.The Ballard-Fullerton-Shoven-Whalley model is dynamic in the sense that consumers face a

choice between current consumption and leisure versus future consumption (which can be .

purchased via savings). The consumer classes act as if they were rﬁaximizing a nesied CES utility
ﬁ]nction'over the domain of a CES aggregate of cpnt'empqraneous consumer goods and leisure and
- future consumption, subject to their»incomé constraint. The parameiers of thbse functions
aetermine the shares of income devoted to each commodity, to sa;/ing, and to the “"purchase” of
leisure. They also determine the two key elasticities in thé models - the eldsticity of labor supply
with respect to the real afte[ tax wage rate, and .the elas&icity of saving' with respect to the real
after-tax rate of return to cabital. |

In the model, consumers have myopic expectations regarding future prices and, in particular,

regarding the future rate of return to capital. Ballard (1983) and B/allard-Goulder (1985)
"mcorporate both perfevct’ foresight and limited foresight into ihis mode’l/;/lFuture consumption is
éacquired" by buying a fixed compésition portfolio of real investments that offer an infinite a{nnuity
of returns. ' - . i -

The production side of the model is completely static. The model incorp-orates a constant
"elasticit;/ of substitution between primary inputs in production (capital and laborv) and fixed
coefficients for intermediate inputs. The model distinguishes between industrial outputs and
~ consumer goods for the -simple reason that the data are classified differently. Industrial sectors
involve such categories as forestry and fisheries, metal mining, and publishing and printing, while
consumers purchase furniture, automobiles, and books. This fact is recognized in the model by
incorporating a second stage of production which converts industrial outputs into consumer goods.
'This techndlogy is usually nﬁodeled as a fixea-coefficient cdnversion matrix. |

The Ballard-Fullerton-Shoven-Whalley model assumes that the private sector finances
’ marginal investment with the same composition of debt and equity as currently exists in each
sector.' This is the same assumption that Harberger originally used. Investors all hold debt and

equity in the same proportion. Therefore, this ownership can be aggregated simply into capital

- gy
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6§~nership. For tax purposes, however, the separate treat_ment of deSt and equity is taken 'into
account at both the corporate and personal 'Iévels., Similarly, the. dividend policies on corporate
equity are established exogenously. There are ﬁo government bonds in the model, since there are
no government deficits,

The model is solved for a sequence (as many as 100) of temporary equitibria, with consumers

- allocating income between present and future consumption at each point in time. The path for the

economy is a set of connected equilibria. The connection is ‘provided by capital accumulation.

" Capital -accumulation is endogenous and detérmined by saving. The model starts with a social

accounting matrix. In the base case the economy is assumed to be in a éteady-stgte growth path

(along which all relative prices are constant). The model solves for both the new steady-state

) grdwth path and the transition to it after a ‘policy intervention. The authors have frequently

-

addressed the question of how long it takes to effectively settle into a new steady-state growth path.

A : /

The dynamics of the model are |imited, however, in that future ponsu’ﬁ‘nption is collapsed into a

A

composite commodity. Also, the absence of government deficits and the lack of production dynamics

limits the realism’ of the Ballard-Fullerton-Shoven-Whalley model for the analysis of dyna‘mic

‘ policy issues (such as the adoption of a consumption tax or the elimination of the investment tax

credit).

More recently, a whole new generation of models has been developed by Andersson (1987),
Auérbach-Kotlikoff (1983, 1984, 1987), Ballard (1983), Ballard-Goulder (1985), Bovenberg
(1984, 1985, 1986), Erlich-Ginsburgh-Heyden (1987), Feltenstein (1984, 1986), Goulder
(1985), Goulder-Summers (1987), and Jorgepson-Yun (1984). The model in this paper -
DAGEM - is pretty much in the spirit of this new generation. Acgordingly, throughout this chapter

the DAGEM model will be compared to and contrasted with these recent contributions.

h e v AP AR e N T
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2.2 THE ECONOMY

The economy is characterized by a sequential market structure in a finite horizon and discrete

tim_e~ frame, t=z,...,T.- At period t, all current markets are open. Spot markets are allowed to

_re-open every perliod. .There are no future markets at any t. | J+3 markets are open at every t: J
output/con’sumption goods markets, the physical capital good market, the labor market, and the
financfal assets market. . |

In this economy there are three types of égents: consumer groups, ir}dustries, and government.
Agents face a dynamic envi}onment. The economic behavior of every agent is derived from an
interiemporél specification of its objectives and constraints, Intertemporal transfers of wealith are

allowed and economic decisions are forward looking.

-
e

To make -their real and financ:_iai decisiohs ét éach t, the economic ag;»é}wts use several types c;f
information. ~They observe current'prices at t. However, economic de;:isions are fermulated in a
éontext of uncertainty about future prices and interest rates. lnt-ér‘temporal consistency in the
usual Strotz (1956) sense is not impésed in the model. Agents are allowed to commit mistakes due
could have been improved upon should the agents have accurately foreseen the future. Thus, plans
‘about the future will, in general, be revised. A minimum consisiéncy requirement on individual
behavior is imposed. Given intertemporally defined objectives and c;)nstraints. economic decisions
are intertemporally consistent in the broad sense that they are the best possible decisions at evéry
moment based on the availablé information about the future és synthesized by the rul«es’of formation

of expectations.

The information set at period t reflects what is known about the economy at t. It consists of all

the structural information of individual preferences and technologies, and all the past

equilibrium/observed prices and quantities. Individual expectations at t for all t+1,...,T, are based

on available information as specified in the information set. Expectations are formed as point

. to incorrect expectations. By generally assuming imperfeci foresight, decisions will be taken that-

P
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‘expectations according to specific rules. Expectations are updated wheﬁ new information comes into
the information set. For example, the expectations of prices at t+h~formulated at t and t+1 will,-in
general, be different. In terms of the the informétion structure- of the economy, it is assumed that
all th;e agents agree on what thé future prices will be: they have homogeneous expectations.a/

Therefore, the possibility of informational asymmetries across agents is ruled out.

Atomistic com'petition in each and every market is assumed. Even though the number of agents

on each side of the market is finite, »it is assumed that enough égents are involved to render their
actions negligible in terms of the overall edui!ibrium outcomes.4/ Tﬁe concept of Temporary
Walrasian Equilibrium, (TWE), is adopted to capture the incomplete ,and 'sequentigl aspects of real
world trading and the limitations of foresight into the future which we want to capture in this model
‘ ('see-Grandmont (1982) for a detailed discussion of the ‘temporary equilibrium literature).  All
current mari_<ets are a.ssumed to cléar, hence the Walrasian naturg /of/ equilibriu‘m. Also,

) /

equilibrium in the short run is parametric on the expectations cf future prices held by the

i
A

different agents as well as future taxation parameters, hence the temporary nature of equilibrium.
Actions of the economic agents are based on expectations which may turn out to be incorrect, i. e.
- .price exp‘ectations are not se!f—fulfming.s" The link between adjacent periods is endogenously

provided by the recursive transitions of the stock variables in the economy:.

NOMIC BEHAVIOR:; HOQUSEHOLD S

Qverview of the Literature

Early efforts to build dynamic features into the economic behavior of consumers are due to
Ballard ‘(1983) and Auerbach-Kotlikoff (1983, 1984). Their work has been closely followed by
several subsequent authors. In fact, dynamic household behavior is the single most pervasive
aspect among the models more recent CGE models. ] | - |

These models incorporate some form of life-cycle behavior. Household behavior is detarmined

o Y
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by the maximization of an additively separable, time inva’ria.nt intertempo'rél utility function. The
utility function is ‘defined over the domain of the consumption'goods in the economy. In most of t.he
models, leisure is also an argument in utility so that labor supply is optnmally determined.

Uuhty maxnmuzauon is subject to a lifetime mtertemporal budget constraint which equalizes
. the present value of consumers' income and expenditure. More recently m.Andersson (1987) and
Bovenberg. (1985) the constraint is defined as a sequence of ~recursive equations of motion on
wealth-. This has the potential advantage of accommodating liquidity constraints. However, It should
be rec‘ognized that in the absence of liquidity constraints (i.e. when consumers are free to
completely Borrow against future income), the two specifications of the househoid constraint are

_essentially equivalent. Furthermore, in both versions saving is optimally determined as a way of

transferring wealth intertemporally. . y
. Ve

- /

. Some models now have a sophisticated dynamic specification of hous,e'/hold behavior. In Ballard

(1983), Ballard-Goulder (1985), -and Auerbach-Kotlikoff (1983, 1984, 1987}, consumer's

behavior is embedded in an intergenerational setting. . Each of them has 55 age cohorts

simultaneously alive. Some measure of intergeneraticnal altruism is considered in the form of

3

directly from bequeathing part of their wealth. Therefore, bequests assume the form of a scrap
value of terminal wealth of a generation. In Auerbach-quko_ff (1983, 1984, 1987), each
generation erﬁpathizes with the utility of future generations over bequeathed wealth. In addition,
Ballard (1983) includes detailed demographic projections with the intent of incorporatiﬁg in ihe
pohcy analysis the effects of the Post World War I baby-boom. N

ln the 'eal world household dems:ons also mclude the optimal allocation of saving among

alternative physical or financial assets. Theories of household portfolio behavior are relatively

well-established. However, they involve uncertainty as a crucial element. Accordingly, they have .

not been mcorporated in the context of the deterministic dynamic models. We will corme back to

this issue below.
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- bequest motives. In Ballard (1983) and Ballard-Goulder (1985), consumers derive utility
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. The information struct;re underlying the econc;mic problém of consumer group i at peyiod z
can be summarized as follows. At the beginning of period z, the consumer ohserves cmrent.
.commodity and .!abor prices and current interest rates. ~A;:cordingly, fhe value of the current asset
portfolio is observed. Then, the consumer formulafes expectations ,about future prices and
. anticipates the parameters of future taxation policy. These parameters are used to determine his
intertemporal plans for coﬁsumptidn, labor supply, and asse‘t portfolio holdings.  Due to the
temporary equilibrium structure of the model, only current piahs are' strictly enforced. The actual
intertemporal sequence of plans is obtained from'the contefnporane@s perio& decisions associated

with an intertemporél sequence of optimization problems; |
<Intertempora6 preferences of consumer group i defined over current and future commodity

-~

consumption/labor supply plans are rebresented by a time separable fel}c‘ﬂy function of the form:
. . » ) ,

/

(1) zzstsT("+3i>'(t'z)‘~‘j('-,i'Lit'Yntv---inJt)
where ai‘ is the time-invariant, subjective rate of discount for class i, and Ui(.) is a well behaved,
time-inyériam utility function defined over the space of the J output goods Yjr and leisure, H;.

Leisure is given by L'i'Lit' where L’i is consumer i's total available time.

Tﬁe consumer's behavior is constrained by.a recursive set of budget constraints relating the
~intertemporal patterns 'of income, spending and savings. At t, consumer group i receives labor
income, pi ki, and lump-sum transfers from thg government, Try. Also, consumer i receives
wealth generated income, which includes capital gains:

(2) .W'Ejejt)'t’*zjejt(Divjt/PjE'mEjt)l'Wit+ZjIPjEerEt-ﬂEijt

where ejt is the share at t of equity j in total wealth of individual i, ej:=ijt-1Ejit’Wit- and

1-Zjejt. represents the fraction of public and private debt, 1'}:jej{"(zjaijt*Bigt)/Wir
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Labor and wealth income are taxable according to a linear progressive income tax schedule.

P

Lump-sum transfers from the government are considered tax-exempt. Capital gains are taxed at a

different rate, CGT;;. Accordingly, disposable income at t is given by:

(3) bit+(1-Tit)[thLit+[(1-Zjejt)rt+Z'jejt(Divjt/ijt_‘1Ejt)]W“]-rTrit
+(1-CGT) ZlPjet-PjEL-11Ei)t o

where b.it is negative to reflect the fact that ﬁarginal tax rates exceed average tax rates, and Tj; is

the marginal income tax rate fo[ household group i.

. At eéchi pjtyijt. représents pre-tax expenditure of group i in commodity j. Purchase of good j

is"subject to an ad valorem sales tax. Therefore the total after-tax expenditure of the i-th group in

consumption gqods is Zj(”Tj't)pjtYijt- //
\ . /
" Given the information above, the .recqrsive set of budget constraints - the equation of motion

for wealth - can for every t be written as:

(4) Wit+1'Wit=t?u+(1'Tit)'lbu'—n*‘[“'Zjejt)'t+-zjejt(D‘Vjt/PjEt-1EthWitl‘f
+(1°CGTi{)21[PjEerEt-1lEijt*fon'Zj“+Tjt)Pjtyijt
(5)  WiT,1=0
» Tifue terminal constraiht on wealth (5) implies that the total present va!u’e of current and
future expected income receipts has to be equal the ’present value of current and future expected
. spending. ‘
' Savings represent intertemporal transfers of wealth to finance future consumption.

- Accordingly, W, 1 represents the new total wealth at the end of period t to be transfered into

period t+1 after all expenditures have been incurred. Additionai wealth representing the total

amount of new funds made available by group i to the rest of the economy is invested according to

criteria detailed below in this section. Savings generated by group i at t are given by

sy e o e w4 e 8 e L e A S s S|y ey o i A e e s+ S S 5 e gt 8 s
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Sit=ZlBijt+1-Bijl*[Bigt+1-Bigd * ZPjEtlEijta1-Eijel-

P

Formally, at each period z the economic problem of consumer group i can be stated as the

,maximiza‘tion of the expected value at z of his felicity. function subjéct to the recursive sequence of

. puaget constraints, to terminal state constraints, and to a sequence of future price expectations.

~ Such problem can be written as:

(7)

(8)

(9)

(10)

(11)

+(1-CGT i) Zilpjet-PiEt-11Eijt+ Trig Zj(1+ T PjtYijy

'\’.‘a"{y,L}Ezsst“+3i)'(t'z)Ui“—ivyin'-wyut)
subject to: |
i) non-negativity constraint on controls for all z<t<T
yij20 for all 1<j<J, OsljsL’
ii) equation of motion of wealth for all zi<T
Wite 1-Wit= ZilBijt4+1-Bijtl+[Bigt+ 1-Bigtl+ ZjPjEt Ejjt4 1~ Eijt]

l/,
=bj+ (1-Tid [P b+ L1 Zje ) r+ Zje jp(Divi/piet- 1 Ej) IWiel +
iii) state terminal conditions for all isj<J+1 (includes investment good industry)
Wi, =W i=2j8 ij+szjEZ-1E ij*B ig

Wit+1=0; BjjT4+1=0; BigT41=0: PjETE|jT41=0-

- In what follows, the time invariant utility function wiil be characterized by a two-level nested

structure.

At the top level, consumer i will decide about his consumption/leisure allocation

according to a linearly homogeneous Cobb-Douglas structure. At the lower level, consumers will

decide about their~pattern of disaggregated consumption/leisure 'according to a linearly

homogeneous Cobb-Douglas structure. This is equivalent to the following specification:

(12) U5(Ln,...ym,.‘..)=Zja;jln(yijt)+(1-Zjaij)ln(i.'i- Liy) -

The hroblem (7)-(11) is solved using control theory techniques, in particular, Pontryagrin's

i i e e
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- Maximum Principle to obtain the optimal demand iunctions. The relevant Hamiltonian at time t

P

Hy(Lj.yi:Wiiq;) and for z<t<T is:
18) Hy(LpyaWisg =(143y)(1-2),
{z}aij{n(ym)ﬂum~zjaij)|n(|_'i- Lit)+(1+qi)"§t+1.
[Wit*jbit*“’Tit)(thLit*{“‘ijejt)"t+zjejt(DiVj:/pj'EtJEjt-)]wit)

+(1-CGTi XlpjEt-PiEL- 11 Eijrr Trip Zj(1+ TPty ijel}
The Hamiltonian function represents the present value at z of the sum of the utility at t derived
from contemporary consumption and leisure plus the implicit utility value of wealth transferred to

next period, discounted back to the moment when decisions are being made, t. The dynamic shadow

price associated with the equation of motion for wealth at t (1+ai)"qn +1 is/,té be interpreted as
‘ X ;

\

the marginal utility of wealth at t.

- 3
3

The pecessary conditions for optinj1al‘ity at z are:
i) mﬂmmgnmuhg_ﬂmummm for all z<t<T,
. (14) Wits 1= Wigr by (1-Ti [PLiLipr [(1-Zjejr+ Zjejp(Divyy/pjEy. 1 E ) IWig]
+(1-CaTi) X lpjErPiEL- 11 Ejjr Trie Tj(1+ T Pjay it
i) state terminal conditions |
}(1'5) W;,=W;" (initial state condition)
(16) Wit,1=0 (final state condition)
iii) adjoint_equation for the marginal utility of wealth for all z<t<T
(17) Q= (1+3) T {1+ (1Tl -Zje )+ Tje (Diviypi .1 E ;) 1 Qig4 1
iv)_H’amegian variational conditions for control variables H; and Yijt for all z<t<T -

(18) (1‘21:aij)/ (LS =(1+3) a1 (1- TPy
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(9 aylyij=(1+3)" 1 aj, 1 (14 Tjpy

Closed form solutions to this problem are obtained in Appendix il. It is enough here to say-that ‘

both the demands for different consumption goods and the supbly_of lab.or depends on the
cbmem‘p'oraneous interest raté and on the respective price. Also, through the marginal utility of
" wealth, both the demands for different consum;;tion go.ods and the.supply of labor de;;end on
éxpectation about future labor prices and interest rates, but not future commodity prices. In turn,
savings behavior depends on all contemporaneous prices and _inferest rate, as well as on future
labor prices and interest rates, but not on futﬁre cpmmodity prices. .

24 Ml HAVIOR: PR R

B //
. . . - v
\ v ! r ’ )
X /

The efforts to build dynamic fgature,\s into the economic Sehavior of producers are more recent
énd less widely adopted. The first attempts are due to Bovenberg (1984, 1985) and Summers
(1985). Dynamic behavior has beeh more fg!ly incorporated ip the recent models of Andersson
. (1987), Auerbach-Kotlikoff (1987), and Goulder-Summers (1987).

" Part of the reason why production side dynamics has been more slowly adopted is the \;sleak

supply of accepted theories referring to the dynamic behavior of the firms. In the models referred
to above, dynamic production and investment behavior are induced by the existence of capital
adjustment costs and linked to Tobin's q theory. Adjustment costs are designed to capture bc;th the
incomplete mobility of capital across industries and installation costs (i.e. the costs of adjusting
capital towards its optimal level).

Adjustment costs can be conceived as internal to the firm and measured in terms of foregone
output along the lines of Lucas (1967). This is the way the above model approaches the concept.

Alternatively, adjustment costs can be viewed as actual external costs incurred together with the

(ol N
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pufchase costs, along the lines of Gould (1969). o .-

The firms in the economy maximize .their market value as the present discounted value of the

future stream of dividends. In Andersson (1987), firms aré seen as maximizing the present

discounted value of net cash flow. Maximization is constrained by the adjustment cost technology

.and an equation of motion describing the evolution of the capital stock. It should be noted that

under exogendus divfdend/retention rules the two problems are -equivalent.

~The models with static formulation of producers’ behavior are charécterized by passive
{nvestmeﬁt behavior. Investment merely accomrﬁodates to.saving in the economy. With a dynamic
formulation induced by adju§tment costs, real investment decisions .are forward looking.
Investment is éndogenously and optimally determined by thg firms. A fundamental difference
be:tw:een the short run in which capital stock is inen. and long run in which the/level of capital is

allowed to be optimally determined is emphasized. S
2

/

~ This extra richness of production dynamics is not without costs. A caréful look at the summary

tables will clearly show an inverse relation between the adoption of dyﬁamic features in production

and the levgl of disaggregation of theAproduction side of the economy. In fact, with production

dyhamics thé dimension of the problems is immensely increased. Let us be more specific.

In a static f-ramewo.rkAwith constant returns to scale production technolegy, the output ‘Ievel is
indeterminate. The optima} allocation of inputs can be obtained by cost minimization with any
feasible output level generaiing zero profits.  Such zero profit conditioﬁs are used to solve for the

output prices in terms of the factor prices and hence to reduce the dimensionality of the problem

- from the number of commodities and factors to the number of factors. Thus, even if the model deals

with 30 production sectors, the computation of an economic equilibrium can take place using only

- the dimensionality of the primary inputs in the economy.

Now, under certain regularity conditions on the production and adjustment costs techrologies,
leading to enough concavity of the optimality objective, the intertemporal output path for the firm

is endogenously, optimal!y, and uniquely determined even with constant returns to scale

LT WO S T TR
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technologies (see Pereira (1986,1987)). Accordingly, ;vith adjustment costs in the model

optimal profits will in general be non-zero. This result hds crucial implications for the

computation of equilibrium in the models with production dynamics. With adjustment costs, no’

reduction of dimensibnality is possible. The curse of dimensionality returns as a binding
'co‘nstraint. . | -

The introduction of adjustment costs adds anotﬁer si'gnificant c;omblig:ation to the modél. With
capital béin’g less than perfectiy m‘obile in t.he eéonomy, different rates of return on capital will
exist in different sectors. This is a difficult- problem to tackle conceptually in the absence of

uncertainty. In the real world, producer maximization choices also include choice of financial

ratios (debt/equity) and payout rates (dividend/retained earnings). These financial subjects are

" difficult, and much of this behavior is still taken as exogenous by the modelers. We will come back

-

to these issues below. ' e
. Co. /
/

e DAGEM
The information structure underlying the economic problem of production sector j at period z
can be summarized as follows. At the beginning of period z, the producer observes current

commodity and labor prices and interest rates. The producer then formulates expectations about

future prices and anticipates the parameters of future taxation policy. This information is used to

determine the intertemporal plans for output supply, demand for labor, investment and

intermediate inputs, and demand for funcs in the form of outstanding bonds and equity. Due to the
temporary equilibrium structure of the model, only current plans are strictly enforced. The actual
intertemporal sequence of plans is obtained from the contemporaneous period decisions associated
with an intertemporal sequence of optimization problems.

Production technology at each t is represented by a time-invariant Leontieff structure of the

fo)rm: : -
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-function for sector j is: -

18

-

(20) yje=Min{F(Lip.Kpphyjai/aje.Yjgr/ajg)- | '

The value-added production function, VAjtsz(Lit,Kjt), is twice continuously differentiable,-

strictly increasing in every input, and concave.
We further assume that adjusting capital stock towards' its optimal level is not costless. ' This
idea is captured by sector-specific cost functions "a la Gould” (1968), defined over gross capital

stock accumulation. The adjustment cost functions can be interpreted to include both acquisition

and internal, non-market adjustment costs. The twice continuous'ly differentiable investment cost

-

(21) TC.J.(Ijl)=p|l[lit+Cj“jt)]’

The adjustment cost function has the following properﬁes:ﬁl
' \(22) Cj(0)=0. and C‘-(Ijt)>0 for 'jt*o i

(23) apj(ljt)/a|jt>o for 'jt>°' and ‘aCj(Ijt')(ant<0 for 'jt<°

2 2

“equation of motion:

where th is the depreciation rate of capital stock installed in sector j at period t. Depreciation

rates are sector-specific.

The equa;ion of motion of capital reflects the idea that, in the short run, capital stock is fixed,
i.e., the capital stock in existence at t is not a decision variable at t, but it is determined by optimal
decisions in previous periods. However, at t investment decisions will be made determining the
capital stock at t+1. In the long run, capital stock is variable.

Each sector of production j faces ad valorem taxes on the use of labor services, which represent

' The evolution of capital stock through time - reflecting actual investment - is given by the
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‘the employer's portion of Social Security taxes. Therefore, if T, is the tax.rate, assumed constant

across sectors of production, the cost for sector j of one unit of labor is given by (1+T )p .

As a consequence of its decisions at period t, the sector realizes gross profits Hjt - payment of

capital services plus economic profits, i.e., sales revenues minus non-investment expenditures:
(26) - Mji=[Pj1-Z 1 <<y (AjiPidlyji- (1+ TP Lt
Each sector j is subject to an ad valorem corporate tax on Hjt- Thz‘al after-tax gross profits are

“'chtmjt- where cht is the sector-specific corporate tax rate at t. .
On the.other hand, investment expenditures benefit from an investment tax credit which is an
" ad valorem subsidy. Actual investment expenditures are (1"cht)plt{‘jt*”cj('jt)]-

o~

Interest payments are deductible from the corporate tax base so thaj"fhe net interest paid on
A /

/

1
1

'outstanding bonds is “'cht)'tB.ji:

A!so.Adepreciation aliowances DAjt are to be. deducted from the corporate tax base. Let @’jt and

- . K'jt be tﬁe depreciation rates for tax purposes and capital stock for tax purposes, respectively.

The after-tax gross.profits are increased by cht@’jtK‘jt-

Industry j's net cash-flow at t NCth can be written Aas:
(27) NCFj=

=(1-TejIPj-Ze(ajp ) IF (K, Lyjp)-(1 +TLt)thth}'(1"cht)[plt]jt‘*cj(ijt)]-

The discounted value at t of the intertemporal sequence of net cash flows is obtained from the

sequence of current and future expected market rates of return ry's.

The producers' dynamic behavior with respect to real economic variables is determined by the -

maximization of the present value of net discounted cash flows at each moment z subject to strictly

PR e
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convex adjustment costs, the equation of motion for the capital stock, and futurg price expectations.

¥

Formally, this is for z<t<T, z<s<t,
(28) Max{y,L’l;K}Zt[ﬂsU+rs)’1]NCEjt=£t[ﬂs(1Trs)'1]. |
{O-Tg P Zajp ) IF (K Ljp) - (T + T Ry bjd - (1-1TCypd [Py C (1 1
subject to: ' '

i) nori-neqativity _constraints for all z<t<T and 1sf<),

(29) yjy20, Ljy20, K;20; |
ii) equation of motion of capital stock for all zst<T
(B0 Hj=Kjaq-(1-0 Ky
iii) state end conditions : .
) e
| - - | )
@) Kjp=Kj /

(32) scrap value of capital at T+1 is zero.
. In what follows, the time inVariani_ value added production function will be characterized by a
‘line‘arly homo’geneous Cobb-Douglas structure:
o a; 1-a;
(33) Fi(LjKjd=(Li)®i (Kjp) "9
Also, the adjustment cost function is assumed to be quadratic:
(2= 1.2
(34) C)(!“)_.S bjln
This problem is solved using control theory techniques, in particular, Pontryagrin's Maximum
. Principle, to obtain the optimal factor demand and supply functions. With this choice of functional

forms the Hamiltonian associated at t with our problem becomes:
(84) Hy(LpliKiap=[Mycecq(t+rg) .
AT IRy Telajp ) 1L FH(K ) 311 (1T dp gLyl -

-(1 -ITCjt)p“[Ijt-c».5bjI]t2]+(1 »rrt+1_)'1qjt+1 [ji+(1-2) Ky}
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The Hamiltonian function at t represents the present value at z of the sum of the net cash flow

at t derived from contemporary production activities plus the imputéd (shadow) discounted net cash

flow valué of capital to be installed next period. The dynamic shadow price associated with the '

- equation of mgtion» for capital at t is (1+rt+1)‘1qjt+'1. .This is to be intérpreted as the marginal
.value att of capital to be installed at t+1. ’

The n_e,c_essan/_c_o_o_d_:_mns for optimality are:

o i) equation of motion for the si'aie 'variable for all z<t<T

(35) Ijy=K

ii) state_terminal it

jte1 (1-Q) Ky

(36) Kjo=K{

] (initial state condition)

(37) qjT+1=2 . (final co-state condition) al
iii) adjoint equation for the co-state variable for all z<t<T
(33) 'q]t=(1 'Qj.t)(1ﬂt+1)"1 Qjre1+ (1 -Tejd (Pjr-Z¢(@jep 1)) [(1 'af)(th/Kj:‘)ai]
' iv) Hamiltonian variational conditions for_control variables Iy and Ly for all 2<i<T
(39) [pjr-Ze(ajp ey Maj(Lyy/ K @D 1=(1+T

(40)  (1-1TCjpyl1+bjll=(t+ry, 1) Tajyy 1

"Closed form solutions to this problem are obtained in Appendix lil. Demand for labor and
intermediate inputs as well as output supply depend on all current prices and on the rate of
interest. Nobfuture prices are relevant. However, investment demand is forward looking in the
sense that zt not only depends on the current price of the investment good but also on next period's
interest rate and all the other future prices via the shadow price of cépital. In turn, demand for
new funds depends on all the current prices and on the rate of interest as well as on all the future

prices and rates of interest via investment demand.

ot gt G s e
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25 NOM HAVIOR; GOVERNM

iew iteratur

Two issues dominate the modeling of government beh.‘avior. F;rst,_ government behavior
typically has been seen in the CGE literature for tax policy evaluation as constrained by yearly
balanced. budget's (see, for example, Ballard-.FuiIerton-Shoven-WhalIey (1985)). The analysis of
government deficits and public debt in a CGE con:tex.t requires a dynamic setting. Second, the level
of government expenditures is ;zither exogenouly given as in Auerbach-Kotlikoff (1984, 1987),
Bovenberg (1584, 1985), Feltenstein (1984, 1986), and Jorgenson-Yun (1984), or
endoéenously {but not optimally) deter‘mined by the balanced budget cgnditions as in
Ball.::lrd-Fullerton-Shoven-WhaHey (1985), Andersson (1987), Erlicp-ééinsburgh-Heyden
(1987), Goulderﬁ(1985), and Goulder-Symmers {1987). »In the second ca;e, the composition of
publib expenditures is often optimally determined. However, the level of government expenditures
\can. only be endogenously gnd optima!ly determined if the government is seen as an intertemporally
oétifywizing agent ana 'is allowed to run deficits. |
_ The first attempts to deal with government deficits in CGE tax models are due'to Auerbach-
Kotlikoff (1984), Feltenstein (1984), und Goulder (1985). In Auerbach-Kotlikoff (1984),
government expenditures are exogenous. They grow at the rate of growth of population. However,
, given the tax structure and tax revenues, yearly deficits and surpluses are allowed, subject to an
'ir}tenemporal constraint that the present value of future tax revenues equalis the present value of
future expenditures. In Feltenstein (1984, 1986), government expenditures are aiso eéogenously
“~given. He also allows the government to run deficits to finance expenditures in excess to tax
revenues. However, surpluses are returned to consumers in the form of transfers. Accordingly,

government is not subject to any constraint regarding the future repayment of public debt. In

Goulder (1985), the government maximizes a static social welfare function subject to a balanced

N
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budget constraint. This follows the bptimal allocation of government expghditures along the lines

of Ballard-Fullerton-Shoven-Whalley (1985). The model is generalized to allow for exogenous

changes in the time path of government expenditures.. Two financing alternatives are considered and

- contrasted: additional tax revenues and bond issuance.
. The mod;3| in this paper attempts to address both the incorporation of deficits and the
~ determination of government expenditures. The path of éovernr_nent e;cpenditures_ énd the path of
defic':its/surp'lyses (and therefore the patl’i for debt) are endogenously and optimally determined.
The government is seen as maximizing an i‘ntertemporal social welfare function given the tax
structure. Optimization is subject to a sequence of recursive equations of ‘motion reflecting the
~ evolution of the public debt, allowing for government budget imbalances. At each moment
government's decisions are based on the consideration of its current and future interests and

rs

constraints. _Its evaluation of the future depends crucially on the expectatioﬁs about the future state

A /

~of the economy, in particular its. expectations about future prices. ‘This extra richness in the

A

treatment of government behavior allows the examination of government debt policies in a truly
dynamic setting. Also, financial ¢rowding out of private investment induced by government deficits
' can be analyzed in a more meaningful way than in Auerbach-Kottlikoff (1987) and Feltenstein

(1986) in which deficits are .endogenous but not optimally determined.

~ The DAGEM Model |
The information structure underlying the economic problem of government at period z can be
summarized as follows. At the beéinning of period z, the producer observes current commodity and
lator prices and interest rates. Also, at the beginning of period z, the governri‘nent formulates
expectations about future prices and the param‘eters of future taxation policy. The government then
determines its intertemporal plans for demand for consumption goods, labor, and investment as
well as demand for funds in the form of new outstanding bond. Due to the temporary equilibrium

structure of the model, only current plans are to be strictly enforced. The actual intertemporal
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, sequence of plans is obtained from the contempo‘raneous period d‘e.cisions-associated with an
intertemporal sequence of optimization prob!ems. '

The gove.rnm_ent engages in four economic activities. First, it collects téxes accofding to an
exégenously given_tax regime. Second, it transfers disc}etionary lump-sum amounts to the private
sector. " Third, it purchases consumption goods, capital, and labor to accomplish general government
activities through. the production of a public good. Finally, since general govérnment activities are
constrained by a‘recursive set of budget const(aints, and it is allowed to run yearly deficits, the
government is also allowed to engage in the sale of public bonds to finance such imbalances.

The government raises revenue by levying taxes on the private sector. It is :;ssumed that the
government kno;rvs exactly how to compute the tax revenue it is going to collect at t. It is as if the
government knows the ciosed form net demands of all the agents in the economy and therefore the

rd
tax base. The governmert can aiso infer future tax revenues which arg’ relevant for current

decfsions from future price expectations. .

The tax system and tax policies are institutiohauy given as the outcome of a-process not
Ncg;.)tured by the model.”/ - Six c!assés of taxes are considered in this model as described in the
preéeding sections. The total revenues they generate at t are accumulated as follows:

1. ad valorem Lab_QL_;a;g on labor services used by the different industries (j=i,...,J:1)

and government, representing Social Security taxes, unemployment insurance, and workmen's

compensation and which generates revenue LT:

(41) '—Tt=(ijLtthLDjt)+TLtPLtLD|t+TththF—Dgt-

It should be noted that government is seen as paying taxes to itself on the use of labor.
Consequently, the income effects of such a tax cancel out. However, the price effects measure the
opportunity cost to government of hiring labor. Notice also that marginal labor tax rates in the

private and pub!ic sectors are different, reflecting better pension plans for government employees:

2. ad vaiorem corporale _income tax on industry j=1,...,J,| generates revenue CTt net of
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interest deductibility and depreciation éilowances:

(42) CTt=Zchjt[(pjt'ZfaftPft)YSjr(1 *TLi)p'LtLDjt"Wt-Bjt‘g itk -

.

3. ad valorem jnvestment tax credits ITCt.' on industry j=1,....J;l,

© (43)ITC=X{ITC)pyylljp+ Cj(ljp)]- | .

4. ad valorem sales 1ax generates revenue STy:
. D. ;.
(44) ST{=Zi[ZiTppjy ~iptls
5. a progressive personal income tax represented by a linear function for each i

generates revenue ITy:

: (45) |Tt=Z‘{‘b‘+Tn[thLDn+[(1 -Zjejt)rtq-Ziejt(Divjt/Ejt)]W“]

: . . . - Ve
6. capital gains tax: %
\ /
(46) CGT=XZ;CGT(Pjer-PjEt-11Eijt* ZjCGT 1(PjELPjEL-1) Ejt-
Accordingly, muam_mumesi at time t are TTy: )
Total lump-sum redistributive transfer pgyments, i.e., transfers to houseﬁolds at t (Social

Security, food stamps, AFDC, etc.) are exogenously given and represented by Tri=%Tr;;.

"The basic intertemporal consistency requirement imposed on government behavior is that its
actions are constrained by an intertemporal balanced budget condition. The discounted sum of all
the government expenditures on commodities, labor, and new capital investment cannot exceed the
discounted.‘sum of all its revenues, i.e. tax revenues net of transfers. The intertemporally

recursive specification of the budget constraint can be written for each z<t<T in the form:
(48) LG 4=(1+r)LG+[Tri+Zipjty gjir (1+ T gL PLtbgt+Pitlgtl-T Ty

with end conditions
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(49) LG,=LG’ I . S , -
(50) LGT,1=0.

Qptimal government spending is derived from the maximization of a social welfare function

over the domain of an éggregate public good. Such public good is produced using capital, labor, and

intermediate inputs according to a well behaved production function. This public good is not subject

to market pricing. Accordingly, its production is financed by tax income and other sources of
government income. This optimization objective is consistent u.rit.h our 'moge!ing of consumers'
- behavior in whiéh the public good does not enter the sét of budgét constraints and .is not a decision
Qariable. This is equivalent to having the public good enter additively in time t to the private
u’tilfty functions. Thus the marginal rates of substitution between private goods do not depend on

-

the’ level of availability of the public good. The government is then assumed_/.to’ act empathetically

\ 7
with the private consumers according to a constrained social utiiity maximizing problem.B/

The social weifare function over the domain of the aggregate public good can be expressed
ihdirecuy in terms of a well-behaved, time invariant utility function defined at every t over the J

commodities and labor and capital services:

(51") Ug(thngt'YQ‘]tn--'yngt)'

The intertemporal government preferences at z are characterized by an additively separabie
intertemporal felicity function of the form:
(52) Zpgrar(1+3g) (M2 (Kgp Lgrygqpo-¥gur)

thre ag is the time invariant subjective rate of discount for the government.

The government's optimization problem at each period z can be formally stated as the
maximization of the expected value of its felicity function subject to the recursive sequence of

budget constraints as follows: -

WU A S A e
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(83) Maxqy i 1 1{Z2gt<T(1+3g) (M2 g (Ko Lgpyg t--n¥guil}

subject to:
i) pon-negqativity constraints for all z<t<T, )
. (54) Ygjt20 for all j=1,...d, Lq;20, Kg;20
ii) equation of motion for government liabilities for each z<t<T, .
i) end conditions for government ligbilities
(56) LG,=LG ™ (initial condition)
(57) LGy,1=0 (terminal condition)
iv) equation of motion for capital stock for all z<t<T -
‘\ (58) th+1='gt+(1'ggt)th .1/
V) ! !.!. t V N ‘\ ! N l . !
{(59) ng=K g (initial condition)
(6 0) scrap value of capital at T+1 is zero.

In what follows, government social welfare function is assumed to be a lineérly homogeneous

Cobb-Douglas function:
{61) Ui(-)=agkagt+?gL'”Lgt‘*zjagj'"ygjt where,
(62) agk+agL+2jagj=1
The interpretation of a function like (61) should be stressed again-, Assume the public good Gy

is produced using capital, labor, and consumption goods according to a CRTS Cobb-Douglas

production function. Assume also that the public good G; enters additively in the private utility

functions in the form agiLnGt. Now government acts empathetically taking into consideration the

e
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private utility derived from the public good. Then (61) can be interpreted as an utilitarian

- -

criterion of the form T;aqLnGy, or given the nature of the public good LnGtziag{. The last step to

-
.

recover (61) is to normalize Zagi=1

This problem is solved using control theory techniques, in particular, Pontryagrin's Maximum
Princip!e, to obtain the optimal demand functions. With 'the above specificétiph of the government

social welfare function the Hamiltonian becomes
. . -(1-
(63) Hy(lg,Lg.ygiLG.KqiQg.dkg =(1+3g) (M B{(agyinKgy+ag  Inkygp+Zjag;iny gy +
+(1+ag)'1qg,+1[(1+rt)LGt+Trt+zl~pjtygjt+(1+TLt)thLg,+p“|gt-TTt]

+(143g) Ty gy 1 [Igr+ (1-@ g K gyl}

The Hamiltonian function represents the sum of the utility at t derived/,fro/m contemporary
: /

conéumption of the public good plus the implicit utility value of liabilitiés transfered to next

period, plus the implicit discounted u’tiﬁty value of capital stock to be transfered to next period.
The dynamic shadow price associated. with the equation of motion for liabilities is (1+ag)"'qg, 1
This is to be interpreted as the marginal social utility of government liabilities at t. Also,

~i1+ag)'1qu, +1 s the dynamic shadow price associated with the equation of motion for capital at’

t. This is to be interpreted as the marginal social utility 6f government capital at t.

- The following are pecessary conditions for optimality at t:
i} equation of motion for the .state variabie LG for all z<t<T
ii) state tferminal conditions for LG

(65) LGZ=LG' (initial state condition)

(66) LGT,.1=0 (final state condition)

S e s e Gontbon a0
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for all z<t<T
(67) qgt=(1+ag)‘1(1+rt)qgt+1 ‘ L
iv) equation of motion for the state variable K for all z<t<T

v) aiaia_mminal;ngndmgnafor Kg

(69) K., =K (initial state condition)
gz="g |

(71) agkp=(1+3g)"1(1-@gpagkis1+agk(1/K gy

(72) agL(1/Lgt)=(1+ag)‘1q§‘+1\(1+rth)th
(73) agj(1/ygj=(1+3g) Tagr,1Pjy

(74 Agt+1 Plt=Akgt+1

- Closed form solutions to this problems are ot_atained in Appendix V. It is enough here to say
that government demand for labor and the different consumption goods depend on current own prices
- No cross price effect§ - and current interest rate, as well as on future interest rates, Tr's and
TT's via the shadow prices. In turn, investment dema_nd depends on current and next year's price of
the investment good - no cross price effects - and on current and next year's interest raté, as well
“as on fulure interest rates, Tr's and TT's via the shadow prices. Finally, demand for new funds

depends directly on all the current and future market prices.

vii) Hamiltonian variational conditions for control variables Lgt/ 'g:' Yigtr for all zstsf '

e ot S, . i A 1 R £, e
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2.6 l FINANCIA ISION

QOverview of the Literature

A dyhamic economic structure not only provides the ideal environment' to model many features
-of economic behavior, it aléo permits one to incorporat;e the financial si&e of the economy. If the
government is” allowed to run deficits, the question of deficit financing automatically follows. If
inveétment’ is optimally determined and returns to capitai are différent across sectors, problems of
ir;vestmenf financing arise. |If there are severa] financial assets in the economy - government
" bonds, private bonds, and equi{y (or simply physical capital installed in different sectors), the
problem of allocétion of saving among assets with potentially different returns arises.

The different CGE models for tax poiicy eval.uation vary greatly with respect to the extent of
theif\ attention to -the financial side of the economy. At one exireme are t/h"e‘/models in Ballard-
FuIl‘erton-Shoven-WhaHey (1985), . ‘Andersson (1987), Ballard (19183), Ballard-Goulder
(198v5), Bovenberg (1985, 1986), and Erlich-Girisburgh-Heyden (1;387), which are devoted
.exclusively to the real side of the ‘economy. In turn, Auerbach-Kotlikoff (1984, 1987),
Félt‘enstein (1984, 1986), and Goulder (1985) allow for 'govérn'ment debt. In these models saving
: 'f}nances changes in government debt and physical capital. Private and public assets are perceived
by the households as perfect substitutes. The allocation of savings merely adjusts to the relative
demands for funds. -

Feltenstein (1984, 1986) is the only model surveyed which introduces money. Government
. 'dfaficits are financed by issuing money and bonds according to an exogenously given rule. Money s
demanded by consumers for transaction motives and an exogenously given fraction as a store of
““value. On the other hand, govemmént bonds and physical capital are the vehicles for the
intertemporal transfer of wealth.

Summers (1985) and Goulder-Summers (1987) introduce firm specific equity capitalj

Different assets earn different rates of return. However, such rates are equal up to constant and
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exogenous sector specific risk premia. Therefore, the introduction of constant exogenous risk

premia, as helpful as it may be in the context of calibration, does not solve the main issue of the

non-optimality of the allocation of saving. Also, talking about risk premia in a deterministic '

. context is somewhat unsatisfactory.
The most édvahced contribution in the modeling of savirigs allocation in a CGE setting is found in
| Slemrod (1980, 1983) in the context of a static oné—periéd mod’el.. In.hjs model,_ consumérs act
according to a two-stage, sepérable décision prgcess'. They first decide on how much to save. Then
they decide on the allocation of saving according to an indirect utility function dependent on the
rates of return and variances offered by the different assets in the economy. The source of
riskiness in the economy comes from an uncertain marginal product of capital. On the other hand,
'aSide’ from portfolio decisions, the rest of the economy is insulated from uncertainty.

The most complete contribution in terms of the treatment of the corporate financial rules is

\ /
Fullerton-Gordon (19883). ' In a variant of the Ballard-Fullerton-Shoven-Whalley (1885) model,

- i

Fullerton and Gordon have capit'al intensity and obtimal financial decisions jointly determined
-through a two-stage process. The cost of financing capital is minimized by trading off the tax
" advantages of debt a»gainst the expected real bankruptcy costs inherent with high debt/equity ratios.

Given the optimal debt/equity ratio, the level of investment is chosen such that at the margin the

return on equity equals the return on bonds plus an exogenous risk premium.

‘EQDﬁQQELMQQﬂ

The DAGEM model considers a whole menu of financial assets, private and public bonds, and
firm-specific equity. In terms of equilibrium analysis, consumers typically supply funds and
production sector;, and government typically demands funds by issuing equity and private bonds and
public bonds, respebtively.

The current interest rate as well as the individual and market availability of funds-are

endogenously determined by the equilibrium conditions. On the other hand, individual asset




9 T e D T S T

32

.portfolio decisions are passive. Also, c;arporate fihgncial rules and retention.policies are eifher

exogenous to the model or follow exogenous (eaction'rules param;e;ric on the state of crucial
variables in the economy. ' - )

" The non-optin}ality of the allocation of saving and’ th.e absence or exc'ageneity of corporate

financial rules reflect the way uncertainty is treated in thg. model. . Uncertainty is solved by

endowing the agents with point expectations about future prices. ~5Under'such circumstances,

consumers either expect different rates of return (inclusive of risk premium) across assets, in

which case they will buy only one asset (that with highest rate), or they expect equal rates of

“return, in which case they are indifferent about the asset composition of their portfolio. There is |

no way of trading off rates of return and risks to obtain an optimal interior solution to the problem
of the allocation of saving. In the DAGEM all the assets are expected to yield the same after-tax rate

e
of rgturn (eventually corrected by exogenous risk premia), and therefore argf"perceived as perfect

substitutes. Also, the endogenous determination of dept/equity policy pa’rameters by trading off
“expected bankruptcy costs and the preferentialv tax treatment of bonds is difficult and problematic
_in the absence of unceriainty. : |
”Despite the shortcomings of the analysis, the consideration of different financial assets is very
fmportant. First, it allow consideration of exogenous debt/equity and dividend/retenvﬁon corporate
financing rules and therefore several sourceé of corporate investment financing: bonds, equity, and

retained earnings. Seccnd, it allows the model tc capture the fact that different assets are treated

, differently by the tax code both at the pgrsonal and corporate income levels.

Let us address now the financia! decisions of consumers. Wealth Wy, 4, representijg the total
amount of fundé made available by consumer group i to the rest of the economy, is to be invested.
There is a menu of assets in which savings an can be invested: pri\;ate bonds, eq'uiiy, and
government bonds. : , —

(75) FS1=8Big+X; ABigt+PietlEijret-Eil

mm b e,
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The 2J+3 financial assets are perceived by consumers as perfect subsfitutes, because all the

assets are expected to yield the same after-tax rate of return. Accordingly, the asset composition

of the portfolio is a matter of indifference for consumers. The only non-trivial financial decision is -

. the amount of funds made available by the group to the rést of the economy:

_The actual composition of the portfolic holdings is determined by the market equilibrium

conditions. Furthermore, the portfolio composition will be the same for éll, consumer groups. Each

group i will éwn. at t, a fraction of the market portfolio which corresponds to its share of the total
wealth owned by consumers at t. Accordingly, group i's, holdings at t of equity and private and

public debt are given by:
(76) Wi=2iBiji+Bigt+*ZjPjE1-1Eijt

(77) Biji=siBjy ~ S

(78) Bigr=sitBiqt

- i

(79).Zjpjet-1Eij=sit ZjPjEt-1Ejt

\

To sum up, financial allocation of savings is exogenous to consumers but endogenous to the
model. Also, the equilibrium conditions determine the equilibrium rate of return parametrically
on corporate and government financing rules. However, due to the nature of the tax code, different
“consumer groups will have different after tax rates of return on their portfolios.

Financing its real investment, production sector j is constrained in the following way for all

z<i<Te
(80) FDjt=(1~{TCjt)p“[|jt+Cj('jt)]+(1-cht)fwtajl-l'
(1-CGTj)Pjet-PjEt-11Ejt -REjr-Tejt? jtK jt

with terminal condition Fljr,4=0.
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This means that real investment activities and the payment of interest on outstanding debt at t

-

are financed ihrough retained earnings, REjl, and external funds, "::jt' which represent the*

increment in the ﬁnancial liabilities of the sector FLJ-t. Financial liabilities must be liquidated by

the end of the model horizon.

.
©

.Dividend-retention policies are exogenously given. Corporate dividend-retention policies are

represented by parameter gﬂjt’ the fraction of the after-tax gross profits generated at t which is

retained by industry j. The remainder, (1-@1—1“), represent§ the distributed pqrtion of after-tax

earnings. Total dividends at t, “’EHjt)“‘cht)njt' are distributed among the t-th period

shareholders. Notice that this criterion is consistent with the fact that the amount of capital in use
at.t by sector j is fixed so that gross profits reflect the existent capital sjock and should be
. T s

;
distributed among those who own it, the t-th period shareholders. 2

3

Corporate financing policies are éxogenously given. External funds totalling FDjt are obtained
by issuing additional equity and fixed priée bonds:
o D
. (81)F jt:ABjt+pEit(Ejt+1 -Ejt).
Issuance of new bonds and equity is governed by exogenous continuous corporate financing rules

represented in this model by parameter GEjt- Such policy rules can be described as follows:
(82) PEji(Ejts1-Ej)=DEjiFit
(83) ABjF““ant)th .
with end condiﬁons.
(84) PjEz1Ejz= P jEz1E | and DjeTEjT,1=0
(85)Bj,=B’j and By {=0. -

Perfect capital markets are assumed such that the price of equity at z PEjz is the present

g

rosin
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discounted value of the future expected stream of dividends per share Divejtli-;jtgl

-

(86) Pjez=Zlg<y(1+r5) TIDIVEYES), with z+1<I<T.

Even though the real and financial decisions of firms aré independently discussed, they are in a
general equilibrium sense, interdependent. In fact, financial decisions will affect the current
" market prices and rate of interest, and they will directly and indiréctly feedback into sector j's

real side decisions. Consider the impact of changes in the dividend-retention rule. . First, there is
a direct general equilibrium effect in the sense that changes in Enjt change the amount of external

funds to be demanded and therefore the equilibri'um prices. Second, there is an indirect general
equilibrium -effect, via the change in disposable income - change in dividend income - of the

" different consumer groups. Now consider the impact of changes in the corporate finance rule.
- First, even though there is no direct bontempo-raneous general equilib;ium effect, there will be
\ ) /

‘'subsequent effects induced by the changes in interest payments. Second, since the market interest

i
\

rate and the effective rate of return on equivtyv are different, a different debt/equily ratio affects
disposable income of consumers in subsequent periods.
N Government deficits and surpluses, which represent changes in government liabilities, are

accommodated by open market operations in the bond rnarket. These operations reflect the net

demand for new funds by government:

(87) LGP, 1-LG=4B=FP

gt=""gt
D D
(88) FPgi=riLG+[Try+Zipjyy gjt+(1+Tgu)thLDgt+p“IDgt]-TTt.

The two different methods of government financing spending, taxation, and bond financing have

different effects in the economy. This is a central issue in the model.
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2.7 ECONOMIC EQUILIBRIUM: TEMPORARY WALRASIAN EQUILIBRIUM AND TRANSITIONS

iew iter
Virtually all of the available CGE mecdels for tax policy evaluation are characterized by

Walrasian market clearing assumptions. Also, all markets are perfectly- competitive.  Atomistic

competition among agents is assumed even though only a finite number of agents are considered. -

Virtually, no market disequilibria or price stickiness are consijdered. A recent exception is
provided by Erlich-Ginsburgh-Heyden (1987). In their model 6{ the Belgium economy, the wage
" rate is fixed in the short run.  Therefore, in the short-run disequilibrium in the labor market

will generate endogenous unemployment. However, in the long run all prices including the wage

rate are flexible, and accordingly, all markets clear.

4

- .

Given the dynamic nature of behavior in the economy, market-clearing !p'rices in each period

’

depend on expectations of future prices'and\ on tax variables in tﬁe economy. There are essentially
two Qays of interpreting the econdmic 'equilibrium in such é dynamic context. If fumze prices are
perfectly anticipated (i.e. expectatioﬁs are self-fulfilling), a .perfect foresigﬁt equilibrium
pre\;ails. fhen, future actions are merely the implementation of current decisions fér future
';;eriods. However, if price expectations are not perfect (i.e. agents make mistakes with respect to
future prices), then a tempq;ary or short-run equilibrium prevails. Markets clear, and clearing
prices depend on future price expectations. Current plans for the future are typically not

. precisely implemented. They will be revised as more or better information becomes available to

. the economic agents.

The DAGEM Model
Atomistic competition in every market is assumed. Even though the number of agents on each
side of the market is finite, it is assumed that enough agents are involved to render their actions

negligible in terms of the overall equilibrium outcomes. The concept of Temporary Walrasian

e,
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Equilibrium is adopted to capture the incomplete and sec;uemial aspects of real world trading and
the limitations of foresight into the fpture which \;ve want to captute in this model.  All current
markets are assi.lmed to clear, hence the Walraéian nature of equilibrium. Also, equilibrium in the
short run is parametric on the expéctations of future prices held by the different agents as well as
future taxation 'parameters. hence the temporary nature of equilibrium. Actioné of the economic
| agents are based on expectations which may turn out to be inc‘orrect. i. e. price expectations are hét
self-fulfilling. = Therefore, theA intertemporal equilibrium path in this economy is conceived as a
* sequence of short-run, temporary equilibria parametric on future price éxpectations.

The link between adjacent short-run equilibria is provided by the optimal transitions rules
for the individual agents. In fact, given equilibrium prices, consumers decide not c_Jnly how much to
’pUrchése of the several commodities available in the ecénon{y, but also how much to save, which is’
tl{e change in the stock of privately bw‘ned wealth. The same s tru/g/at/)out producers and‘

R {/
government in terms of their decisions on the evolution of their capital stock and financial

1
A

liabilities.

An equilibrium solution for our economy is a sequence of price vectors p; and quantity vectors

.l}t defined over {1”T"t""'T} of the form py=(pqy,---.PypPLE:P11:fy) and qt=(y1t,...,yJ;;Lt;lt;F).
The vectors éatisfy the following conditions:

i) For each and every 1<z<T, and for i=1,..., given prices p,, consumer group i
hwaximizes the expected value of its intertemporal preferences subject to a recursive set of budget

constraints and, point expectations about future prices p'z={pz+1,...,pT};

i) For each and every 1<z<T, and for j=1,...J+1, given prices p,, industry j

(including the investment good sector) maximizes the expected present value of the net cash flows

subject to the equation of motion of capital stock, strictly convex adjustment costs, and point

expectations about future prices p'z={pz+1,...,p-|-};
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iiiy For each and every 1<z<T, given prices p,, the government maximizes the
expected value of its intertemporal social preferences subject to a recursive set of budget

constraints and point expectations about future prices p'z={Pz+1 senPTH
iv) For each and every 1<z<T, given prices p,, the J+3 markets in the economy clear
based on common expectations about future prices p'z, individual preferénce parameters ¥,

technology pararﬁeters, corporate financing rules ¥j' and on social welfare parameters and

. current and expected tax policy rules ¥g. The market clearing equations are:

(89) ySi(pzip zi¥)) -
ZsYDij(Pz?P'zﬁi)wD|j(pz:p"z:¥|)+yngz(pz;p'z:¥g)+21stgg%z(pz;p'z%f)
(90) Zijj(lep'z¢’;j)*LDg(stp'z;“l)*LDg(pzip'zi*g)=EiLSi(p£/;P'z?¥i)
(91) zj:TDj<pz;p'Z;¥j)+§TD.('pz;p'z;¥.>+ng(p;;p’z;¥g)=!3(pz;p'z;;¥|> \

(02)  ZFOi(p,ip 1) +FD (pyip i) +FD 4 (p1ip 1i¥g) - ZiFSi(pyip %)
) * This economy satisfiés Walras's Law for each and every z<T and for all current prices, i.e., the
value of market excess demand is zero. This economy is characterized by a system of J+3 equations
equating excess demands to zero in every market in J+3 unknown prices (J consumption goods,
investment good, labor, and the interest rate). However, using Walras's Law, only J+2 equations
" are linearly independent, and therefore only relative prices can be obtained. Some sort of price

~ normalization is necessary. In what follows, the prices are defined to be strictly positive and to

sum up to one, i.e. they are defined in the unit simplex.
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2.8 ECONOMIC EQUILIBRIUM: THE RULES OF FQ'RMATIQNQF EXPECTATIONS
verview of th

Virtually all the dynamic CGE models for tax 'policy évaluation édopt the concept of perfect

foresight equilibrium. An exception is Goulder (1985), who also assumes myopic expectations. In

_turn, Ballard-Goulder (1985) consider a flexible amount of foresight in terms of the numbgr of
years over which price move'ments are foreseen. |

| The model in this paper is flexible in a somewhat differer;t 'way in that it can include any range

of foresight from myopia to perfect foresight. AThe choiée betw~een the berfect foresight and

temporary equilibrium is ultimately to be made on philosophic grounds. It can be argued that less

) thaﬁ perfect expectations imply that agents are irrational in some way (see Auerbach-Kotlikoff

~

- (1987) p. 10?. Howevvef, the reverse afgument can be rhade: one can qufes‘tion whether agents are

vf'really rational and perfectly knowledgeable about future prices. /
Rece.nt' evidence of Ballard '(1‘587~), Ballérd-Goulder (1935), and Goulder (1985), confirmed
by this work, sﬁggests that the choice in modeling expectations is an important one. They show that
. the degrée of foresighi into the future (ranging from perfect fo}esight to myopic expectations) may
hgve dramatic impacts on the policy conclusions of the model. Accordingly, the best research
strategy may be to design models which are ﬂe.xible enough to allow for different rules regarding

~ the formation of expecté{tions.

in terms of implementation, the two conéepts of equilibrium - perfect foresight and temporary
equilibrium - have different implications. The dimensionality of the equilibrium solution
algorithm is involved. Suppose we have a model with ten markets to be run for a period of 50
years. Aside from normalization, a perfect foresight model implies computing prices in 500
dimensions. Due to the absenée of the requirement of interte’mporally consistent action plans, a

temporary equilibrium model requires solving 50 sequential equilibria, each in ten dimensions.

The link between adjacent periods is endogenously provided by the recursive transitions of the

ol

e
!
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~ stock variables in the economy, Given that computational speed often varies with the cube of the

-

number of dimensions, the temporary equilibrium formulation is potentially and strikingly more .

feasible. However, Ballard (1987) and Goulder-Ballard (1985) have developed techniques to

greally speed the computation of a perfect foresight equilibrium.

' The DAGEM Model

The information set at period t reflects what is known about the economy at t. It coﬁsists of all
the structural information of individual preferenckes and techn'ologies, and all the past equilibrium
“prices and quantities. Individua;l expectations at t, for all t+1...T, are based on information as
specified in thé information set. Price expectations are formed as Hicksian point expectations
écco,rding to rules to be specified below. In each simulation of the intertemporal model, the agents

. , ~
mai‘ntain an intertemporally. consistent rule of formation of point price expectations. Therefore,

thel'possibi!ity of the expectation formation, rules changing throughout time-is ruled out. However,
the price expectations are updated when new information’ ccmes into the information set. For

_example, the expectations of prices at t+h formulated at t and t+1 will, in general, be different.

Fin‘aily, in terms of the the information structure of the economy it is assumed that all the agents

'-have common price expectations. Therefore, the possibility of informational asymmetries across
agents is ruled out.
The‘rules of formation of expectation are intended to capture the limitations of foresight into
the future, and are therefore reasonably simple. In particular, the following three simplifying
: gssumptions are made on the expectational price process.

Assumption 2,1: Bounded rationality - Price expectations depend only on past realized prices,

" not other variables in IS;. This assumption can be interpreted as recognizing that information is
costly to acquire and process, thus not all the information in IS is used.

(93) pet+1=Pet(pt,Pt_1 - Pg) for all t.
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This is a crucial assum'ption. The closed deﬁniiion of the relevant information set excludes the
pgésibiliw of the agents knov;:ing, or at least using the knowledge'of the model of the economy, hence
the bounded rationality nature of the assumption. At a deeper level this assumption may be
construed as revealing the source of uncertainty in t_his eco;womy - if thé agents knew the model of

the economy they would be able to accurately foreécast future prices.

Assumption 2.2: Markov Assumption - The price process {p} is at most a second order Markov

process, i.e., only py, py.4 help to predict py, . Thus for all t:.

(94)  p%,1=P®y(P{Pt.1 s Po)=P%:(P1.Py.1) A :
Assumption 2.3: Stationarity - The parameters of the price process are time-invariant. For
" each simulation of the model to determine the equilibrium at each period, the agents will maintain

- expectations according to a stationary pfocess. Thus for all t: e
\- . . )
(95) Pet(pt,pt,1)=Pe(‘pt,pt,1) '

i
A

Several rules of formation of point price expectations satisfying the above assumptions will be

considered. Let current price (or interest rate) be p,. Agents will form expectaiions at z of prices

v

" h periods into the future, Zpez+h, (the first subscript will be dropped whenever it is not

ambiguous) under several alternative rules. These rules are as follows:

i) SIQLL\LEXQ&CEILO_QS. Current prices are expected ‘to prevail into the future. For all

(96)  P®;.h=Pz

-ii)y Extrapolative Expectations: Expectations about future prices reflect the expected
changes in prices in previous periods. Extrapolative expectations are obtained according to the

recursive rule for all h>0,

(97)  P®24n=P%24n-1+@(P®24h-1-PC24n-2)-
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Thus,

(98)  p®,,1=Pz+D(Pz-Pz.1)-

iii) Constant Rate of Growth: The expectations about future prices reflect the idea that

the rate of change in current prices is expected to pre'vail. Forecasts are given according to. the

recursive rule for all h>0, . o )

(99) P in=(PC24n-1/P%24h-2)P 2 4n1-

Thus,
(100) p®,,1=(P2/Pz.1)P2-
_This recursive rule can be solved forward to yield pezmz(pz/pez,ﬂhpz .

iv) Adaptative Expectations: Expectations of future prices refiect current prices and
//

. o /
previous expectations, so that some adjustment is made for expeciation errors and new information.

The irecursive rule is for all h>0, C
(101) pez+h=pez+h-1+®(pez+h—1'z-1pez+h-1)'

| (102)  -p®4,1=Pz+B(P;-7.1P%;).

v) Auto-Regressive Expectations of Order 2 - AR(2): Forecasts are given according to

the recursive rule for all h>Q,
(103)  p® h=bzyn+a1P®  n-1+22P%; h-2s

(104)  p®,,q=b,,1+ayp +app,. 1.

Notice that if we set b, =0 for all h, a;=1, and a,=0, (103)-(104) reduces to the static

“-expectations as in equation (96). Also, if b, =0 for all h, a{=1+0, and a,=-0, (103)-(104)

reduces to the extrapolative expectations in equations (97)-(98). In turn, if we set b, =0 for

all h, aq=(p;/P5.1). and a;=0, (103)-(104) reduces to constant rate of growth expectations in
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equations (99)-(100). Finally, if ‘we set b, =9 z.1pez+h-1~ 'a'1=1+®, and as=0,

P

(103)-(104) reduces to adaptative expectations in equétion‘s. (101)-(102). Therefore static

expectatiéns. extrapolative expectations, constant rate of growth expectations, and adaptative
* expectations are special cases of the AR(2) expecta‘tioh rule as in (103):(104) above.

.To calculate the short-run equilibrium resulting'from'-the diffetent'expectations rules above,

it is sufficient to replace in.the equilibrium expressions in section 2.7, the future price and

interest rates according to the expectation rules outlined above.

CHAPTER 3 - MODEL |MP£EMENTATIQN AND POLICY EVALUATION

;_This chapter deals with issues (elated to the implementation of thg dynamic general
'?quilibrium model - DAGEM - described in Chapter 2. The implement'at/ioh/ of this model involves;
the specification of a base case equigibrium, whichA is to be contras{éd with the revised case
équilibria resulting from different alternative policy scenarios. The link between the base case
' equilibrium and the revised case equilibria is provided by the concept of equalA yield - the size of

_'government is kept constant in a meaningful way. The ranking amcﬁg different equilibria is
provided by scalar welfare. indicétors defined as potential compensation tests.. This chapter is
organized as follows: Section 3.1 prcvides a complete description of the economy in terms of data
-on the stock variables and the behavioral parameter values; Section 3.2 generalizes of the concept
of equal yield in the presence of gqvernment deficits; Section 3.3 generalizes the compensation

. tests to a context of no future markets and expectations which are not self-fulfilling. Finally, the

details of the computer implementation are discussed in Section 3.4.
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3.1 BA ASE INTERTEMPOR ILIBRI

libr

CGé models are typically parameterized by the. use of a calibra.tion procedure. Some
‘parameters are exogenousl-y given. However, some crucial parameters are det'ermined in such a
way that the rﬁodel replicates the data for a given base year. See Mansur-Whalley (-1984) for an

extensive discussion of this issue. . |
Calibr'ation in a dynamic context is often in;erpreted as requiring two consistency properties.
: #irst. as a static property replicat;on of a base year data is required. Second, as an intertemporal
reqpifement the .mode! is parameterized to simulate a balanced growth path when the base policy is
m‘aintained. This is the approach foliowed by Ballard (1983), Ballard-Goulder (1985), Goulder -

- //
(1985), and Goulder-Summers (1987). The two-requirement calibration‘,r’étrategy follows the

praétice of Bauard-Fullerton-Shovenl-Wha\I!ey (1985). It is very much in the spirit of the
traditional design of the comparison of alternative équilibr‘la: qomparisc;n between a-steady-state
.be_lse case on.one hand, and alternative péths including a transition period and a final steady-state on
the Gther hand.
— There are several potential problems this two-requirement calibration in the context of
dynamic models. The assumlption of a steady-state growth path in the base case can be questioned.
First, while steady-state is a possibility, it certainly is not the only meaningful solution to
- dynamic models. Even in the case of a perfect foresight equilibrium, the model implies an
. “equilibrium path which may or may not involve balanced growth. The model, not the modeler,
should dictate the nature of the base case path. Second, in the context of a temporary equilibrium
path, a steady-state solution is not a likely model outcome. In fact, unless expectations are static,
short-run behavior consistent with a steady-state evolution will, in general, not be generated; On

the other hand, if static expectations are self-fulfilling we have in fact a perfect foresight model.

Third, even the base year replication requirement may cause problems in the context of temporary
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équilibrium. Any calibration parameter would b.e conditional on expectation rules, which is
probably an undesirable feature.

The arguments in favor of assuming a base case steady-state are based on the idea that the
impact of policy changes can be observed most easily since all departures from the steady-state can
be attributed to the alterf\ative policy. On the other haind, the base case so defined aé a.steady-state
is consistent with} previous work in a "less dynamic" setting and therefore allows a common
stabndard for comparing model result.;;. At any rate, it seems fair to say that a balanced growth
requirement is not necessary and may even be éounterproductive, and th;a static requirement while
desirable is not necessary either.

The alternative approach of qualitative calibration has been used by authors like

. Auerbach-Kotlikoff (1983, 1984, 1987) and Bovenberg (1984, 1985, 1986). The structural

parameters are exogenously chosen so that the economy follows a reasonab,le’path into the future.
A /

/!

The strategy of qualitative calibration is also adopted in this p’ai)‘er.m’ ' First, qualitative

Al

calibration- is ideal to exploit the recursive nature of the DAGEM. It minimizes the amount of

information necessary to run the model. In fact, aside from the structural parameters, only initial

stock values are needed. Given initial conditions on the stocks of private wealth, capital, and

government -debt, agents optimize thereby generating a set of net demands and short-run
ecuilibrium conditions. In turn, short-run equilibrium prices determine the evolution‘of the stock
var‘iables into the nextlperiod. Second, it allows comparisons'of different, not necessarily
steady-state, equilibrium paths. As argued ébove, the model not the modeler should dictate the

nature of the base case and revised case paths.

i er ifi
The current data set and the parameter specification of the DAGEM is essentially consistent
with the 1973 data set and parameter specification of the recent version of Shoven-Whalley's

GEMTAP model as reported in Ballard-Fullerton-Shoven-Whalley (1985). The data set and

PR
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i parameter specification was enlérged to cover aspects n;)t considered in the éEMTAP. See Tables
1-3 for a detailed description of the data set énd parameter specifica‘tion in-the DAGEM.

The implementation of the model in this paper requires the specification of a data set which
consists of -the initial values of the stock variables in.the economy. The capital stocks for the
different industries in.the model are obtained froni Ballard-FuIlerton-Shoven-Whalley (1985) by
applying an average after-tax ‘rat_e of return to capital income. Industry specific debt and equity.
are obtained by applying the debt/capital ratios reported in 'Fullerton-Gordon (1953) to the
capital stocks figures. The- figure for goverhment capital stock is based on the work of
Boskin-Robinson-Roberts (19863 translated into 1973 numbers. = Public deb; is specified to
reflect its current importance in the economy. The 1983 values of dgbt per capita and the
brc;pértion of debt to GNP are applied to the 1973 figures as reported in @allard-FuHerton-
Sh'o:/en-WhaIIey (1985). Since the formulation of the model assumes the /eifstence of a market
fi-na'r;cial portfolio with individuals alloc_ating savings by buying'shares of It'he market portfolio, it
is enough to determine the compositién of ownership of global wealth in the economy by income
élass. This data is obtained from the Office of Tax Planning as reported in Galper-Lucke-Toder
(1.‘986). The number of households in each income cléss is a;: reported in Ballard-Fullerton-
Shoven-Whalley (1985).

Running the model requires the specification of functional forms and parameter selection. For
tractability, linear homogenéous Cobb-Douglas functional forms are chosen for all the utility and
_ production functions in the current implementation of the model. Individual preference,
- government, and technology share parameter values, and the input/output structure are obtained
from Ballard-Fullerton-Shoven-Whalley (1985) and correspond to 1973 values. Quadratic
--- adjustment cost functions are postulated. The value of the adjustment cost parameters is consistent
with the values reported in Summers (1981) and Goulder-Summers (1987). Finally, the private
capital depreciation rates are from Fullerton-Gordon (1983), and public capital depreciation rate

are from Boskin-Robinson-Roberts (1986).
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Corporate financial rules are constant industry specific deb¥equity ratios obtained from
Fullerton-Gordon (1983) and the constant i'ndust'ry specific retention/dividend ratios are obtained
from the Survey of Current Business (1983). |

‘Tax parameters under the previous tax regime reflect sector specific labor taxes, corporate tax
rates, investment tax-credits, and capital depreciation rates for tax purposes' as reported by
Fullerton-Gordon (1983). Marginal personal income ta;(es are those in Ballard-Fullerton-

‘Shoven-Whalley (1985), and capital gains taxes are set at 5% as in Goulder-Summers (1987).

3.2 BEVISED CASE INTERTEMPORAL EQUILIBRIUM

The link between the base case equilibrium and the revised case equilibrium obtained from

different policy changes is provided b} the concept of equal yield, goverfiment generated public

- utility is kept constant. The first subsection generalizes the concept of equal yield to a context in

i
A

‘which theAg;)vernment is allowed to run deficits. The second subsection specifies government dual
behavior according to the minimization of the discretionéry expenditure necessary to finance a
. given p:;th of interterﬁporal public utility. Finally, the third subsection describes the differen;
methods of tax replacement used to make up for changes in government tax revenues induced by the

policy changes under the different equal yield scenarios.

Equal Yield Alternatives and Government Defigits

The policy evaluation of tax changes is basgd on comparisons between a base case equilibrium
which represents the status quo and a series of revised case equilibria which reflect the tax policy
changes under discussion. The link between a base case and counterfactual simulations is usually
provided by the concept of equal yield: to be comparable, base and revised equilibrium cases should
be such that the size .of government is kept constant in a meaningful way. -

Shoven-Whalley (1977) provide a detailed discussion of the concept of equal yield in a general

e

e
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equilibrium context. When government is confined to taxaticn and discretioi\ary transfers, equal

yield is interpreted to mean equal tax revenues. On the other hand, when government activities |

include purchases of private goods in addition to taxation and discretionary transfers, equal yield is

interpre{ed to mean constant public utility. In this case, government base case utility is

-maintained in the counterfactual experiments.

In this paper equal yield is also assumed to mean equal government public utility in both the

base and revised case equilibria. The intertemporal sequence of government cumulative utility

F b....,F b} is retrieved from the base case. For the revised case, government purchases of
gt gl !

commodities will be such that at revised equilibrium prices, the base case sequence of utilities is

attained at minimum cost. Thus government behavior is corisistent with compénsated demand

functions for base case utility levels.}1/ P

/

. BN 7/
-‘Running a revised case requires changes in the equilibrium concitions and the optimal
transitions for the stock variables.. ~ First, the equilibrium conditions include government

compensated demand functions as in the next subsection and Appéndix VI, rather than the ordinary

*demand functions as in Section 2.5 and Appendix IV. Seccnd, the government expenditure function

4

[n its budget constraints also reflects the compensated demands. Accordingly, the revised case

transition for government liabilities can be written as

(105) TTy(IT)+AB,= ’bLtLgt(thb)+2jpjtygjt(Fgtb)+p|tlgt(thb)+rtht+Trt

In Shoven-Whalley (1977), government is subject to a balanced budget constraint.  With

_balanced budgets, the concept of equal yield is unambiguous. The new equilibrium prices and the

balanced budget condition will determine the minimal expenditure and taxes needed to maintain base

_ case public utility. Revised case tax revenues just match revised case minimum expenditures.

Accordingly, in general, equal yield is inconsistent with equal nominal tax revenue. Some change in
tax revenue is necessary. Different tax replacement schemes are considered to assure that enough

tax revenue is collected.

e 43 1o st e+ i o Sl |+ ¢ < R AR i s =
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In the DAGEM, because government is allowed to run deﬁcits, the concept of equal yield tax

replacement needs to be refined. If tax revenues are kept equal to new expenditures, the

government supply of bonds is changed which introduces marginal financial crowding-out effects. '

_Also. by keeping either revenues or debt constant, there is still one degree-of-freedom since
aﬁditional expehdimres plus discretionary transfers and interest payment on debt, may be financed
‘via tax revenues, bond issuance, or both. Consequen}iy there are se;lera'l possible equal yield ways
of computing ‘a replacement téx rate in the revi;ed c’ase. The optimal level of expenditure for base
case public utiiity can now be tax financed, bond financed or financed by a mix of bonds and taxation.
Some measure of financial crowding-out effects of government deficits can be inferred from the
comparison of the several equal vield alternatives.

The following three cases are considered.

1) tax financed policy change s
. . 7/
\

In this alternative, equal yield is defined as the same utility levels and same deficits. The size

of the defiqité is kept as in the base 'caé;e. A tax rate is 'endogenously changed such that tax revenues

~

-make up for the expenditure net of deficit financing. Formally, this adds to the model the following

- constraints:

(106) ABg;'=ABqP or ByP=Bf

(107) TTt(m+Aagb=p,_t1_gt(r-‘gtb)+szjtygjt(thb)+p,ttg,(thb)n’,agtbnrt.
2) bond financed policy change
This equal yield alternative implies the same government utility and same tax revenues. It
should be emphasized that unlike Shoven-Whalley (1977) equal yield is now consistgnt with equal
tax revenue‘. Tax‘ revenues are kept constant at base case levels. For different equilibrium prices,
the same tax revenue implies endogenous changes in tax rates. Adjustment to 'deficits, and
therefore bond issuance, makes up the difference between tax revenue net of transfers, ihterest

payment on the debt, and the minimizing expenditure to achieve base case utilities. Formally, this

P i e ¢ gy o 0 <3 A e - S St S
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adds to the model the following constraints:

.-

(108) ABg=pLtLgt(thb)+ijjtygjt(thb)+p|tlgt(thb)+rtBgta-Trt—TTtb
(109) TTP= TTS(T).

3) b Qc‘- [ !-l {- -
’This equal yield aternative implies the same governmént uiility and the same bond-tax revenue

financing mix as in the base case. Formally:

(110) aBgy" = [TT{P/aBGPI T T (IT)

(111) {_1+{TTtb/ABgtb}'1{TT{(;T)=

thLgt(thb)+ijnygjt(thb)+p“lgt(thb)+rtht+Trt.
Tfle comparison among these equal yield schemes is central to tax policy evaluation in the
. N /
presence of government deficits. The three schemes differ in the marginal,financiai crowding out
they generate. Tax financed change Bloéks }narginal financial crowding out ‘by keeping debt at base
case levels. Bond ﬁhanced equal yie!d_maximize marginal financial érowding-out effects\ by keeping

basq case tax revenues constant and by allowing deficits to make ub the necessary adjustments. Case

3. réflects an intermediate situation.

Minimization of Government Discretionary Exp_engimfg

As aiscussed above, the concept of equal yield alternatives supposes that government in the
’ revised cases maintains the same level of social utility as in the base case. Government acts as to
* minimize the discretionary expenditure necessary to finance a given path of intertemporal public
. utility.

Public utility at every t is given by a loglinear Cobb-Douglas function such that social felicity

at z can be written as

(112) Fzg.—:zzsts-rﬁ-z-ag)‘(t‘z)[}:jagjLn(ygjt)+agLLn(Lg.‘)+agKLn(th)]
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The dual optimization problem for government can be written as:

(113) Min zzsts'rmzssst(’+'s)'.11[5ljpjtygjt+(‘*TgLQPLt'—gt*P|t'gt'TTt+T't+'tLG.ggl
subject to: -
i) non-negativity constraints on controls for all z<t<T
(114) y;20 for all 1<j<d, Lj120 .
ii) equation of motion for the state variable capital stock for all z<t<T
iy end constraints on the capital stock ' - .
(116) ng=K'g
iv) equation_of motion of state variable public felicity for all zst<T
. . ’ _1 /,/
(117) th=ZjagjLn(ygjt)+agLLn(Lgt)-x-agKLn(th)-»(‘l+ag) th,ﬂ
v) end conditions for sacial felicity
(118) ng=F'g , - .
(119)  Fgr4q=0
The Hamiltonian associated to this problem is for all z<I<T
(120) Ht(Lg,yg,Ig;Fg,Kg;qg.qu)=[ﬂzssst(1+rs)’11.

(14714 1) T agy, 1 (1439 F gp-(1+3g)[EjagiLnlygjp) +ag L Ln(Lgp +agk Ln(Kg)1l+

H(1+r ) Tagretllgr+(1-0g) K gyl
According to the Maximum Principle, the necessary conditions for optimality at t are:
i) equation of motion for the state variable felicity for all z<t<T-1

(121) Fgruq=(143g)Fgp-(143g)[ZjagiLnlygj)+ag Ln(Lgp)+agxLn(K gy)]

et SN
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i) Iglmnuﬂd_cgnsimgns i
(122) Fg,=F;
(123) Fgr,q=0

iii) adjoint- equation for the marginal cost of utility for all z<t<T

»

(124) qq=(143g)(1+ry, 1) Tagy,q
iv)_equation of motion for capital for all z<t<T
(125) th+1""'gt+“'ggt)th
v) ital K_initial it

. (126) Kg,=K

g g

vi) adjoint equation for the marginal cost of capital for ali z<t<T P -
. ) /

\ ‘_ Vi
..(127) qut=(1”t+1) 1[qgkt+1,(1’ggt)'qgt+1(“ag)agK(”th)}
vii) jj_amjﬂgnj_an_mﬂaﬂgﬂl_aj_gg_n_dmgn}for control va;iables for all z<t<T
(128)  (1+3g)(1+11, 1) Ag,12gj/Yjg1=Pjt
S (129)  (1+3g) (141, 1) Tagy, 1agj/lgr=(1+Tg P 4

(130) Plt+(1+’t+1)'1qgkt+1=°

Closed form solutions afé derived in Appendix VI. It suffices to say here that whenever revised
case equilibria are to be computed, the government compensated demand functions should replace
the government primal demand functions used in the computation of base case equilibria as

“discussed in Chapter 2.6 and described in Appendix V.

- Tax Replacement Schemes
The equal yield alternatives discussed above involve endogenous replacement changes in the tax

rates. Different tax replacement schemes are considered to assure that enough tax revenue is
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collected. Tax replacements involve changes in the personal income tax rates. The perscnal income

tax collected from individual i at time t is-in the revised case: -

(131) by +[a ITj+b](Taxable Income)+LSTy

where a is a multiplicative change factor, b is an additive change factor, and LST;; is a lump sum

- tax levied on individual i at time t. This lump-sum tax corresponds to a fraction of the total
' 'endogenous tax revenue change equal to the i-th household share in tétal wealth.
The three replacement schemes are obtained as follows: |
1) multiplicative replacement - set b=LST=0 a}wd let a be endogeqously determined; '
2) _additive replacement - set a=1, LST=0, and let b be endogenously determined:;

3) lump sum replacement - set a=1, b=0, and let LST;; be endogenously determined.

’ . In general, not all possible replacemients schemes are feasible. The tay base that provides the

‘additional rev'enues to métch the tax revenues foregone by the policy chané/es has got to be important
'enough to generate the necessary‘ rev“enues.‘ " Otherwise, counterfactual equilibrium may fail to
exist (see Shovén-Whal!ey (1977) on this issue). M )
The three replacement schemes suggested here seem plausible on a priori grounds. Using the
' personal income tax as the base for the tax replacement in the context of corporate tax integration
is ;:onceptually appropriate in the light of theﬁ concept of "double taxation.” Also, personal income
tax as the base for the tax replacement in the coniext of corporate tax integration seems to
minimize the likelihood of non-existence in that corporate tax revenues were about 8% of total tax
revenues in‘ 1985, while personal income tax revenues accounted for 46%.

3.3 POLICY EVALUATION INDICATORS

This section deals with the question of how to perform policy evaluations in the context of the

DAGEM model. In the first subsection, the use of compensation tests is discussed. In the second
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‘subsection. the concept of compensation test is generalized in a context of no future markets and of
non-self-fulfilling expectations. Finally, the third subsection derives the policy evaluation

indicators in the specific context of the DAGEM model.

On the Use of Compensation Tests

The ultimate goal of CGE analysis is to rank different policy alternatives according to some
criterion r-ef!ecting"desirability for society. There are several ways of associating a scalar welfare
measure to the array of information which defineé’,‘ar’\ economic equilibrium. The most general way
" is to follow an axiomatic apbroaéh. Several ethically desirable postulates on the space of social
states would be established and a social welfare function over the domain of individual utilities
deri-véd accordingly. There are serious difficulties with such an approach. first, a general
"impcgssibility theorem" for social welfare functions rules out the existence of/sifch functions under
a reasonable set_of axioms (sce Arrow (1}9633\)). Second, even if we assume,eﬁ'ough to guarantee the
existence of a social welfare functioﬁ, the specific functional form inevitably represents highly

subjective values which will have an undue influence on the welfare conclusions to be drawn.

_An alternative approach is to measure the actual benefits of policy changes by a Pareto

shperiority criterion. The most immediate drawback of this criterion is that it does not provide a -

complete ranking of the diffe_rent social states of the economy. However, this problem can be
overcome‘by the use of a ‘potentiai benefit criteria, first suggested by Kaldor (1939). These
_ criteria are based on the ability of winners to compensate the losers and still benefit from a certain
~-policy change, even if such compensation does not actually take place.

Compensation tests in the form of aggregated Hicksian Equivalent Variations and éggregated
--Hicksian Compensated Variations (see Hicks 1940) are the most prevalent criteria to -measure
efficiency gains or losses in the CGE literature. The Compensated Variation (CV) measures at
revised case prices the maxim{im amount of money the consumer is willing to pay or requires to

receive to return to his base case utility. Positive CV's are to be interpreted as representing
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welfare gains. The Equivalent Variation (EV) measures at base case prices the maximum amount of
mor;ey the consumer is willi’ng to receivé or pay to attain the revised case utility level. Pos‘itive
EV's are to be interpreted as representing welfare gains. These individual compensation EV's and
CV's are constructed by using optimal cost functions. There.fore they are "objective" money metric
indicators. Aggregation of compensation indicators across$ individuals does_not pose any particular
'problem. |

For empirical use, the co.ncept o‘f CVis userf'ul to compare ‘the status quo to one alternative
policy. However, since the reference prices change with the éltémative experiment, CV cannot be

meaningfully used in multiple comparisons. That |s exactly the compafative advantage of EV which

always uses the status quo prices as reference.

\ ’ /
~ The construction of compensation indicators from individual optimal cost functions in an

1
A

intertempohrail framework deserves ‘some attention. Consideﬁr a consumer in an intertemporal
framework. In general, the optim‘al intertemporal cost function associated with_a certain path of
" utility dep;ends on all présent and future prices. If all future markets are open, or if future prices
’are_ perfectly anticipated - the case discussed by Pollak (1975) - th‘ereV are no problems with the
interpretation and use of the intertemporal cost function and "a fortiori" with the computation of
intertemporal EV and C\’f‘ indicators.  Also, in a CGE context, when comparisons are confined to
steady-state and/or perfect foresight is assumed that correct future prices are known and there are
no difficulties associated with the use of the standard Hicksian indicators.

When some future markets are not open and/or future prices and interest rates are not
perfectly anticipated, the concept of intertemporal cost function and associated policy evaluation
indicators needs some refinements. Denton (1982) develops the notion of anticipated cost function
to reflect expected long-run cost of utility. He also develops the idea of annuity costs associated

with a constant flow of utility.

[P UU
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I'=rom the standpoint of meaningful empirical applications Denton's indicators are less than
ideal. The true compensation indices must be based on ex-post, one-périod, optimal cost function
parametric on future price expectations, and not on an ex-ante ér;ticipated cost function which is,
in generél, not self-fulfilling. Also, the true intertemporal compensation indices must be t;ased on
a consistent sequence of'one-period, ex-post, optimal cost functions associated with a certain
utility path. This will, in general, involve non-constant utility annuities. The basic concepts used
in th‘is subsection to build the true compensation indices are: .anticipateq cost function, and

short-run and long-run realized cost functions. Let us be more formal.

Consider a ‘sequential economy like in DAGEM, starting at z, lasting T periods, and e\/blving’

according to a temporary Walrasian structure. Consider also two different (T-z)-dimensional

~equilibrium trajectories for an economy associated with different policy specifications: a base case

/s

-

equilibrium with prices {...',p'tb....} and associated price expectations {...,ptf?b,...}; and a revised
case equilibrium with prices {...,pft...'.}"an'd associated price expectatiohs {-...p{®"...}. In both

~

base and revised cases, the sequence of primal problems for the household induces a one-period

ut‘ility sequence {U’Z,...,U*t,...,U'T}. This ulility sequence generates a decreasing sequence of

felicity {F g}={F ;(.)sesF {( Pz:Pz41s--PTiW )oeeesF ()} through a recursive dynamic

programming algorithm, F’,=u't+(1+ai)'1r='t+1. From the perspective of dual househoid‘

’behavior, there is a sequence of one-period cost functions {SRC*Z(F'Z)...., SRC't(F't)
.'-—-{ijthdjt,...,SRC'T(F'T)}, where H's is the one-period Hicksian demand functions, consistent
with the primal" felicity sequence. In turn, the one-period cost functions géneratés a sequence of
“cumulative future costs {C'Z(F'z)....,c't(pz,ph1,...,pT;F'Z), ....C'T(F'T)} through a recursive

dynamic programming algorithm C'I=SF\CFt+(1+rt)'1C*t+1. Now, we want to compare from the

point of view of the i-th household the two equilibrium sequences both in the short run and in the

-t
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long run.
if the i-th consumer correctly anticipates all future prices in both the base and revised cases,

then all the plans into the future will be implemented without the need for revisions. In such a
case, F'z(.) is the actual intertemporal optimal felicity function at z. . In turn, C'z(.) is the actual

intertemporal optimal cost function at z. The construction of intertemporal compensation tests is,

in this context, a straightforward generalization of the static case.

However, If at z the i-th consumer cannot perfectly anticipate future prices, then p,, q,....pT

are to be interpreted as price expectations, p"3Z ”,...,pe-r and not as actual prices. Furthermore,

since expectations are not fulfilled, intertemporal primal and dual plans will be revised according

“to a séquence of optimization problems. At each z only current plans parametric on the expectation-

of future prices are actually implemente'd. Also, only current utility U'z,and associated current

R . /

optimal cost_SRC'z are actually realized. Accordingly, the optimal functions F'z(.) and C'Z(.) are
to be interpreted as the long-run anticipated bptimai felicity function and long-run anticipated
optimal cost functions. at z, respectively. Since C'z(.) reflecté current costs and future

' anticipated costs of obtaining a certain expected utility path level, as opposed to actual costs of'

financing an actual ulility path, it should be rewritten as ,Cez(.):

(132) C®4(p2p®z4 1, POTiF z)=zipiZHd}Z"'Zz+1stsTHszsst““s)J[szthedjt}

Now, (132) may be used to generate indicators of the Jong-run effects anticipated at z of a

certain policy change.
i) anticipated long run EV at z
(133) EV®,=C®,(p®,.p®P, {.....pePT;FD,)-C8,,(pP,.pe0, , 1.....p801:F",)
il) anticipated long run CV at z

(134) EV®,=C®,(p,.p% 1,4 '~"'perT;sz)'Ceiz(prz'Perzn'-"'perT;rz)'
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'|nasmuch as consumers do not anticipate correctly future prices, the anticipated indicators are

of no help to evaluate either the actual short-run effects at z or the aétual long-run effects of the .
alternative policies. The relevant concept for short-run p‘oli‘cy evaluation is the realized
s_n_o_n_mn_gm_mnmjg_n at z, which gives current realized costs at z as‘a function of curr?nt prices

-as well as future price expéctations and a given level of felicity:
(135) SRCz(pzapez+1 .-.-.PeTiF z)=ZJp]sz]z()
The following are the associated short-run evaluation indicators:

iv) realized short-run EV at z

(136) SREV,=SRC,(p®;,p®0;, 1....pe07iF0,)-SRC,(pP,.pE0, ... 0 F ")
v) i short-run” CV

-

(137) SRCV,=SRC,(p',.p%",, 1 ,.‘.,befT;sz)-sRoiz(pf,_.pe'“17,...,p€.f§;:=fz')
A / '

Let us now focus on the long-runr  eyaluation indicators. The problém with obtaining such
!ongb-run indicators is to get a meaningful sequence of short-run indicators which are_ comparable
\and consistent for aggreggtion. We néed first to construct a meaningful sequence of short-run

optimal cost functions associated with an actual utility path, so that at each 1 the one-period costs

-;eflect current utility and are consistent with future observed felicity.

The true mmngmgmngj_al,m_mmﬁgn over the period z to T, C'z. corresponding to
certain temporary equilibrium prices, future price expectations, and a given felicity sequence, is

" the present discounted value of the sequence of realized short-run cost functions:
(138) C ‘z(pzﬂpz+1!-'-va;{F t})=
h) [H (1 r )‘1 Y. 'Hd'( e e 'Ft')
z<t<TH zeg<t(1+7g)  HEPHH T (PP  te g0 PTTF )]

where r; and p; are actual market prices and interest rates at t, and pet +h'S are expected values at

t of prices at t+h.
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To obtain the intertemporal evaluation indicators, we just have to use the long-run optimal

cos't function as described ab;ave.

vii) Intertemporal EV at z

(139) LR EVz(pbz.pbz+1 ,...,pr;{Fbt},(F't})r._
c'z<p5z.pbz+,1....,pr:{Fbt})-c"z(ébz,pbzvﬂ....,pr;{F'm;-

Sr<teTzcs<1(1+10) TIISREVy (PP 08P, 4 v---vPebT?Fbt'Frt)]

viii) Intertemporal CV at z |

(140) LRCV,(P' 5P 5100 T FOH{FT)=
‘C'z(prz'przﬂ eeeP T HFON)-C 7 (P 2P s g P T Ty =

2 <t Mo<s<t(1+176) THSRCV (P P8y, 4 ...,,pe’T:Fbt.if:,)i

/
\ ) /

1

As discusséd above, the construction of compensation tests requires individual short-run and
Jlong-run 'optimal cost functions. At z the ‘dual problem for each consumer group i, the
" minimization of intertemporal net costs subject to a sequence of future felicity can be written as

. ) -1 V
(141) Mingy 113 71Tl 205t (1+7g) H{E (T + TPy i (1-Tip -
subject to:
i) non-negativity constraints on controls for all z<i<T
(142) y;20 for all 15jsd, 0sLysL’;
ii) equation of motion for state variable felicity for all z<i<T

(143) Ft=2jaijLn(yijt)+(‘.—Zja”)Ln(L'i-Lit)+(1+ai)‘1Ft+1 -
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iii) state end conditions
(144) Fy=F

(145) Fr,4=0

~The Hamiltonian a;sociated to our problem is for z<t<T .
(146)  Hy(Liy i Wia) =TTzcect(1+7g) {Z{(1+Tj0Rjy e (1-Tia)
(PLiL i+ [(1-Zje e+ e jy(Divyy Ej W gl-bjp-Trygh +
(1ery, 1) T ag, 1 [61+3) Fy-(1 +ai)[§;j'aijLn(yij't)-c1-z.jaij)l_n(['i-l_n)n

The necessary conditions for optimality at z derived from the Maximum Principle are:

i) equation of motion for the state variable felicity for all z<t<T
‘5147) Ft+1=(1+ai)r-tt-(1+a;)[>:jaij|_n(yijt)+(1;zjaij)Ln(L'i-Ln)f}’/
ii) state end conditions - | |
(148) Fi=F"; - o i :
(149) Fi7,1=0
iii) adjoint equation for the gg-sxajg.ya[iablg marginal cost of utility for all zst<T
(150) Qip=(1+3) (141, 1) Q4 1
iv) Hamiltonian variational conditions for control variables for all z<st<T

(151) (1+ai)(1+rt+1)'1q“+1aij/yjit=(1+Tjt)pjt

(152) (1+3) (147, 9) T Qjppqaj/(L i Lig=-(1-Ti)py 4
This problem is solved in Appendix VIil. It suffices to report here the optimal short-run cost

function at z reflecting contemporaneous expenditure in consumption goods and leisure.

(153) SRCF,(py.p®y41.-POTiF 2)= expl{ F i -Tpqqer(1+3) (12, -

k'
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[ZjaijLn[aij/H +Tjt)pjt}+(1 -Zjaij)'Ln[U -Zjaij)/(‘l -Tiopgl +

Lnl(1+3) ("D, 4 g g gq(1+r VT cper (1430 (20

The intertemporal minimization problem is to be repeated each period to allow for revisions

of optimal plans due to unfulfilled expectations. Then, the sequence of optimization problems

'induces a sequence of actual short-run cost functions {SRCF;;,SRCF;;_ 1.-..,SRCF;7} and cumulative
intertemporal cost realizations {C'isz.iz +1'-“»C‘iT } consistent with the actual felicity sequence

{Fi,.Fiy. 4....FiT).  The aggregate short-run and long-run compensation indicators are reported
iz iz+1 iT !

in Appendix VIII.
3.4 COMPUTATION TECHNIQUES . -

.
. . _ .
. : N

The development of dynamic models - in particular with adjustment costs* and/or perfect

. foresight - has corresponded with the decline in the use of fixed poi'nt aigorithms. In fact, given

A

- the relative large dimensions inevitably involved, such algorithms tend to be very inefficient at the '

best and often prohibitively slow. See Stone (1985) and Preckel (1985) for a comparative |

assessment of different computation techniques. Among the recen.t dynamic general equilibrium
models for tax policy evaluation, only Ballard-Fullerton-Shoven-Whalley (1985) and Feltenstein
(1985) use Merrill's variant of the fixed point algorithm technique (see Merrill (1972)).
Auerbach-Kotlikoff (1983, 1984, 1987) follow a three-stage procedure. They first compute
a base casé steady-state, then a revised case steady-state, and finally a transition path for the
economy between these two steady-states. In all stages, a Gauss-Seidel iterative procedure is used.
Ballard (1982), Ballard-Goulder (1985), Goulder (1985), and Goulder-Summers (1987)

use a method developed by Ballard and Goulder which is similar in many aspects to the Fair-Taylor
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. (1983)_ algorithm. Short-run equilibria are calculated (using Merrill's algorithm)

-

parametrically on price expectations. The model is then iterated 10 generate self-fulfilling -

intertemporal expectations and the corresponding perfect foresight eqhili_brium. In a relatively
similar apbroach, Andersson (1987) uses a simulation program, SI.MNON, developed at the
University of Lund. This program can handle twé-pc;iﬁt bour;dary probiems in a fashion consistent
with the multiple shooting algorithm (see Lipton-Poterba‘Sachs-Sumrﬁers (1982)).

Bovenberg's computational approach (1985, 1986) differs from other models in that he relies

heavily on analytical techniques. Computations are done by using a dynamic version of Johanson's |

* linearization method. Being essentially determined by the continuous-time nature of the model,

this linearization model has the disadvantage of confining the analysis to infinitesimal changes

-~
y .

s

Erlich-Ginsburgh-Heyden (1987) follow a unique approach in that they,use a variant of the

around the base case equilibrium (see Bovenberg (1985) p. 53).
optimization technique introduced by Negishi (1960). The economic equilibrium can be generated
as a solution of a mathematical program, the objectivé function of which is a weighted sum of the

_utility functions of the various agents, while the constraints set consists of the market clearing

conaitions. - Ginsburgh-Heyden (1985) have extended Negishi's result to the case of déwnward

';;rice rigidities.

Finally, the paper by Jgrgenson—Yun (1984) is also unique in that it is, among the recent
dynamic general equilibrium models for tax policy evaluation, the only econometrically estimated
- model. Different blocks for the consumption and production side of the model are separately
“estimated to provide the necessary structural paranﬁeters. -

The diversity of computation techniques is yet another indicator of the exploratory nature of

the dynamic CGE modeling for tax policy evaluation.

The DAGEM Model

Given the temporary equilibrium structure of the DAGEM, the computation of a t-dimensional
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‘intertemporal equilibrium path involves the computation‘ of a sequence of 1, one-shot, short-run
equilibria parametrically on price expectatiohs. fhe mo;iel is typically run to produce a twenty-
year equilibriuﬁ sequence in a decision timé frame of one hu‘nd'red years.12’ The optimal
trans-itions of the stock variat;les between adjacent short-run_equilibria are determined
endogenously given the equilibrium prices and net demands.

Each gne-shot equilibrium is computed using NPSOL, aﬁ optimization algorithm déveloped by
Gi!l-M_urray-Saunders-Wrighf (1986). The equilibrium -conditions are seen as nonlinear
equality constraints in the minimization of an articifial objective function. The prices are
normalized to the unit simplex by an additional linear equality constraint. Thé algorifhm computes
an equilibrium by finding a feasible point to this "bégus" minfmization pro»blem.: by definition a

’ féasi'blé point satisfies the constraints of the problem, .in this case the equilibrium conditions. |
’ The DAGEM is implemented using an interactive FORTRAN prog‘rarn/ pun;wing on a IBM 4381.‘
i\The computation program is compo§ed of several complementary sggmenf;:

Prompts the user to state the number of‘equilibria to be computed, expectations rules, and the

1
\

~ . type of n;m, whether a base case or a revised case, and if the latter what type of equal yield revised
case; | |
Segment 2
" Reads from a comfnon block all structural information: number of consumers, number of
'producers; reads from an input data file the initial values for stock variables and preference and
technology parémeters as well as tax parameters.
Segment 3
Describes the equilibrium conditions for both base case arid revised céses, iricluding the codes
for the net demand functions derived from the specification of the production side, consumption

~ side, and government behavior. -
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.SEQII]_QIIIA

Provides the interface with the NPSOL subroutine. It solves for the one-shot, short-run

equilibrium prices. The computation routine goes through Tz one-ﬁeriod loops, one for the
computdtion of each temporary equilibria. The transition-between two consecut_ive loops includes
_information from the current equilibrium to generate ﬁew initial‘ condifions for the ‘coﬁmputation
of the next etwilibriﬁm.

Segment 5 |

The I'as’t step in the main computer prografh bresents the equilibrium results and other final
information:  equilibrium prices and corresponding aggregate and individual ‘net demands for each
and every t<T; " the transitions; individual utility and wealth; .the net cash flow.and capital stock
for- éach sector; the evaluation indicators and GNP, both for each and /every t<T, and

cumulatively.13/ . -7
A

/
‘As a closing remark it should be sa[d that the NPSOL algorithm proved to be ext}emely efficient
for the computation of the economic e'quilibrium for such a relatively complex model as the DAGEM.
In fact it talfes generally about one minute of terminal time on an IBM 4381 to compute a
oﬁé—period eduilibrium for an economy with eight markets and a time horizon of one-hundred

.periods. For the same specification of DAGEM, Merril's version .of the fixed point algorithm takes

abou. gight minutes.
CHAPTER 4 - SUMMARY AND CONCLUDING REMARKS
41 SUMMARY
This paper has developed a dynamic sequential general equilibrium model of the United States

economy - DAGEM - with endogenous government deficits, forward looking investment decisions,

and several financial assets.  Given the model set up, the second step has been the discussion of
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problems of implementation and policy analysis with éuch a mode'I.A"The model has been
implemented using a nonlinear optimization .algoritﬁm, NPéOL.

The followiné is a summary of the resultsA énd contributions Srobght forth by this paper in

terms of dynamic general equilibrium modeling, model implementation and policy evaluation.

D ic G | Equilibrium Modeli
~ This paper develops a stylized dynamic general equilibrium model of the U.S. economy -

DAGEM. Economic behavior of every agent in this economy is derived from an intertemporal

specification of the agent's objectives and constraints. Firms maximize the present value of the net

cash flow in an adjustment costs technology in order to determine endogenously optimal supplies

"and optimal demands for the different produetion inputs. In particular, investment decisions are:

- forward looking. Real investment is financed by retained earnings and iss;yaﬁce of new debt and

N /
. I3 . . . ,’/ 3 » .
,équnty according to exogenously defined rules. Government intertemporal behavior is obtained

from the maximization of a social'\n}elfére function defined over the domain of a public good and
subject to. an intertemporal budget constraint.. The government is allowed to run deficits which are

financed .by issuing bonds. Optimal household behavior foliows a life-cycle .type of model

generating endogenodus savings and labor-leisure decisions. Household asset portfolio decisions

merely accommodate the composition of demand for funds.  Equilibrium in this economy is
conceived as a temporafy Walrasian equilibrium. All the markets, for several consumption goods,
investment good, labor and financial funds, cléar, hence the Walrasian- nature of equilibrium. Also,
equilibrium in tﬁe short run is such that market clearing prices are parametric on the expectation
formation rules, hence the temporary nature of equilibrium.

The model developed in this paper - DAGEM - is very much in the frontier of the computational

general equilibrium modeling for tax policy evaluation. | would like to claim that with minor

_ exceptions DAGEM provides an enlarged envelope of all the other dynamic CGE models available (see

page 19 for a complete reference list and Pereira-Shoven (1987) for details).

— —— J— I i R o
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6omparable models were simultaneously developed by'Aderbach-k'otlikoff (1976) and
Goulder-Summers (1987). In terms of private .individual behavior, onfy fninimal differences can
be found among DAGEM, Auerbach-Kotlikoff (AK), and Gould;ar,:Summ—ers (GS). In the three
models, dynamic productien behavior is induced by the existence of gdjustr’hent costs. In the three
models, dynamic househola behavior is characterized‘by a life-cycle t;(pe of ‘structure. AK go
further to consi‘der a number of overlapping generations, which however are collapsed into a single
consﬁrﬁer.' DAGEM with six markets and three household income g}oups is more disaggregated than
Ai(, which has three markets and one aggreg-ate consumer, and at is closer to the level of
‘ disaggregation of GS which has se\;en markets and one aggregate consumer.

Marked différences among the three models are to be found, first, in the- specification of
geverﬁment behavior. in GS, yearly balancgd bu&gets are required. Expenditures are endogenous
but.‘pot optimal in that they merely accommodate to the level of tax rgyé;ues. In AK, the-
govérnmen! is subject to an intertemporal budget constraint. Therefore, gox;ernment is allowed to
run Yearly deficits. However, the expenditure path is exogenbysiy defi}led. Accordingly, deficits
.are endogenously but not optimally detérmined as a residual given tax revenues. In the DAGEM
m'o,d"ei both government expenditures and government deficits are endogenously and optimally
cietermined through the maximization of a public utility function and subject to a sequence of’ budget
constraints which are equivalent to an intertemporal budget constraint as in AK.

Differences are also to be found in the specification of financial marl;ets. AK does not include

., any private financial asset. In turn, DAGEM and GS share similar speci-fications of the financial
ynjarkels with a whole array of private financial .assets. Both introduce firm-specific equity
capital. In GS, different assets earn different rates of return. However, such rates are equal up to
constant and exogenous sector-specific risk premia. DAGEM considers aiso firm-specific bonds
and is the only to consider exogenous debt-equity ratios and the possibility of investment being

financed by either new bonds or new equity in addition to retained earnings.

A third substantial difference is in the concept of equilibrium. Both AK and GS' follow a perfect
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foresight approach. In turn, DAGEM follows a tempc;rary equilibrihm_gpproach with flexible
expectation rules ranging from static egpectata‘ons t6 any de.gree of foresight into the future. That.is
important becaus;e evidence fostered by Ba!!ard' (1987) and'Bailard-.Gdulder (1985) suggests that
empiri;:al results tend to depend on- the degree of foresight. .

To summarize, the .DAGEM model remains unique among the CGE Iiteréture in the extent of
'dynamic bghavior, in the detailed consideration of financial as‘sets, in that government deficits are
optimally determined, and on‘the ﬂekibiiity of expectation formation rules.

Model Imp! . | Policy Evaluati

In the context of applied general equilibrium analysis, policy evaluations are typically carried

~ out by contrasting a base case reflecting the status quo and several counterfactual equilibria’

‘reflecting different scenarios generated 'by the policy changes under. consigeration. The different

A /
equilibria are made comparable by confining the comparison to equal yield alternatives.  Finally,

the information contained in the different equilibria is typically synthesized in a scalar indicator.

~

In this paper the concept of equal yield is generalized to accommodate the existence of

- government deficits. In the counterfactual equilibria, government is seen as minimizing

4intertemporal.expenditure associated with base case intertemporal “public utility." Equal yield is
made consistent with tax financing changes in which bond issuance is kept at the base case level, or
with bond financed chang’és in which tax revenues are kept at base case level, or any combination of
ihe two. A measure of marginal financial crowding out in;_:li;ced by ’the' policy changes may be
inferred from cémparing the different equal yield alternatives.

The dynamic generalization of the Hicksian cAompensating variation indicators is made necessary
by the absence of future markets and perfect foresight in the DAGEM. The generalization is
obtained by aggregating the present discounted value of a sequence of actual short-run individual

~cost functions. Alternative long-run anticipated, not actua!.‘cost indicators were also developed.

The DAGEM is implemented with a nonlinear optimization algorithm, NPSOL. The equilibrium

B il
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‘conditions are interpreted as nonlinear.constrainté of an artificial optimizat;dn problem. Whiie
alternative approaches were possible, this computation strategyﬁh’as two major advantages
associated with the use of the NPSOL. First, NPSOL is an extremely efficient algorithm. | estimate
that for the size‘of the model in th'is work NPSOL is a.t least eight- to ten-times faster than
Merrill's fixed poir;t algorithm. Second, this optimization apéroach has more flexibility than ;he
standard techniques to soive systerﬁs of nonlinear eq‘uations in that it allow.s the treatment of

market d'isequilib(ium and fixed price situations without further complications.:
4.2 CRITICAL ASSESSMENT OF THE CURRENT FORMULATION OF THE DAGEM

o \
At this point it is only fair to illustrate the principle that "what you get from a model is
, . )
directly related to what you put into the model." There are two groups of factors that should be
\ /
taken into consideration when evaluating whatever policies are under consideration. First,

"minor” technical problems will be discussed. Second, two more fundamental conceptual problems

will be addressed.

\

Mi Technical Probl
i) The Assumpﬁgg of Additive Time-Separability of Preferences

Household preferences are assumed to be time separable in a strongly additive form. This is a

_ standard assumption in the context of dynamic CGE analysis as well as in _many other areas of

-applied economics. Time separability is introduced mainly for the sake of analytic simplicity.

However, the assumption of additive time separability creates excessive intertemporal

--.substitutability. -

i) Restrictive Functional Forms
All the preferences and tec}inologies are represented in the DAGEM by Cobb-Douglas type Lo?

functions. The specific empirical implications of this functional form are well known: fixed
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expenditure shares; zero cross price elasticities; unit income elasticities; unit elasticities of

sub'stitution,,etc. The specific net demand functions derived from the intertemporal optimization

problems are reported in Appendices II-IV. Other studies have used either Cobb-Douglas or CES ‘

specifications.

While it is, at this stage, conceptually straightforward to generalize the DAGEM to include more
'flexible functional forms, such a task is extremely time consu.ming. Accordingly, this route has not
been pursued thus far. |

i) Lack of Adequate Estimates of the Adjustment Cost Parameters

Several implementation of the DAGEM sugge'st that it 'ta_kes tirﬁe for the efficiency gains of
specific policies to appear. This is in good part due to the adjustment cost specification. It reflects
“the a&justment lag in the interindustry investment decisions because of mobility and installation
.c;sts of adjustment. Therefore, the p'arametrization of the adjustment /cestz functions assumes
c?irucia! relevance. There aren't many estimates of adjustment costs paraf/ﬁeters available (see Abel
(1980), Sqrﬁmers (1981), and PihciycI:-Rotem'berg (1983a, 1383b) f§r the few exceptions). |
am not aware df any estimates Qvith the functional forms and disaggregation‘a; in this paper.
- (Recall 1h‘at the paraméters used in this version of DAGEM are derived from the estimates in

Summers (1981) which are obtained from different functional forms and disaggregation.)

Accordingly, some effort should be developed to obtain more adequate estimates.14/

Conceptual Problems
i) Einancial Behavior and Uncertainty
In the DAGEM, real private investment is financed by retained earnings and issuance of new
debt and equity according to exogenously defined corporate financing and dividend-retention rules.

Government finances deficits by issuing bonds. Household asset portfolio decisions merely

accommodate to the composition of demand for funds - private assets and public bonds. However,

there are policies which should be expected to affect both the optimal portfolio decisions and the
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optimal corporate financial rules and dividend-retention policies.

Modeling uncertainty in a non-trivial'way (recall that in the DAGEM uncertainty is )

“"eliminated” by using point expectations) seems to be the only promising approaéh to meaningful
treatment bf both optimal financial decisions and optimal household portfolio decisions. In a

stochastic context, optimal portfolio decisions may be addressed within a eapital-asset-pricing-

model framework (see Merton (1970, 1973) for seminal work along these lines). Also, corporate

financial rules may be addressed by trading off the preference of debt against the potential
bankruptcy costs of equity financing as in Fullerton-Gordon (1983).
Despite the advantages of stochastic analysis, CGE modeling and implementation in a stochastic

setting is a ver)} complex enterprise. It is not surprising that the first steps in this direction are

still to be taken.

ii) The Closed-Economy Assumption d

A /’

Most of the open economy CGE models follow the assu mptioné of balancéd trade with impert and

export net demands characterized by constant elasticities along the lines of Ballard-Fullerton-

‘Shoven-WhaI'ley (1985). Such is the case of Ballard (1983), Ballard-Goulder (1985), and

Goulder-Summers (1987).
A few models have a different treatment of the foreign sector. Feltenstein (1985) treats the
rest of the world as an additional consumer group. Bovenberg (1986) develops a model in which

two economies are considered, each following intertemporal perfect foresight paths. These

, economies meet in the international forum. Their trade relationships are characterized by yearly

- balanced trade accounts.

"None of the new generation of dynamic CGE tax models has yet fully incorporated the

- international capital flows as done in Goulder-Shoven-Whalley (1983) on the earlier Ballard-

Fullerton-Shoven-Whalley (1985) model. The first attempts to incorporate the international
capital flows are by Andersson (1987), and Erlich-Ginsburgh-Heyden (1987). Andersson

(1987) in His model of the Swedish economy adopts a smali-economy approach in which rates of
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return in the aomestic economy are largely determined by the international capital l:narkets. Fixed
interest rates induce intern;tional capital flows. The internatipnal 'capital fiows determine and
finance the international trade imbalances. In turn, in Erlich-Ginsburgh-Heyden (1987), forei.gn '
t!'ade is generatéd according to an intertemporal trade weifare function with constant import anﬁ
export elasticities. In the short run they aIIow~in.ternationaI trade imb_alances which generate
| capital flows to the domesti¢ households. In the long run, however, yea.rly trade balaﬁce is assumed.
It is fair to say that meaning.ful modeling of trade imbalances ar-jd international capital flows in .the
CGE literature is still in a preliminary stage.

In its current formulation the DAGEM is a cloéed-econohy modél - no fofeign trade or capital
flows are considered. This is an undesirable feature in terms of descriptive realism.
’ Furtﬁermore, Goulder-Shoven-Whalley (1984) provide an extensive discuss}ion of the impértance
. Af the modeling of the_ foreign sector for tax policy evaluation. In particula;;, (hey conclude that in .
A‘the context ;>f the Shéven-WhalIey model the specification of the fo"?eign sector substa_mtially
affects the results of several policy measuras. _ |

The introduétion of internatiohal capital flows in the DAGEM assumes spec_:ia] interest in that
governmém deficits are modeled. First, since foreign capital flows represent an important
additional source of funds, the financial crowding-out effects induced by government deficits may
change dramatically in an open economy frémev&ork. Second, a substantial part of government
deficits in the U.S. is financed by inflows of foreign capital. In turn, the inflow of foreign capital
vtends to keep the dollar overvalued. An overvalued dollar makes imports relatively cheap and
exports relatively expensive which creates further problems in terms of the trade balance.

The introduction in the DAGEM of a foreign sector és in Ballard-Fullerton-Shoven-Whalley
(1985) does not pose any conceptual problem. Howeéver, the interesting aspects that wouid
represent a substantial improvement are the modeling of trade imbalances and international capital
flows in a dynamic framework. Modeling trade imbalances and international capital-flows_in a

dynamic framework are areas wide open for research.
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This paper should be seen as a first step in the process of setting up and implementing an

advanced, yet realistic, dynamic CGE model of the U.S; economy. In this sense; Section 4.2 provides

an agenda for future research. Efforts are currently being developed in the direction of integrating.

into the DAGEM a foreign sector with both commodity and capital international flows. In addition,
the disaggregation of the investment industry and in particulér' the introdutien of housing capital

-

and services is being considered.

) E l- E !i l.

. e
The DAGEM .is flexible enough to support varied modeling generalizations.” That being the case
\ /

g

the -DAGEM model is equally flexible -enough to support the a'nalysis of different public finance
issues. |

~

The DAGEM was originaly used to étudy the MMMMMWMM

taxes in the U.S. (see Pereira (1988)). Simulation results suggest first that the net welfare gains '

}rom integration are at best very modest and frequeqtly negative. Such a dramatic change in tax
codes, such as the complete elimination of the corporate tax and its replacement by increased
pérsonal income tax rates,l is simulated to yield long-run benefits which are never larger than
, .17% of the present value of future consumption and leisure. This is between four-times and
- twelve-times lower than comparable results available in the literature.  Secondly, it takeé time
for the efficiency gains of integration to appear. In particular, the average long-run gains are
~ more than three times as large as the average short-run gains. This new intertemporal pattern of
efficiency effects is due to the existence of costs of adjustment, and reflects an adjustment lag in the
interindustry investment decisions. Thirdly, partial integration, achieved by excluding dividends

from the corporate tax base, systematically generates negative effects. This is a new second-best
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effect suggesting that less than complete integration‘ may have ;jerv_e.rse efficiency effects.
Fourthly, unlike results in previous studies,-integfation is.shown nQt to be a Pareto improvement
action. In termé of the value of CUn"ent consu'mptior‘1 and leisure, the lowest income groups are
wor;é off after the policy implemeﬁtation. However, all income classes show an increase in wealth
accumulation and, th;ar,efore. the potential is there -for welfare gains at som'e point in the future.

" Fifthly, unqer the Tax Reform Act of 1986, the effects of intégration show the same patterns and
charac_teristics as under the oid tax regime. However, under the new tax law the efficiency gains of
integration are much lower. This suggests that the change in tax regimes in itself improved
efficiency. _In particular, the efficiency gains from both the new tax treatment .of capital gains and

depreciation. allowances and the elimination of the investment tax credits dominate the additional

- distortions generated by an increase in the effective corporat'e income tax rates.

The results of the simulation experiments confirm the crucial impoptaﬁce of the marginal

/

distortions in the labor-leisure decisions induced by the tax replacement’_/mechanisms: the higher
the marginal increases in the peréonél income tax rates the lower the efficiency gains from

integration. |n‘addition, the impbrtance of raarginal financial crowding out is illustrated: higher

- ‘governme'nt deficits are associated with lower integration benefits. The importance of the rules of

' formation of expectations should be stressed. Different rules for formation of expectations and

even different parametrization of the same rule lead to clear changes in the effects of the policies
considered.  Finally, the simulatioh results are very robust to different specificati’ons of the
‘debt-equity and dividend-retention paraméters as was expected given the deterministic context of
the model.

There are several other policy issues whiéh the DAGEM model is particularly adequate to
address. The following are currently under investigation. The first issue deals with the e_fmzl.mcx

fici i ni . The imposition of an upper bound on government deficits

and the eventual elimination of such deficits was consecrated in the Gramm-Rudman-Hollings_Bill.

For fixed tax revenues, a deficit reduction will depress government ekpenditures. On the other

Y
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ihand, a tax-financed deficit red.uection will potentially depress privéte expenditures.. However, both
the resource and financial crowding-out effect§ upon the private sec;o'r of government expenditures .
will be alleviated by the process of deficit reduction.  Thus, the net efficiency e;‘fect of a deficit
reduction rﬁechanism is a matter to be determined empirically.

_A related problem i‘s the time frame of the e!iminaﬁon of g;overnment deficits. What is the iime
frame that minimizes the neéalive effects or maximizes the positive effects of the deficit .
elimination? Also, the permanent accumulation of new debt ‘is. widely perceived és having
undesirable effects on the economy by raising inferes; rates. However, yearly balanced budgets
‘ rhay bring forth a lack of flexibi;ity which is equally undesirable. Are yearly balanced budgets
really a good idéa? What is the optimal planning horizon for the government to balance revenues

and expenditures?

- e
The second policy issue under study is the role of investment tax credits and in particular
\ }./

w.h ther investment tax credits shou reintroduced. Not long after the Tlax Reform Act of 1986
was ‘approved, the idea of re-introducing an ITC was thrown into the political arena. The
‘r;e-introduction, of an investm_ent tax creditrhas been suggested as a way of lowering the price of new
in;ebtment Qoods, thereby promoting investment and economic growth. The analysis of current |
économic conditions in the U.S. gives some credibility to the idea. The global impact of the Tax
Reform on the economic growth is to a large extent dependent on incentives to save. Less favorable
treatment of Individual Retirement Accounts for example, may suggest lower savings and a slower
. economic growth. Now, in the absence of any deficit reduction mechanisms, relatively high
, ~in/terest rates and the financial crowding-out effects generated by large government deficits may
further depress investment demand. On the other hand, deficit reduction mechanisms of the
“-Gramm-Rudman-Hollings type may alleviate the upward pressure upon .interest rates. However,
they are also likely to ultimately induce a drastic reduction of government spending and/or increase

in the tax rates, and thereby create further depressive effects in the economy.

Considering all factors, it is possible that at some point in the near future undesirable forces
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against econémic growth will be unleashed. |f such a scenario becomes reality, it is only natural
that the possibility of re-inst;ting an investment tax cr.'edit should be raised. \A;ouldn't it be a good
measure to counteract the potential regressive effects on investment and economic growth of t;m '
current tax law ih the context of a high deficit economy?- Funhermére, if it is a good idea to
re-introduce ah investment tax credit, what would be the sectorial investment tax credit rates that

maximize efficiency gains and economic growth?
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1. General Notation
Iime
current time

terminal time
future time

.Agents -
consumers
producers of consumption goods
producers of physical capital
government

C it
consumption of good j by i
labor supplied by i
leisure of i
total available time of i
consumption good j

value addedbyj =~ - \

total investment cost by j
adjustment costs

use of input f by j

capital stock.in sector j
investment by industry j
total demand for investment by j
labor used by industry j
investment good-’
useofgoodjby g

capital stock demanded by g
investment by g

labor demanded by g

inancial Flows an S
wealth of i
savings of i
j-th industry bonds owned by i
j-th industry equity ‘owned by i
dividends from j received by i

e it O e SR

b4
T (finite)

2<t<T

group i=1,...,C
industry j=1,....J
industry j=I

g

Yijt
Lit
Hie -
L i
7
Yit
VA
TCj(
C;()
Yjft
Kt
'jt+cj(.)
th
It
Yigt
Kot
lgt
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government bonds owned by’i o - B;

igt
i's share of the market portfolio - s;?
share of debt in i's portfolio - .- 1-Ziejy
share of equity j in i's portfolio . ejt
j-th's net cash flow - ) ‘ NCth
j-th's gross/quasi profits . .nit
j-ﬂ:l industry bonds : B8 jit
j-th industry capital equity . E it
sector j liabilities s © - Flj
dividends distributed by j _ . Div it
tetained earnings by j o REjt
new funds demanded by j o F it
government bonds : Bgt
government liabilities LG, .
new funds demanded by g Fat
labor tax revenue LT,
corporate tax CT,
investment tax credit , ITC;.
income tax ' ITy
sales tax /ST,
total taxes Ty ) - Thy
transfers : ’ Try
consumption good j Pjt
vector of consumption goods ) ’ Pt
physical investment Pt
labor PLt
interest rate : ry
price of equity j ‘ PjEL

Optimal demands are referred to by superscript D. Optimal supplies are referred to by
superscript S. Predetermined stock variables at z are denoted by a superscript * and do not have
time subscript. Future expected prices are referred to by superscript e.

251LU.QIM.L5L.E.&C&[H§LLELS

feren n hno! Parameter

group i's discount rate 9

Cobb-Douglas j-th share ajj -
- Cobb-Douglas labor share 1-Ziai i




Leontiff parameters
Cobb-Douglas labor share

Cobb-Douglas capital share
adjustment costs parameter
j-th's capital depreciation rate
dividend/retention parameter
new debt/equity paramenter

government discount rate

Cobb-Douglas labor share

Cobb-Douglas capital share
Cobb:Douglas j-th good share
g's capital depreciation rate

Jax Parameters

income tax rate

income tax rate intercept
capital gains tax
transfers received by i
sales tax rate

labor tax rate

i's corporate tax rate

i's investment tax credit

j's depreciation allowances - -
j's depreciation -for tax purposes

o o g s s e e i S 1 s g e o b e e

£t . e e o
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-

The optimal dynamic problem for the i-th houséhold is described in (7)-(11) in Section 2.3.
~ In -turn, first-order necessary conditions are reported in (14)-(19) of the same section. Closed

form solutions to the household problem can obtained in several steps as follows. .

Step 1: Finds the solution to the adjoint difference equation for the marginal utility of wealth

parametric on its initial value, q;,.

(A.1) Qit=(1+3)1" 202/ Mz ct-1 {1+(1-Tip[{1-Zjejre+ e j4(Divie/Pjgr-1 Ejp) 1}

e
7/
/

\ ' e y
Step 2: Finds the solution to theequation of motion for wealth. d

(A2) W =-Z ct<Tllbj+ (1 -TidPiLip* (1-CGTi) ZjlPiet-PiEL-11Eijt

+Trit-)_‘,j(1 +Tn)pjty ijt]/l'Izsssth +(1-T;p (1 -Ejejs)rs+ Zjejt(DiVjs/ijs-1 EJS)“}

Step 3: Gets quasi closed-form solutions from the variational conditions parametric on gj, by
using the solution to the a’djoint equation as in Step 1.

(A3)  yip=1{aj;(1 sap-(t-2)
stsgt“ +(1 'Tis)[(1 'Zjeis)rs"‘ zjejs(DiVjs/ijs-1.Ejs)]]}/{qiz(1 "‘Tjt)pjt]

(A.4) L'5~Lsiz={(1-2jaij)(1+ai)'“'z).

Mzcs<tl1+(1-Tig)(1-Zjej5)rs+ Zjejs(Divis/PjEs-1 Ejs)IVIqiz (1-Tig)p 4l

e
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Step 4: Obtains the initial shadow price by pl;fggin_g the variatioral gonailifans as in Step 3
into the expression for the initial wealth level W'; as in S_tep 2. |
"(A.5) qiz“ézst.sT“*ai)-(t.Zj/
{W'i**ZzstsT{fbit*‘Tfi*‘““Tit)Pu‘-'i*("CGTit)Ej[PjEt‘Pj;;-1lEijt y

MM esctl1+(1-Tig)[(1 -zjejs)r$+;jejsioivjs/ijs.1 Ejs)IIN

Step 5: Obtains closed-form solutions for the consumption demands and labor supply by

plugging this shadow price as in Step 4 back into the variational conditions as in Step 3. Only the

net demands at z matter for the definition of equilibrium. Then, the jnputs from household behavior
- agpe - ’ . /
to the Temporary Walrasian Equilibrium are g
\ /
Net Demands
--Demand for Consumption Good 1<j<J:

. - {A.6) yDijzsaij{1 +(1 -Tiz)[(1-Zje‘-z)rz+2jejz(Divjz/ijz_1 Ejz)n’{qiz“ +sz)pjz}
-Labor Supply:

A7) L -LS,,=(1 -Zja{(1+(1-Ti[(1-Zjej)r,+ Zjejz(Diviz/PjE2. 1 Ej) IV

Haiz(1-Tiz)PL 2}

~ in which the initial marginal utility of wealth is given by

(A8) Q=T crer(1+3)" (12N
{W'i"zzsts'r{[bit”'i*‘("Tn)thL'i’f“'CGTu)zj[PjErbjEt-1lEijt v

/M gsctl1+(1-Tigl(1-Zjejs)rs+ Zjejs (Divig/pjgs. 1 Ejg) NN
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(A 9) FSiz=biz+ (1-Ti)pLoLS 2+ 1(1-Ziejp)rz+ Tje o (Divja/PjEz. 1 Ej) W 1+
+Trig+(1-CGT,) EilPjE-PjE2-11Eiz -Zj(1+T;)Pjzy D,

(A.10) WD, .-
W’i+biz+(1‘Tiz)[PLzLSiz+[(1'Zje'jz)fz+‘2jé,;z(°‘vjzfpjEz-1'Ejz)1W il

o +Triz+(1-COT Py PjEr-11E - Ti(1+ Tj2)Pj2y Oz

. where both the jnitial value of wealth and the jnitial composition of wealth are’predetermined and
- 7
given by: . . K4

£

(A11) W'=32 ;8 ;j+ZijEz‘-.TE"ij"’B'ig
) ‘.. : -[1 : ’ h
(A.12) Wiz, 1=ZBijz41+Bigz+1+ZjPjE2Eijz+1
. (A.13) Big241=Si241Bigtz+1
(A1) Bjjz,1=5i;,1Bjz4q. for all j

(A-15) PjE2Eijz41=Siz+1PjEZEj1, for all |

(A18) 8j;,1=Wiz,.1/ZWi4
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The optimal dynamic; problem for the j-th producer is described in (28)-(32) of Section 2.4

In turn, first-order necessary conditions are reported in (35)-(40) of the same section.

Closed-form solutions to the producer problem can obtained in several steps as follows.

Step 1: Finds the solution to the state equaticn of motion for capital.

(A1) Kj=ljr 1+ Zzgs<t-2ljs s+ 1 shst- 1 (1-Qjp)1+K 1T 2 <5 <11 (1-9js)

(A.2) (LK) ={1(1+T QP Vaylpjr Tlaypt V(311
(A.3) qit‘“‘Q’jt)“”t+1)'1'qjt+1+("cht)(1"aj)lpjt’°zf(a;fpft)l- :

{lO+TLppLVajlpj- Te(app ) 37 (351

Step 3: Solves the adjoint difference equation using the final adjoint condition.
(A4)  Qj=Zi<e<TlMich<s-1A]h]C)s! where

(A5)  Ajh=(1-Djp)(1+rp, 1)1

(AB)  Cig=(1-Teis)IPjs-E(ajiPre)1(1-a{I(1+ T g)PLs1/ajlpjs-Ze(ajep s 131/ (3) 1)

(A.7) let=[1/bj]{~1+[(1+rt+1)‘1qjt+1/(1-!TCJ-t)pn]} -
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where Qjt+1 is given as in Step 3.

(A8) LD =Kll(1+T )pLylajlpj-Te(ajm et/ (351
. where Kj is g,iven'as in Step 1 and optimal investment is (A.7).

.Also, the optimal supply of good j at t can be obtained by using the value added production

function and the optimal labor demand (A.8).
(A.9) yS;=K{[(1+T ppLyl/ajipj-Z(ajp )33 1)
where Kjt is given as in Step 1 and optimal investment is {(A.7).

Only the z-period net demands matter for the definition of equilibrium. Then the jnputs from

: deu‘Qg['s bghayig: (o] Ihe !gm;}g{a[y wa!fESia[} EQU'Il'Ibl‘!L!!!I are
. | )
. N /.
Net Demands /
-Total ’nﬂestmenl Demand: o

(A.10) |TDjzlejz+.5b'j(|Djz)2, where
(A.11) lez=[1-/bj]{-1+(1+r2+1)'1qu_+1l(1-lTCjz)p;z]}

(A12) iz, 1=2241<55Tz41<hes-1AjhIC]s

(A13) Ajp=(1-Bjp) (147, )" !

(A.14) Cjg=(1 -chs)tpjs-zfgajfpfg](1~a,~5{[(1+TLs)pL31/a,-(pj's-zf<a,-fpfsmai’(ar‘)
-Labor Demand:

(A.15) LD |,= K [{[(1+T )P 2Vajlpjz-Te(ajpi) N /3 )

-Supply of Good §:

(A.16) yS ;=K [{[(1+T o) Vajlpj-Ze(ajpe) 121 (31 1) i
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-Remand for Intermediate Inputs for all f=1,...J & .-
(A.17) Y'Djft"aij'j{[“ +TLz)PLz]/aj[P;z:Zf(ajfpfz)]}ai"(ai'1)
. -Demand for External Funds:
(A.18) FDj'z=(1-lTCjt)p|z[lj+Cj(lj)]+(1-cht)rszzq» '°
(1-CGTio)PjEz PjE2-11Ej2 REjz7T¢j2@ 2K 2
-Dividends to be distributed to consumers:

(A.19) oivjz.u-sz)m-ch,_){[pjz-Zf(ajfpfz)lysjz-(1+TLz)PLzL°jz}

I . l . ' ’ ’ /
Al A
-State Variable Transition: , ‘

1
=~ A

(A.20) Kiz+1fliz+(1-ﬁjz)K'j_j
.'I' ].!.I I .I‘ n :’ ‘
- (A.21) BS|,, =B"j+(1-0g;,)FD;,
(A.22) ijzEszv+1"ijz-1E*j"@EszDjz
(A23) F‘-sz+1="Bsz+"1+ PiEZESjz41

in the above, FL'j, K'J-, B'j and E'j are predetermined variables.

] tur_n, REjz is given by

(A.24) RE}=0 iz (1-Tej2)([Pjz- Z(ajP12)lyS jz- (14T )P, L D))

!
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Thefoptimal dynamic problem for the government is described in (53)-(60) in Section 2.5.
In turn, first-order necessary conditions are reported in {64)-(74) of the same section.
Qmm_sgumna to the government optimization problem can‘ obtained in several steps-as
follows.

Step 1: Solves the adijoint difference equation for the marginal utility qf public debt

.parametrically on qj,.

(A'1) QQt’stsst-1[(1+ag)(1+f3)-1]QQz- ' /./
Y /

~

(A2) . LG "[ng/Agz+"‘+(CgT-1/nzStST-1Agt)"'(CgT,nZStSTAQt)I’ where

(A3)  Ag=[1+r]

(Ad4)  Cqr=[Tr+Zpjtygijt+ (1+TqL)PLiLgt+Pitlge-TT4

Step 3: i icl -for iutions for ! ities from

the variational conditions and the marginal utility of public debt as in Step 1 parametrically on g;,.
(A5)  Lgi=lag (1+r)Vlagy(1+Tg Pyl
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Step 4: in icl -form solution for investment demand parametrically on g;,,from

the variational condition for investment, the equation of motion for capital, and the adjoint equation

" for the marginal utility of capital.
(A7) 1P gi=lag/ag Py (1471, 1) (1-@ g1, )P 1) (1+3g) (13~ 1T

(1-@g 0Py 1-(141 1 (1-Bg Pyl ")

Step 5: Obtains the initial shadow price of government liabilflies G by Pligging the quasi
closed-form solutions for the several demands into the solution to difference equation for state

variable public debt as in Step 2.

-~

.'(\.A.B) qus-m-akg)n+1/(1+ag)7°z]+zz+1s‘g4(1+agy(t-z)//

-[akgPyT.1/(1 +3g)T'zl.[k‘1 +ip ) +17)py7.4-(1-Og )P TIV

~

(LG" 4P 1K g (1-8 ) (1475)+ Ty o TI(Tre T Mg cy(1+1g)1}

Step 6: Plug this shadow price gz into quasi closed-form solutions for the several demands as

in Steps 3 and 4 to get the desired closed-form solution for consumption. investment. and labor
demands. Only the net demands at z matter for the definition of equilibrium. Then, the jnputs from

. government behavior for the Temporary Walrasian Equilibrium are as follows.

Net Demands
-Remand for Labor:

(A.9) LDy =lag (1+r,)Mag,(1+Tg )P ]
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-Demand for Consumption good j=1...J:
, (A10) Yngz""[agj“"'rz)]/[qupjz]
-lnvestment Demand:
(A1) 1P g =20 (ag,[P1z-(14724 1) 1 (1-@g 24 1)P124 111(1+3g) (147) T1}-
-(1-0g)K 5.
Dﬁmand.mm&wjum

(A.12) FDgzsrzLG'+TrZ+ijjzyngz+(1 +Tng)PLzLDgz+P|z'Dgz'TTz

Transiti

D "
(A.13) KDy 121D v (1-0,)K g e

(A.14) LGDz+1=(1+rz_)LG +Trz+}:jpjzyogjz+(1+Tng)pLzLDgz+p,zlDgz-TTz
where LG and K'g are- predetermined.

In turn, dgz is given by

(A15) qgz={(1-agg)[1+1/(143g) T 21+, 1 7.1 (1+3g) (12)-

' '[akgp|T-1/(1+39)T'z][(1+fT)/[(1+va)Drr-1-(1*@gr)prr]}}/

/{LG'Z‘“pIzK.g(’ ’géz)/(1 )+ Lt THT - TT M Ml p g <t (1 +15)])

where TT, is given by

5. D. D
(A7) LT =T P ")+ TgLiPLet gt




(A.18) CTt=Echj([(perfafjtpft)ysjt'(1 "’Tl:t)p'LtLDjt'ftBj.t"E‘itK'jt']
(A.19) l'Tth-ZjTCjtp|t[ljt+Cj(!jt)] |

) tA.20) STtaii[ZjTjtpjtYDijt];

(A.21) IT,-2;{b;+Tn[thLDu+[(1-Ejejt>ft+zje'jt(9“*’it’Eit)_lwit”"- |
(A.22) cG"r,taziceTit(ijt'pjg;.{)E;j&Z;CGTj.t(PjEerth)Ejt-

and Tr; is given by '

(A.23) Tft?ziTrit.
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. Equiibrium Gondit
-Consumption Goods Markets: for j=1,...J:
(A1) ZiyPi(pyp %) +¥0 (pyp ¥ +y D oy (Prip ¥ ) +
: 7 0jt\Pel ¥ 11418 S8 S jogt\tPtP t+7g
+3 D i(pyip ¥ =y Siy(pyip %)
1<ty HjitPUP 6¥) =Y (PP %]
(A.2) yS =K {L(1+T )P4l ajlpy- Ee(ajp 1121 (35 1)

(A3)  yPj=a;K {I(1+T )P Vajlpj-Eelajpeli 2 (@7 1)

(Ad4) VDm"‘aif_K',{[(‘ +TLOPL Al Seapsp @V (@)

/
/
/

(A.5) AyDg;,-[agjn+rt)1/[qg}pja
(A6) ‘me.aij{n(i -'Ijn)»[(j*-Zjejt)rﬁ;Zjen(pi‘vitlpjg‘tq E TG (1+ Tj Py
-Labor Marke: | '

~('\-7) ZjLDjt(Pt:b.t;¥j)+LDn(Pt:P‘t;*‘i)+LDg;(P‘;p’t;¥§)=Zil—sn(Pt:P.t:¥;)
(A.8) LD,-t=K'j{[A<1+Tu)pLt]/aj[pj;-szajfpft>1}"<ar’)

(A,g) LD|1=K’|{i(1+TLt)Ful/al[P|¢-Ef(a|fpft)]}1/(ar1)

(A10) LPgy=lag) (1+rplag(1+T g Pyl

(A1) L"-LS, =

[(1 —Zjaij)ﬁ +(1 -Tit)[“ -Zjejt)rt+ Zjejt(Divjt/ ijt-‘l Ejt)I]/q“('l -T“)th

T |

i
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(A12) ZTO (pyip ¥ +1TD (pyip "1 ¥)+1P gy(Pyip ¥ g) =15 (PP i ¥))
D, _D D.\2
(A14) 10 =[1/01{ (14, )7 1 ajg 4 - (1-1TCjP])

(A.15) 17D ;=10 50,10 )
(A.16) |D|t=[1/b|]{(1+l't+1).1q‘t+1-(1-Iy‘Ticlth)pn]}
(A.17) 1D =

agkMagtlP (1474 1) (1-@ g1, 1)y 1101+3g) (1+r) T1-(1-0 5K .

(A1) 1S =KL T P ARy I(anp )21 (31 T)

J

:Financial Market: o
ED (.t gy L pD " .
- (A.20) _Fsitsbn-;-ﬁ-Tn)[puLsn-c-[U-Zjejt)rp-Zjejt(Divif/ijt_1Ejt)]W'i]-p
+Tri+(1-CGT) ZIPjEr-PjEL-11Ei-Zj( 1+ Tjpjty D ije

D. , D.o(1-T.. = K
. D 1] "
(A.22) F =1 -ITC“)p|t|D|+(1 -Tcn)rtB“»fﬁ ‘CGTjt){ijt'ijtdlEjt‘RElt'@ “K i

(A.23) FDgt=rtLG +Trt+2jpjtyogjt+(1"'TgLt)thLDgt"‘pH!Dgt‘TTt

2. Iransitions
-Capital Stock

(A.24) Kjp, 1=10+(1-0,pK "},
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(A.25) K,tHalD,p(;?@“)K'L

(A.26) <KDgt+1=|Dgt+(1-®gt)K'g
Ligbilities:

(A.27) st,+‘1=a'j+(1-esjt)FDj,

. | (A.28) pg¢ Esjt+1= PlemE'jf@EjtFDjt
(A.29) F.szt+1‘stt+1*ijtEsjt+1
(A-30) BS|1,1=B"1+(1:0g)FD),

(A31) PIgES|1p1= PIEL1E 1+@EFD)

v
/

" (A32) FLS), 1=BS,,, 1+PiE(ES 141 i

, . . . /
(A.33) LG Dt+1 =(1+n)LG +Tft+2jpjtyogjt+(1 +Tg Lt)thLDgt"’P(tngt'TT’(

)

(A34) WO, .=
=W by (1- TP LS i (1 -zjejt)'rﬁzjen(mvn/ijt,1 Wl
*"T'it*'("CgTit)zj[ijt'ijtJ]E;jt'zj(1+Tjt)pjtyDjit

(A.35) Wits1=2Bijts1+Bigre 1+ ZjPjEEijten

(A-36) ZiBijtr1=Sit4+1ZBjts1

(A.37) Bigts+1=Sit+1Bigtr+1

(A.38) PigtEijt+1=Sit+1PjELEjt+1 for all

(A.39) sjt, 1=Wit, 1/ZWit,q
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-Qjt is given by .
(A-"'O)' Tjt=Zy<sT(1+3))7(8°2)
{W t*ztSSST{[bw*Tr;s*“ -Tis)PLsgl :"'(1 CGT‘S)Z [ijs p;Es 115‘131,

“Qjt+1 is given by

(A.41) qjt+.1='zt+1+sssT[nt+1<h<s-1A1h]Cj§

'({\.42) Ajh=(1-®jh)(1+rh+1);1

(A43) Cg=(1 -Tcis>[p,-s-zf<a,9fpfs)'1<1-apm+TLS)pL,-,/a;[pjs-z;e*é’;fpfsn}ai"ai")

v;qgt is given by : -

(A.44) _qét-{(i-akg)(nuu+ég)T'*+zt+1SssT_1(1+agjx-s .

| '-[{akgplT.1/(.1+39)T't1[(1+fT)/[(1+fT)P;T-1-(1:@j'r)prr]]}/

HLG +piK g (1-@ /(141 + 3 12g < Tl(Trg-TT ) Mighgs( 1+l

h-REjt. Divjt are given by

(A48) RE ;=@ jp(1-Tejl(IPjp-Ze(ajP)lySjp- (14T oL D)

(A-48) Divjy=(1-@j0) (1-TejIPjp- el elySjp- (1+ TLpp L0}

-TTy, Try are given by

(A.47) TTy= LT+CT+ST+IT#+CGTITC,.
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(A.48) LTta(ijLtthLDjt)+TththLDgt
(A.49) CTt=Zchjt[(pjt-Zfampn)ysjt-(1+TLt)thL~Djt-rtBjt‘]%
+T o l(Pir-Zea e 1S, (14T LD, -
citlPirZ P = - (1+T P LL™ 1Byl
(A.50) ITCt=ZITCj‘p“[lDjt+Cj(let)1+lTCnpn[lD“-’-01(&0“)]
(A51) ST=S,{5Tjpv O gl

(A.54) Try=3;Try.
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The problem of minimization of government discretionary expenditure is described "in (113)-
(1i9) of Section 3.2. In turn, first-order necessary conditions‘are reported in (121)- (130) of

the same section. Closed-form solutions to this problem can be obtained in several steps as follows.

Step 1: Obtains the solution to the adjoint difference equation for the marginal cost of utility

parametric on its initial value dgz-

© (A1) qg=l(1+3g) ("N, 4 e cp(1475)]ag L
. - v
A / _
Step 2: Qbtains the solution to the equation of motion for the state variable cumulative utility:

(A.2) F zazz'sts-rﬁ+ag)’(t‘z)[zjagjLn(ygthagLLn(L-gt)«l-agKLn(th)]
- $tep 3: Gets quasiclosed form solutions from the variational conditions parametrically on dgz
by using the solution to the adjoint equation as in Step 1.

(A.3) ygjt=agj(1+ag)'(t‘z)ﬂz+1555t(1+rs)qu/pjt

- (A.4) LgtsagL(1+ag)'(t'z)Hz+1Ssst(1+rs)qu/th

Step 4: Obtains 3 quasi-closed form solution for the optimal capital stock parametrically on
the initial shadow price from the variational condition for investment stock owned by the

government and the adjoint equation for the marginal cost of capital.

S
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(A5)  Kgr=aggl(1+3g) 1D, 4 csq(+rg)lag /11 +r,}p,t_1-b,t(1 “Dgy)]

Step 5: QObtains the initial shadow price of public cumulative utility qu by piugging the

v;riational conditions and th into the expression for the soiufion cf the eguation of motion for
~cumulative utility as in.Step 2.
(As) agz=expl(F z-agklnK"-Zjag)(Lnagi-Lnpjz)-agy (Lnag  -Lnp )
“(1-2gk)-Zz,15t5T(1+3g) (12) |
LN (T4 1 st (1+r0 ) (143g) (M) 4 T2 i(Lnag;-Lnp®)y) +

agL(LnagL-aneu)+agK(LnagK-Ln((1»+ret)pen_1—pen(1-@gt)))]}/

[zzstsTU*ag)'“'z)]} : ’

- k)

Step 6: Plug the initial shadow price dgz as.in step 5 into the quasi closed-form solutions as in

-

Steps 3 and 4 to get the desired mmmﬂmmmmw_w In

_‘particular at z the demand functions are:

A7)y gjza[agj/pjz]. exp{{F 2-ZpeT(1+3g) (12,
[Ln(l’Iz+1sssth+res)(1+ag)'(t°z))+2jagj(Lnagj-Lppejt)+
agL(LnagL-aneLt)+agK£LnagK-Ln((1+ret)pe“_1-pe[t(1-Egt)))]}/
[Zz51T(1+3g) (F2)])

(A.8) L9y lagiip| ;1. expl(F" ;T crar(1+3g) (H2).

[Ln(IT,, 1 <s<t(1+78 ) (1 +ag)'("2))+zjagj(Lnagj.aneﬁ) +
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agr(Lnag -Lnp® h+agk(Lnagk-Ln((1+r8)pe), -b?,,.n,-egt’)))]}/

[Zzg1g7(1+3g) 20y

1D gz ={lagk (14724 1)(1+3g) TWI(1+17, 1)P1z-Piz 41 (1-B gz, 1)1}
exp{{F'z'ZzstsT(1 +ag)‘(t-z).
(Ln(I,, 4 ssst“"“'es)“ +ag)‘(“z)‘)+Zjagj(Lnagj-‘L'npejt)_+

agL(Lnag -Lnp® +agk(Lnagy-Ln((1+r8)p® i 1-p8 (1 -zg't))m/

[Z25157(1+3g) (M2)])-(1-04,)K
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The problem of minimization of household expenditure necessary to finance a certain utility
_path is described in (141)-(145) of Section 3.3. In turn, first-order nec-essary conditions are
reported in (147)-(152) of the same section. Closed-form solution to this problem can be

obtained in several steps as follows.

Step 1: Qbtains the solution to the adjoint difference equation for the shadow price of utility

_parametric on the initial value q;, :

(A1) Qip=[(1+3) (2N, 4 g cscr(T1+76)]aj; .
. : - /
A /
Step 2: memmwmwm utility:

(A2) FrimZogtgt(1+3) (M2)[2a LNy +(1-ZjapLn(L’-Lip]

Step 3: Gets quasi closed-form solutions from the variational conditions parametric on g;, by
using the solution to the adjoint equation as in Step 1.

(A.3) yi=aj(1+3) (M2, g cop(1+76) a2/ (14 TPy

(A.4) “-'i"-it)=("zjaij)(‘+3i)'“'z)ﬂ_z+1ssst(”'s)qiz/(“”it)PLt

Step 4: Obtains the initial shadow price of utility by plugging the variational conditions as in

Step 3 into the expression for the initial felicity as in Step 2.
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(AS)  qiz=exp{{ F'j -Tpqqgr(1+3) (12, |
[Zjaii"'n[aij/“+Ti‘)pjt]+(1'zjaij)l-“[(1'Ejaij.)/(1-T“)th]+

L1430 DT,y g (T rIIVIE zcrs7 (1423 (D))

Step 5: Plug the initial shadow price as in Step 4 into the variational conditions as in Step 3 to
get the desired gclosed-form solution for the compensated demand functions.

(A.6) ydmalaijﬁ+8;)‘(tiz)nz+1Ssst(1+rs)/(1+Tjt)pit]
exp{{F -Zoqre7(1+3)(12).
[EjaijLn[aij/U+Tjt)pjt]+(1fzjaij.)Ln[ﬁ-Zja;j)/n-Tit)th]a/- .
Lnl(103)" UM g gy (ot Epgrer (1407211
(A7) Lfi"LDit“[aij“*ai)-(t-,zj)hzlxsst“*"s.)/(1"Tit)PLt]"
epll F'j Tpgrer(1+3) (-2,
[):,-aijLn[aij/n+Tjt)pjt]+(1-ijaij)Ln[(1-zja}j)/(1-rit)th]+

Lnf(1+3) ("D g g qr (17T gpgr(1+3) (20
and ianarticular for time z:"
(R8)  y%ijz=layf (1+Ti)pj] expll Fy -Tpgrr(143p (-2),
[ZjaijL"[5ij/(1+sz)P;tl+(1-21aij)Ln[(1-zjaij)/u-rit)pu]+

Lal1+2) M, g o (1) IV, g7 (142 (120)

(A9) L LD i=[(1-Za)/(1-Tip 5] expl{ F'j -Zpcqer(1+3) (12),
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[Zjajbnlag/ (1+T ) pjil+(1 -Zjaknl(d 'Zjaij)"(?‘rit)p’l.t] +

Laf(1+3) (2 5y <o (T4 IV, g 1407 (2D

e A st b it a - e b1 A e &t 0 et n s
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:Agg[ggale Short-Run_Indicators:

(A1) AsREvt=zi{exp[(F'it-Fbi‘t)/zts-sgu+éi)-(s-*)1-1}sn=zcFbi,

(A2) ASRCV=3;{1-exp[Fli-FPy)/T cscr(1+3) (SVISRCFT,

(A8)  ALREV{=%c< 11T, 1<hes(1+PR)IASREV )/

(Ad)  ALRCVi=Zigoctlly, 1<hes(1+ n)IASRCV

(A5)  SRCF(prpeyq sy PO T 18 1iF )=
=exp{{Fj;-Zggcr(1+3j) (S0,
-lzia;jLn[aij/H +T;s)Pjs'l+(1 -Ziajlnl(1-Z;a)/(1-Tig)p gl +

+La[(1+3) (S VT 1, g chgs (141 IMIZgg<T(1437) (S0}
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1/ )

CGE models have been extensively used .in othg; areas of economics. See Shoven-Whaliley
(1 984) for a survey of international trade applications, Decaluwé-Martens (1985) and Robinson
‘(19.86;) for applications in the area of developmerit. James (1985) for ‘a survey of economic
history applications, and A. Manne (1985) -and Borées (1986) foa: all encompassiné surveys.

2/ '

Two models somewhat similar to DAGEM were developed simultaneously with this dissertation
by Goulder-Summers (1587) and Auerbach-Kotlikoff (1987). While the treatment of

" government deficits, financial markets, and expectations remains unique to DAGEM, the modeling of

consumer and producer behavior is essentially the same in the three medels., -
. T /

'3/ | : /

Common expectations are a éon\;eniént assumption. However, since expectations are in general
. not self-fulfilling; common eXpectétions are not necessary f6'r the existence of \equilibrium (see
Radner(1972)).

4/

It has been pointed out in the literature on theoretical general equilibrium that such a
hypothesis, even though' widely assumed, is internally inconsistent. In fact, it is impossible to
ha‘)e a finite number of individually negligible agents. For individuals to be negligible we need a
continuum of agents (see Aumann (1964) on this issue). A possible compromise not pursued here
would be to consider a finite number of agent types, each including a cbntinuum of agents.

5/

It should be emphasized that equilibrium is not defined in terms of action plans, current prices,

and price expectations such that all markets current and future are cleared, as would be the case

with a rational expectations equilibrium concept. (See Radner (1983) for a survey of general.
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"equilibrium models under uncertainty.)

6/

These assumptions are sufficient for existence.and uniqueness of optimal’intertemporal output
plans: even with c;anstént returns to séale technologies (seé Pereira (1986, 1'987) on this issue).

7. '

In this model, the government decides on the qptimal imertemporal’gpending structure.
Howe\)er; the ta;z_ system is not a decision vériable; it is institutionally given. This behavioral
assumption is made for simplicity, and reflects the 'political rigidities associated with changing the
" tax structure as opposed to spending decisions.

8/

;I'lie fact that government acts in a benevolent fashion is not welfare reducipg. In fact, the
govetrnment optimization process is confined to the spacé of a public good wh}ch’only enters private
utilities in a stro_ngly separable way,anc.i\ is,_‘not subject to markei pricing. Zéee Tesfatsion (1984)
on the inconsistency of benevolent gos‘/ernmem behavior.) . |

9/ | |

- L shduld be noted that a satisfactory rationale for the existence of dividends with the present tax
code is rﬁissing in the profession (see Shoven-Simon (1987)).
10/
Thev_baSe case with the DAGEM essentially reproduces the main relationships in the U.S. economy.
In particular, household behévior implies an average savings elasticity with respect to interest
-rate of .20. This is well within the range of values in use in the CGE literature. On the other hand,
household behavior implies an average labor supply elasticity with respect to wage rate of 1.11.
- This value is at the upper bounds of the set acceptable values (see Lucas-Rapping (1970)).
11/

Unlike Shoven-Whalley's GEMTAP model, only the strong form of yearly constant felicity is

avaiiable in tHE.DAGEM (see Ballard-Fullerton-Shoeven-Whailey (1985) p. 152).
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12/ ' : .

The distinction between the decision time fram‘e - decision horizon - and the number of

equilibrium to be computed - equilibrium horizon - is very important. In fact, given the terminal ’

conditions for ecbnomic behavior as in (11), (32), and (5;7). strong terminal effects should be

- expected were the model to be run for a number of equilibria equal to the decision time horizon. In

-

'gurn, such terminal effects would severely bias the evaluation analysis. By introducing different

decision horizon and equilibrium horizon, the terminal effects may be virtually avoided. Still, the
economic decisions in the equilibrium horizon satisfy _the' terminal conditions for economic
behavior as global consistency requirements. For ex'ainple. while the ‘government is not

constrained to balance revenues and expenditures over the equilibrium horizon, the intertemporal

“balanced budget condition is imposed over the decision horizon. The government acts as though,

.given enough time, public debt will be repaid even if that is not necessag}ly’the case within the

. V4

_ . /
equilibrium  horizon. K /
\

13/

The simulation results are precise in the sense that they are robust to roundoff errors and are

- not affeqtéd by the degree of accuracy in the computation of ecofiomic equilibrium.

14/

The efficiency results generated by the DAGEM tend to be robust to small changes on the

- adjustment cost parameters around the original values. While this is a desirable sensitivity

énalysis result, the nature of the problem here is different. The V"true" original values are not
known with an acceptable degree of confidence. The parameter values used in the paper may be far
off the true _yalues. |

Notice first, that to a large extent this problem is shared by any of the other dynamic CGE models
with adjustment costs. Second, if it is likely that with the true parameter values the quantitative
results in this model would be somewhat different, the qualitative results would not be likely to

change.
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TABLE 1

CLASSIFICATION OF INDUSTRIES AND CONSUMER GROUPS IN THE DAGEM

CONSUMER GROUPS -
(Households classified by $Thousands of 1873 gross income)

-

Group # 1 0-6
Group # 2 6-15
Group # 3 15+ P
\ o '//
\ INDUSTRIES
Sector # 1 Agriculture, Mining, Energy
Sector # 2 Food, Textiles, Paper, Chemicals, Lumber, Metals
Sector # 3 Trade, Finance, Real Estate, Services
Sector # 4 Capital: Construction, Transportation, Machinery
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TABLE 2 . '
BASE CASE PARAMETER VALUES AND STOCKS FOR EACH INDUSTRY
SECTOR 1 SECTOR 2 | SECTOR-3 SECTOR 4 -
Agriculture Manufacturing Services - Cyapital
General Pafameters
‘Cobb-Douglas Labor Share . 0.4 0.8 0.7 0.5
Adjustment Cost Parameter 0.035 0.02 0.025 0.016
Depreciation Rate 0.089 0.07 0.067 0.085
- Equity/Capital 0.84 0.78 0.35 0.81
"~ ‘Retention/Earnings 0.63 0.3 0.28 0.25
Tax Parameters e
Old Tax Law 7
Corporate Tax 0.0 | 0.46 0.3 0.45
investment Tax Credit 0.038 0.04 0.013 0.039
.Depreciation Rate (Tax) 0.203 0.13 0.124 0.128
Labor Tax 0.09 0.08 0.09 0.09
Sales Tax 0.024 0.02 0.01 0
Tax Parameters
Current Tax Law
Corporate Tax 0.01 0.3 0.2 0.3
Investment Tax Credit - - - -
Depreciation- Rate (Tax) 0.15 0.9 0.8 0.9
Labor Tax 0.09 0.09 0.09 0.09
Sales Tax 0.024 0.02 0.01 0
Stock Values
Capital 795 946 - 2509 110
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TABLE 3
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BASE CASE PARAMETER AND STOCKS FOR HOUSEHOLDS AND GOVERNMENT

'LOW INCOME | MED INCOME HIGH INCOME| GOVERNMENT
General Parameters
CD Share of Labor/Leisure 0.201 0.371 0.65 0.432
CD Share-Sector 1 0.011 0.008 0.008 0.004
-CD Share-Sector 2 0.226 0.203 0.19 0.169
CD Share-Sector 3 0.562 0.418 0.452 0.062
Discount Rate 0.05 0.05 0.05 0.05
Population Distribution 0.38 0.41 0.21 - -
Wealth Shares - 0.06 0.25 0.69° -
Dep.Rate of Governt Capital - - d 0.06
Tax Parameters .
Oid Tax Law
Personal Income Tax 0.1 0.2‘ 0.3
Capital Gains Tax 0.05 0.05 0.05 -
Tax Parameters
Current Tax La\_fv
Personal Income Tax 0.08 0.15 0.25 -
Stock Values
Government Capital Stock - - - 2670
Public Debt - - - 500
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