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Survey of Dynamic Compulationai General Equilibrium Models

for Tax Policy Evaluation

1. introductiion

There is a well established and fast é'ruwin‘g body of literature focusing on tax policy evaluation
using cﬁisaggregé_teé computational general squitibrium (Cé&) models. That such models have become
so popular is hardly surptizing. In fact, the CGE approach has several azﬁvarzzégeé GVES Mmore Macro
' oriéntéﬁ aggregated models or analytical partial equilibrivm analysis. f‘irs't; the CGE methodology
allows the study 6f diffareniial impacts across sectors of produgtion and“%cmssconsumer gmupé.
Second, i aiie_w’s one to consider mel'imérac:icﬁs ameng differenth sectors and agents so that the
~ policy svaluation Is not blased by ceteris paribus mam#ﬁo&s‘. \Thi:‘d, ‘and ina mo}e technical vein,
ft makes nsé of flexibie \campataﬁcnai numerical techniques. Analylical iools ofien betome
intractable for disaggregated models. Furthermore, the CGE modeller does not have to be confined 1o
small changes in garametgrs, This iv an bnportant feature, because large changes in policy
paramelers are often contemplated in most tax reform proposals.

Mistoricaily, the field was fostered by the early pioneeﬁzzg wark' of Harberger {1889, 1862,
1966}. Harberger uses a highly aggregated analytical model to focus on the laxation of capital
income. The first fully disaggregated computational general equilibrium model was introduced by
Shoven-Whalley {1872} {o evaluate the effects of differential taxation of income from capital in the
Us.

Until the eariy eighties most empirical general ‘ec;uiizt}rium work for tax paolicy evaiuation
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followed in ghe tradition of such wnirib;zz%otzs, and shared the same generic characteristics. These
models exclusively emphasize the real side of the eco;wmy. The ’e:‘:;ommic environment is basicaifg
static, tnve.stme,m passively adiusis fo saving.” The typical instruments in the U.S. tax system are
modelled and the government budget is balanced. Thfi&'sza’ie of affairs is discussed and surveyed in
Shoven {1883}, Fullerton-Henderson-Shoven (1984}, and  Shoven-Whalley (19843,

More recently, the thrust fowards befter descriptive power together with the nature of the tax
policy issues under analysis - effects of a consumplion lax, ¢apilal taxation, corporate tax
integration, et - has induced impertant ‘deve%pmenis‘ There have been attempts io incorporate
life-cycle behavior, intergenerational issues, allocation of savings, investment decisions and
aé}usmem costa, corporate financial decisions, and government deficits, in o the CGE models.
Underlying alt gi these fegtures is the need o endow the modals with a c{yne;mfc structure, without
| whi::h most of the above issues canhot*be g{iequately addressed.

¥

The first efforts to irzcarpora;.e dynamics inwlz?ze CGE lax models ars associated with
Fhliez:m«S{wvenww&aﬁey (1"9?8,‘?981. 1983}, Consumption decisions incorporate some
igz&rzamporai aspects anﬁ an intertemporal equilibrium path for the economy s obtained by the
”sequenz;irzg of static short-run equifibria, The equilibra are connected through the evolulion of the
capital endowments which in turn dfe,pend on saving -behavior. A complete discussion of a recent
version of this model I8 provided in Ballard-Fullerton-Shoven-Whalley (1985,
More recently, a whole new generation of models has been developed by Andersson (1887),
- Auerbach-Kotlikoff ({1983, 1884, 1887}, Ballard {1883}, Ballard-Gouider (1985}, Bovenberg
(1984, 18385, 1988}, Erlich-Ginsburgh-Meyden {1887), Feltenstein (1984, %93&}. Goulger
(1888}, Jorgenson-Yun (1984), Pereira (188¢b, 1987c, 1887d), and Coulder-Summers
{1387).

This arlicle focuses on such efforts. Qur scope is narrow. By concantrating on decentralized
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numerical general quziiiz,sr%am modedling éesigne# to address tax gaii{:y issues, we absiract from
"severai other refated areas and approaches.  First, we abstract from ana!ysiz: motiels along the lines
of Abel-Blanchard (18831, and Judd {1885). Second, we 8?388“832 from centralized growih-lypé
mcgézs of taxation like Chamley (1881, 1982). ”f}t‘itd, we abstract from centralized models
assac'ia%ed with Warld Bank researchers, See, for example, Adeiman-Robinson {1878} and
Der;f{s’de Melo-Rebinson {18811 Finally, we ahzszraﬁz; fmtéx other CGQ fieids, 35&, for éxampie,
Shaven-*&’ha%ley‘_{i984} for a survey of 'Eniamat’;zmai frade applications, Decaluwé-Mariens
(1585}, and Robinsen {1886} for applications in the area of development, James {19858) for 3 »
survey of economic histery applications, and A, &éarma (1886), and Barges (1588) for all
encompassing sz;zweys,
The modals included in our comparision are;
1. Ballard-Fullerton-Shoven-Whalley (1985) .
2. Anldersson {1987}
BT Auerbach-Kotlikef (1983, 1987)
4, Bailard {1983}. and Ballard-Goulder (1345)
5, Bovenberg (1988, 1986)
. Er!ich-ﬁinsbwgﬁ-}-{eyden {1987)
?.. Feltengtein {1984, 1888
g, Goulder {1835}
8. Goulder-Summers {1387)
10, Jorgenson-Yun {1984}

11. Pereira {1888b, 1887¢)
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The key features of these modeis are summarized in Tébh;s 1, which pm;zides a structure for the
gdiscussion, Most of the modsls that wé gxaming could be sajd’ to be in the "Yale tradition’, That is,
thay w&_{%: developped by students of Herbert Scarf or students of the students of Herbert Scarf.  This
includes Ballard-Fullerion-Shoven-Whalley, Anderssm;, Ballard-Goulder, aé’o'venberg, Feltenstain,

_Gwider, Gagider&;mmers, and Pereira. ~ The exceptions from this heritage are Auerbach-
Kotlikoff, Erlich-Ginsburgh-Heyden, and Jorgenson-Yun,

This survey is organized as follows. The second section provides a brief overview of
‘non-dynamic’ CGE models, The third seclion offers a discussion of mcdetiing economic behavior and
equilibrium, The fourth section focuges on model im;ziémwiaiiwz and policy evaluation, The filth
se&tim symmarizes smpirical evidence on selected policy is‘sms* The sixth s_ecﬁcr: iflustrates the
pov:*er and weaknesses of dynamic modelling with the issue of corporate tax integration. Finally, the
laslt seciion summarizes the state;ofv%the-art in terms of dynamic' modei!iﬁg for tax policy

evalution, and suggpes!s areas of future research.
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Consumars' Behavior

cendaeg, Ovariap.Baguns)

k’:auntry yeay dynamic disagg. objeciive tantas consirslat epdog.
ef data {seiting labor 'u, savings gensrat. motives
Baliard-Fullerton- infertemporal " "
~Shoven-Whalley us 18673 yos 12 iscome | uiilily CES intertempural  yes yes . no nG
$985 groups max i
Andersson o Intertemporal recursive
1887 Swoden 1484 yes  aggregate  utlily ES ey. of molien %3 yos ne a0
CONSLMeYr max for weallh
Auerbach-Kotitkot! interiemporal isvelastic. no-1983
1983, 1087 HES plavsible/ |  ves 55 zae bty 1883/ Interlemporal yes- 1887 yes y65 NG
hypothatien? cahorts max CGES-1087
Balinrg-Goulder intertemporal .
1§83, 1086 (B 1879 yes 55 age ulitity isoelastic Intertemporal  yes yes yos vas
BFEW axpandad cohoris max
Bovepbery ong  Inlerfemporal’ recyrsive
1985, 1968 \B plausivies yes  aguregale  uliiily {soolagtic eq. of molion no - yos no e
hypathetical LONSUMer max for weallh ,
Erilch-Ginsburgh- one  latertermporal ’
-Heyden Balgium {1888, 19831 vyes  aggregsie  uiility Stone-Gearyinierlamporal . no yes no o
1687 ' consumer  max : ' - ‘
Faltenstein \ intartomporal two paried - two _ yos
1984, 1938 Australia] 18811882} yes 2 income uiility w yearly yes in the fist  no G
{2-period] gmroups max constraini parjod '
Gouldar interiemporal X
1988 L§ £973 yos 55 nge utility s indertemporal  yes ¥es yos  yes
BFSW axpandad cohorls rmax N
Gouldor-Summers ona  interlemporal ,
1987 B 19878 yes - aggregate  ullity  Isosiastic intertemporal no YRS . no [
BFSW sxpanded consumer  max _____ {leg}
Jorgenson-Yun ’ ane  intertemporad
1984 15 1855-80 yes  aggregale  utilily translog intertemporal  yes yes no no
consumer max
Parelra interiemporal recursive
1086, 1987 s 1873 yas  3income  ullifity C-D eq. of mofion  yes yos o o
BFSW sxoandud Groups max for waallh
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E’roduca::s* bahavior

dynamic

dlsagg. i obiactive technoiogy Inpuis 1-0  ad}. c¢osis optimal
satling malrix capital  stock
Batiard-Fullsrton. stalic CESin capital no -
~Shoven-Whalloy m 18 sectors cost min valug added;  labor ¥as o Inves!, adjusts
1685 ' §O ' 1o savinns
Andsrsson max of capial Yas
1987 yes 2 seclors | intertemporal o0 labor e quadralic in . yes
ne! cash flow i
Ausrbach-Kotlikeft no-1983 . cost min-1883 - camiel FO-18B3/
1483, 1887 yas-1887 1 sectyr | /max of value CD-1883 tabor i quadratic n ves
of the lirm.-1987 CES-1887 R-1887
Ballard-Goulder static LESin capital no
1983, 1885 e 18 sectors cost min value added; labor yas no invest, edjusts
His o savings
Bovenbeory mux of capdal yas
1985, 1088 yos 2 seclors value of the m labor w quadratic in yos
flrm . {7k
Erlich-Ginsburgh- siati COIn savoral no, giabal
-Heydan no 24 sotlors sosl min value added; capiial, yes na invest, aglusis
1987 : HO fabor to savings
Feltanstalin . static Lhin capital ne; invest. mdjusis
1684, 1980 no 30 sectors cost min value added; labor yos no 1o savings net of
110 gxoq. govl, deficits
Goulder static CESIn capital 3]
GRS re 4 saciors cost ain valus added; labor yoas no invest. adjusis
‘ 110 to savings
Goulder-Summasars oy of CE&in " . coapital yos
1987 yas 5 sectors vaiue of the  value added; ™ tabor yos  gquadralic in yos
firm WO N y 1k
dargonson-Yun one sector gqguivalent o | dual capital
1084 no provucss two-siages Iransiog labar o no yos
twe goods cpsl min prica funclion
Porelrs max of Cobb-Douglas eapital yos ‘
1988, 1987 yos 4 sectors | intertemporal  InV. Added  labor yos  quadratic in yo8
net cagh flow Hie) £
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government

behavler foraign sacior
dynamic objective consirainis expendilure dalicils sndogénous jgxes :
satling aliowed doebt
Batlard-Futllerton- yoarly yoarly sndogenous : ail major balanced trads
~Sheven-Whaltey no public ulility  balanced . composition; no no dein UJS taxes with congfant _
198% max budgat EXP=REV ’ aiaslicly funst.
ANGRISSON yearly balance; ' all major small opan econ,,
1487 no - inifial dubl #X0OONOUS] % mw C Swadish  dntern. rate of return
maininined EArstEyY 03 inuces opoetyt £ a
Auprdach-Keliikal3 wi mojor
1943, 1887 03 - intgriamporsl BROgeERTIS yas yas 18 taxes clogad sconomy
hond-financed  {non-oplimah)
Halard-Gouidar yaarly yearly endogandus afl major malaneed frads
1983, 14885 ne public uliily  balanced semposition; (F'v] iy cheby LS taxes with ¢ongiant
max budgat EXp=RaV slasticlty funat,
Bovenberg , yaarly . simptifiad | 1885-closed econ,
1985, 14988 a0 - batanced eX0Qenous " no debt US taxes | 1988-lwo country
hudnet : Cmodel
Ertich-Ginabuegh- yoaarly simplified | interd. well funcl
~Hoydsn ro - balanced B8X0GencUs; o o0 Belglum fshorb-run brads
1987 budget EXP=REV jaxes desiouitibrium
Fattonstain mdm cosis of  ysary, yes simplifiad § rast of the world
1684, 1986 ) producing & ExpzTax Rev . sxogenous finenced with yos Australian | a3 a (hird consurnet
public good ' monesy and bonds {non-ontimal) laxes group '
Gouidaer ' yaarly annual and endogenous all - major :
19835 yos  public ulilty Inlertemporal  composition; | yes yos LS taxes wlosad sconomy
max versisng DEFLEXP=FEY bend-financed  {non-optimal} ¥ . o
Goulder-Summers yaarly yoarly endoganous ' T sl major balanced Yads
1587 m public ulllity  balanced composition; " £ US taxes with constant
max budast EXP=HEV * algsticily funct
Jorgenson-Yun yoearly , ' alt major
1684 "o - batanced axogenous 0o no US taxes clesed scanomy
budgel
Yeorelra intertemporal  recursive endogenous all major
1988, 1687 yas  pubdic ulitity eq. of molion fevel and yas yas LS taxes ciosad sconomy
MAx for dabd composilion hond-financed foptimall
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tinanciel noseis and marists

oaullitriuem
private debt/ aividend/ purile ahiocation riok tims i¥pa axpacl,
aassls equily  reiention dobi of spvings promlums path
Ballard-Fullarion~| phys. cap/ used o buy ’ ' SOGLONCH .
+Shoven-Whalley | no financial  exggenous  exegenous Bo physical n , of sialic T myopls
1488 ggsels ‘ sapial | e,
Andersson phys. eapf usad to buy _
1987 ne financial no nG yas physical no dynamic F perfost
asseils capital
Averbach-Kolllkot!| phys. cepl ) usod o buy
1983, 1847 e financial " 7 yas physical cap. no dynamic 9 parfaci
assals and gt debt
Baltard-Gouider phys. tap./ used to buy
19683, 1888 no fnanclal  excgentus  exogenous ng . physical no dynamic i peoriect
assoily capial -
Bovenberg phys. cap./ used to buy )
1885, 1968 nG fingnclat " 1) no physical no dynamic Pr porfect’
ASEHlS capital : ycontinuos timal B
Ertich-GInsburgh- | phys. capJ used 10 buy
«Hayden na Hnanclal no o e physical no dynamic ¥ parfpct
1 GR7 assels canial (iws porinds)
Felignsteln phys, cap.f usad 10 buy .
1984, 1988 invesiment is na no yes physical cap. o dynamle Pr perfect
bond-linanced gnd govi dabt + {1 fhwo' poriods) )
Goulder phys. cap./ used to buy : -
1945 no financial  exogenous  sxegencus yos , physical cep. oo dynamic PEAR . parfeci)
assols ’ and govi debt : statle
Goulder-Summers | phys. capJ
1987 bonids and no EXTYRNOUS ro “wsed to buy yos dynamle PF perfect
Bauity bands, equity  {sxogenous) '
Jorgenson-¥un phys. cap./ used 1o buy twa ne
1884 ng financial mw no n typos of physical dynamlic 2 O periact
assais cupital )
Perelra phys. cap./ used to buy
1886, 1987 bonds and exogentus  exagentus yes govl debt, 1o dynamic TE flexible
' " aquily bonds, squily {non-poarlect)
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implamentation . policy evaluation
calibration parametsr compuiztion sqGiiibrla . egual {ax policy avalusiion etticlency
gerlvation  glgortthm compoyed yioid indicstors eftacts
Baliard.Fulierton-] base year back. soiution ' sleady-sials yos iMargroup iniewemq‘aai
~Sheven-Whallay ] replication  wilh exog. Marrili's vs, fransition lump-sum, with Intartemporal
{985 paramolsrs algorithm - sleady-siale pers. ing, YV or BV :
Andersson base yasr back, solution SIMMON package, sinndy-sials nae aggregated inlergsecioral
1947 replication  with sxog. variant of vs. {ransifion no indicatur Intertsmporal
parametars  muliinie shoolin sleady-sigis
Auarbach-Kotiika!§ qualitalive by - sleady-state ¥o8 infergenarations
1953, 14687 replication assumptiéni Gauss-Seddel vs. lransiifon any rig veilh interlempotal
sansilivity stondy.siaia rojusls G0 mansiD intoroenelal
Ballurd-Gouldor | base year bach soksion Baliard- sieudy-siats ¥yes iwterscclore’
1883, 1385 replicalions  with axog. Goulder " vs. lransiion ump-sum, dynamic GV intartemporal
sisady sizle paramslers algorithm +sleady-gtain peors. inc, intergenerat.
Bavenherg gunlitative by dynamic version | 7 steady-siols yes )
1885, 1928 replication assumplion/  of Johanson's ¥5. lransiiion  same govi Cv Intertamporal
sonsitivity Bnearization methodi  +steady-sials  expend. palh
Ertich-Ginsburgh- {2 base yaars back. solullon variant of Negishi's] aclual vorsus ne aggragated inlersectoral
~Heyden roplication  whh exog. opiimization counterfactusl w indicatar intarntsmporal
1987 paramators appraach ) '
Felienataln Jbase year back. solution sotual versus no sgoregaied intersactoral
1584, 1806 replication  wilh exog. Maerrit}'s countariaciual % indicalor Adntartemporal
. parameiers algorithm 16811882 )
Gouider base yesr back. sclution variant of sisady-slate intsrsacioral
1985 raplicalion+  with ex0g. Fair-Taylot/ vs. transition ne . dynamic CV interiemporal
sloady stals paramelers Nawlon +slaady-siaie Interganeret,
Goulder-Summers | base ysar back, solution variant of stesdy-stnte fixod . no sggregated Intersecioral
1987 reptications with exog. Falr-Taylor/ vs. {ransilion  govarnment indicator Inmtartemporal
steady state paramaters Newton +sioady-s1ais spending financlal
Jorgenson-Yun sconomelre | siaady-siaie Monsey melic injersacioral
19584 - - asiimation ve. fransilion no ‘soclal wslfarg function intartemporat
seigady-siatn
Parairs qualitalive by KPSR, optimal path yas ganeralized interssctoral
1988, 1887 replicallon  sssumption/ oplimization V5, ump-sem, dynamic Intsriemporal
senshivily algorithm optimai path pers. ine, CV or BV financia}
. )
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pulicy jssues

Baltard-Fuliarton- intergration; consumplion iax;
«Shoven-Whatipy VAT, capila! ar labor tax
1685 changes
Andsrsson
1987 consunption lx, neulral corporate tax system
Averbech-Kotiikotl! consumpltion fax; capital vg Wibor taxsion

18483, 1887

sifocts of taxation on capital formaticn
dynamic fiscal policy; effects of governmeni delihiy

Bisilard-Geoulder

affoets of the adoption of 8

1983, 1985 pure consumption (ax;
imporiance of rons. foresight
Bovenberg anaiytically orisnjad epproach; -
1985, 1686 effects of purs consumplion tax;
coapital income {axation in apen aconomies
Eriich-Ginsburgh-
~Heyden raal wage policies in Belgium
$387 .
Faltensteln 1934 - thuorotoal
16984, 1888 1988 - fineacial crowding out
Goulder affects of tax- vs bond-financad
1985 changes In public expandilure
Goulder-Summers torporala lax culs: reduced
$987 §TC; increnss in gasoling taxes

Jorganson-Yun

1984 olffects of saveral programs of tax raform
on the allocation of caplal
Pareira
corporate lax Integration;

1eg8, to87

alfocts of ro-infroduging  invesiamnt tax credits
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2. ZBrief overvisw of ‘non-dynamic’ CGE models

The origin of most of the models we survey goes back 1© ihé work of S;:arf {1867, 1973}, who
firs“t'developed a reliable algorithm to compute equgt'itﬁfium prices for a Arrow-Debrey economy.
His :a‘!g:?rithm used simplicial subdivision techniques and can be shown to be the computational analog
of the fixed point theorems previously used fo pmve‘ the ’existencé of'equiiibrium, His technique

could solfve a model with an arbitrary number of consumears and commodities, as long as all agents

were price takers, consumers were subject 1 bé;ﬁgei constraints, demands were continuous, and -

production did not display increasing returns 1o scale. The algorithm, while guaranteed o converge,
was relatively slow for preblems involving more than say, 20 dimensions. A major improvement in
computational speed was offered by Merrill's algorithm (1972}, which used the same fundamental

P
ideas as Scarfs procedurs. ,/

Scarf's modal (as is true for the standard Arrow-Debreu model) does not include a government
se{:!cr . neifiﬁer taxes nor public goods. As one of the most promising applications of the new
‘cez:?paiazienai fechnique was in the area of tax policy evaluation, Shoven and Whalley (1873)
extended the genaral equilibrium model and computational approach ¢ include a wide aray of faxes
and a govermment spencing plan. The original Shoven-Whalley model was static {although the
difierent commuadities could be considered similar goods availabie at different dates, as In

Arrow-Debrou), and government was assumed 1o run a balanced budget. The data are arranged as a
social accounting matrix. The model's specification and calibration is checked by solving it in the
;;resence of the base set of taxes. The result should be exactly the initial sociat.accounting matrix,
Afier having passed this replication check, the model is solved for a counterfactual equilibrium in

the presence of 2 new tax design. The result s once again a sccial accounting matrix, The two

equilibria are compared in order fo cssess the impact of the new tax plan. The first uses of thig
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_.medel for jax paolicy evaluation were Shoven-Whalley {!9.?2), Whalley {1875), and Shoven
(1978). ' | o

Completely static models as Shoven-Whalley's are unsa:isfaczcrg;v for many tax reform issues.
These inclide corporate tax infegration, effects of investment tax credits, effects of accelerated
depreciations, consumer or axpenditure taxes, importance of saving subsidies iike IRA's, ete. These
are essentiafly dynamic issueg.  They invelve not only the alloczatim‘ef capital across seciors, bt
parhaps more important the capital intensily of the economy.” But, the capital accumulation and
capital reallocation take time and may im..;o%ve adjustment costs. Because 'aof these issues, Ballard-
~Fullerton-Shoven-Whalley ook the first steps towards developing a dynamic model,

“in z?z\is context, the Shoven-Whalley mode! has been extended and implemented for the U.S,
eccn;amy in EBa§§§rd-FuiieﬁpanhwemWhél!ey {1885). While this book ocimpi;%efy docurmnents the
aiaf.%el. it was used in several publications beginning in 1878. Their m?}dei consists of ainstaen
production seciz;rs. twelvs 2;0{;3eholds,'a¥z{; f%ile&ﬁ consumer goods, It includes a very detailed set of
taxes iaciudirjtg the federal and state personal income taxes, federal and siate corporale income 1axes,
S;:géigi Security 118, pmﬁer{y taxes, unemployment insurance; excise taxes, sales laxes, efe. H
has been cafibrated to reproduce the 1973 UGS, econoimy. Recently, a version corresponding 1o the
1983 1.5, economiy has been developed,

The Ballard-Fullenion-Shoven-Whalley model is dynamic in the sense that coasumaers face 3
- ¢hoice between current gonsumption and leisyre versus hsuore consumption (which can be
" purchased via savings). The consumer clazses zct as if they were n';aximizz’ng a nested CES utility
function over the domein of & CES aggregate of contemporaneous consumer goods and leisure, and
future consumption, subiect to their income constraint. The parameters of those functions
determine the shares of income devoted 16 cach commodily, o saving, angd to the purchase’ of keisure,

They also determine the two key elasticiiies in the models - the elasticity of labar supply with

W T T
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respect o zﬁe\feat Ia%:er' 1ax wage rate, gfzd. the slasticity of saving with respect 1o the real after tax
© rate of return to capital

In the model, consumers have myopic expeclations regardkig future gréces and, in particuizr,
zegéfding the future rate of retum 0 aagi;ai. #éiiard (1983), and Ballard-Goulder (1585)
incc}pcraie bc;h“per?ect foresight and limited foresight into this model. Future consumption is
‘ac:quired‘ by buying a fixed composition partfolio of breal 'investmeﬁts ihat oifer an infinite annuity

of returns.

The production side of the model i§ complately static. The mode! Incorparates a constant -

plasticity of substtution hetweeen primary inputs in production {capital and labor) and fixed
cagfiizzien%s ia% intarmediate inputs. The model distinguishes belween industrial outpuls and
consumer goods for the simple reasen thatl the data are classified differently. Industrial seciors
invelve such categories as forestry and fisheries, metal mining, and qu’i‘;;hing and printing, while
consumers purchass {uriiture, attomobiles, and books. This fact is recognized in the model by
ingerporaﬁng a second stage of production, which converts industrial outputs inlg consumer goods,
This technology is ususily medelled as a3 fixed-coefficient conversion matrix,

' The Ballard-Fulisrton-Shaven-Whalley model assumes that the private sector finances
marging! invesiment with the same compasition of debt and squity as currently exisis in gach sector,
This is the same ansumption that Harberger originally used. Investors all hold debt and equity in the

same proportion.  Thorelors, this ownership gan be aggregated into simply capital ownership, For
tax purposes, however, the separate troatment of debt and equily is taken inte account at both the
corporate and personal jevel.  Similarly, the dividend policies on corporale equity are established
exogencusly, There are no government bonds in the mode!, since there are no government deficits,

The madel is solved for a sequence (as many as 100} of temporary equilibria, with consumers

aliscating income batween present and future consumption at each peint in time. The pathwﬁzr the
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aconomy is; a set of connected equilibria. The ;::onnecﬁm is provided by capital accumulation.
Capital accu__mulation is endogenous and determined by saving. _The mode! starte with a sociat.
accounting maiix. In tha baze case the aconamy?is assu'{n,ed 1o be in a steady state growth path (along
which all relative prices sre constantl. The moda! solves for both the new sleady stats growth path
and th‘e transition 1o it 2fer a policy intervention,  The authors have frequently addressed the
guestion of how’long it takes o effeciively seftle unto 2 new steady state growth pazh;

The dynamic;s of the model are limited, however, in that fulure consumption is collapsed into &
composite commodity.  Also, the absence-cf government deficits and the Jack of production dynamics
%im_izs the realism of the Ballard-Fullerton-Shoven-Whaliey modsl for the analysis of dynamic
p&?izzy issues {such as the adoption of & consumplion tax ¢r the elimination of the invesiment tax

-~

cradit}. The modsls we survey try to improve upon the Ballard-Fuflerton-Shoven-Whailey
y £ ;

dynamic modelling. The models incorporate more forward fooking behavior. They improve the
dynamics on the consumption side of the economy, and some of them intreduce true dynamic behavior

on the part of the producers.  We turn now 10 the issues nvolved in developing such dynamic models.
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3. Jssues in the modelling of dynamiz behavior

.

We will ook fitsl at the specification of economic behavior of consumers, producers,
government, and the rest of the world.  The modelling of coporale and household financial decisions

is then addressed. Finally, the concept of equilibrium is discussad.

3.1 Consumers’ behavior
Early efforts to build dynamic features into the economic behavior of consumers are due o
Ballard (1983), and Auerbach-KotlikoHt (1982, 1984). Their work has been closely followed by
several subsequent authors. In fact, dynamic household behavior is the single most pervasive aspect
. . ,r'{
amohg the models surveyed, ‘ S

All the maodels incorporate some form of life-cycle behavior. Housshold behavior is detarmined

by the maximization of an additively separable, time invariant intertemporal utility function. The

‘uﬁﬁiey funciion is defined over the domain of the consumption goeds in the economy. In most of the

models, leisure i also an argument In utility, 50 that labor supply is optimally determined.

Uhility maximization i subiect o a lifelime i;zief:emporai budget congtraint which equalizes
the present value of consumers’ Income and expenditure. More recently, in Andersson {1987},
. Bovenberg {188E), and Pereirg (1838b, 19874}, the constraint is defined as a sequence of
_ 'tgcafsitfe equations of motion on wealth., This has the polential advantage of accomedating guidity
conskraints, Howsver, It should be recognized that in the absence of liquidily consiraints {i.e. when
 consumers are free to complately horrow against future income), the two specifications of the
household constraint are essentially equivalent. Furthermore, in both versions saving is optimally

defermined as a way of transfering wealth imertemporally.
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Sc‘me rpaﬁeis now have & sophisticaled dynamic‘speciﬁcaiiaa of hoéseheic}. In Ballard {1983},
Ballard-Goulder {1985}, and ﬁuerbach%aziikcff {1883, 1984‘.‘193?}, sonsumer's behavior is‘
embedded in an intergenarational setting. Each of them has 55 age cohorts simulataneously aive.
Some measure of intargenerztional altruism is wnsicﬁwe‘d in the form of bequest motives, In Ballard
{1983) and Ballard-Goulder {1885}, consumars derive utillly directly from  bequething part of
their wesalth. Thereforg, beGuests assume the form of 2 sorap é&iae of terminal wealth of 2
ganeration,  In Auerbach-Kollikeff {1883, 1984, 1887), each generation empathyzes with the
utility of future generations over bequethed wealth. In a:édizién, 33"5\:&{‘1383} includes detaited
demographic profections with the intent of imorporatigg in the policy analysis the effecis of the

» Post World War |l baby-boom.

. irz the real world, household decisions aiso include the optimal allogazfoa of saving amoeng “

alternative physical or finznclal assets. Theories of household portfolic behavior are relatively
well-established.  Howasver, they inizeiw\zzftcerfainty as a crucial elemeant. Accordingly. they have

not been incorporaied in the context of the deterministic dynamic models we survey here.  We will

come back-to this issue below.
3.2  ¥Froducers' behavior

The etiorts o bulld dynamic fealures inic the economic behavior of producers are more recent
~ and less widely adopted. The first altempts are due to Bovenberg {1884, 1985) and Summers
{1985}, Dynamic behavior has been more fully incorporated in the recent models of Andersson
{1887}, Auerbach-Kotlikoff {1887, Goukder-Summers {1887}, and Pereira {19286b, 18874},
Part of the reason why production side dynamics has been more siowly adopted is the weak

supply of accepted theories referring o the dynamic behavior of the firms.  In the models referred

b
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¢ above, c;:ynamic production andg invesiment behavior are 'ind;.med by the existence of capital
'agﬁ;uszmwz costs and linked to Tohin's g theory, Adjustment costs are desiﬁﬁed to capture both the
incorplete mobility of capital agress industries and iz_zszaﬁatimz ;:z)sis fi.e. the costs of adjusling
ca;aiivai wwwards its optimal level).

ﬁ:djusimeni cc:.sts can be conceived as internal to the firm and measured in lerms of foregone
output along the lines of Locas (1887). Alternativeliy, adiusiment cos;s ¢an be viewed as actual

external éczs;is incurred fogather with the puréhase costs, along the lines of Gould {1968), With the

exception of Pereira {1988b, 1987d), all of the CGE authors follow the former approach. .

The firms in the economy maximize their market value, as the present éiéccaazeé value of the
future stream of dividends. In Andersson (1987}, and Pereira (1988b, 1987d), firms are seen as
maximizing the present discounted value of net cash tiow. Maximizatioq, is constrained by the
adjustment cost téchnaiogy‘and an  equation of motion describing the evglinion of the capital stock.
it should bs notad tha! under ,emgém;iis dividend/retention rules the two problems are equivalent. It
shauld aise be noted that a satisfactory sconomic rationale for the existsnce of dividends wiiiz the
\pre&em fax cﬁde is missing in the profession {Shoven {1Sé$j}.

‘The models with static formulation of oroducers’ behavior dre characterized by passive
investiment behavior. Investment merely accomodates to saving in the eccnomy.  With a dynamic
formulation induced by ad;‘u;stmem costs, real investment decisions are forward looking, Investment
s endogenously and optimally determined by the firms. A fundamental difference between the
-short-run in which capital stock is givétx, and long-run in which the level of capital is zliowad 1o be
optimally determined is emphasized.

This eglra richness of production dynamics is not without costs. A careful Jook at the summary
tables will clearly show an inverse relation between the adoption of dynamic features in production

and the level of disagreggation of the producticn side of the egonomy. In fact, with production

I P
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. dynamics, the dimension of the problems is immensly increased. Let us be more specific.

In a static framework with constant returns 1o scale productio'n technology, the output level is-

indeterminate. The optimal aliccation of inputs-s can E_ve. obtained by cost minimization, with any
fez;sible output level generating zero profits.  Such zero profit conditions are used o solve for the
output -prices in terms of thz fagctor prices and hence to reduce the dimensionality of the problem
from the number of commcdities and factors to the number of factors. Thus, even it the model deals
with 30 productic;n sectors, the computation of an economic equilibrivm can take place using only
the dimensionality of the primary inputs iﬁ the economy.
hNow, under certain regularity conditions on the production and adjustment costs technologies,
Ieading lo enough concavity of the optimality objective, the intertemporal output path for the firm is
endogenously, optimally, and uniguely detlermined even with constant returns to scalg lechnologies
(see Pereira (1_985, 1987 a)}. Ac_cor_ding!y, with adjustment costs in ’:;he model optimal profits
will in general be non-zero. This résult has crucial implications for the computation of equilibrium
in the models with production dynamics. With adjustment costs, no reduction of dimensionality is
p;::s‘sible. The curse of dimengionality returns as a binding constraint.
_ The introduction of adjustment costs adds another significant complication to the model. With
capital being less that periectly mobile in the economy, ditferent rates of return on capital will
exist in different sectors. This is a difficult problem to tackle conceptually in the absence of
" uncertainty. Also, in the real world, producer maximization choices include also its choice of
'financial ratios (debVequity), and payout rates (dividend/retained earnings). These financial

subjects are difficult and much of this behavior is still taken as exogenous by the modellers. We

will come back to these issues below.
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3.3 Government behavior

Two issues dominate the modelling of government behavior. First, government behavior ha;é
beeén typically seen in the CGE lerature for fax policy e\;aluaﬁcsn as constrained by yearly balanced
budgets (see, for example, &a?iard«Fai%encn-Shmveg;nWhaHey {1985)). The analysis of
government deficils and public debt in a CGE context requires a dynamic setling. Second, the level of
government expendilures is either exagencuiy given as in Auverbach-Kotlikoff {1984, 1887},
Bovenberg (1884, 1085), Feltenstein (1984, 1986}, and Jorgens,{m»‘fun (1384}, or
sndogencusly (but not optimally} delermined by the balanced budget conditions as in
ﬁaflard»gut%eﬂom&hoven-wriatiey {19858), Andersson (1887), Erlich-Ginsburgh-Meyden
{1887}, Goulder {1883), and Gouidaer-Summars {1887, In the second Q_asé, the composition of
pabﬁc expen&{zz;as is oﬂe;'z optimally determinzd. However, the leve of government expenditures
can only bs endogenousiy and opti;n'al§y f:;stermined if the govemment is seen a5 an optimizing agent
and is aliowed to run deficits, 1
| "*"z"he first attempis to deal with the government de'fir.;its in CGE tax models are due to
Auerbach-Kotiketf (1984}, ané Feltengtein {1984). In Averbach-Ketlikoff (18841, governament
expendituras are excgencus, They grow at the rate of growth of population. However, given the fax
structure and tax revenues, yearly deficits and surpiuses are allowed, subject o an intertemporal
- constraint that the present vaiue of future tax revenuss equals the present value of future
“expenditures.

In Fellenstein (1884, 13886), government expanditlures are also exogenously given. He ziso
allows the government to run deficils to finance expendilures in excess fo tax revenues. However,
surpluses are returned {o consumers in the form of transfers.  Accordingly, government is not

subject & any constraint regarding the future repayment of public debt.
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In Gauper {1985}, the govemmen! maximizes ‘a static social wel&aw function subject to &
balanced budget consiraint,  This ioiiaws‘z?ze optimal a¥iocat§m; of government expenditures alpng‘
the lings of Ballard-Fullarion-Shoven-Whalley {1885). The model I8 generalized to allow for
gxogenous changes i the dme path of government e:;;pendiiufes. Two financing alternatives are
considered and contrasted:  additional tax tevenues and mnﬁd issuance,

Pereira (1888L, 172874}, attempts o address both the iaco.rporaiicn of deficits and the
determination of goveinmant expenditures. The path of government expenditures and the path of
deficits/surpluses {and therefore the path for debt} are sndo_genwsiy and optimafly determined. The )
government is seen as maximizing an intertemporal social welfare function given the tax structurs,
Optimization is subject © & sequence of recursive equations of mation reflecting the evelution of the
public debt, allowing for governmaent budget imbalances. it should be stress/ed' ihat this specification
of _iha gm«smm‘em consﬁé%nz ig &Qujivalent to the specification in Auerﬁécb«-}(otlikoff {1983, 19887}
when no liguidity constiaints affect 'gzx:;v@;nmem behavior,

The extra richness in the treatment of government bebavior allows I?te: gxamination of
gfavemmﬁﬁi dabt poiieé&s‘in a wruly dynamic setting. Also, financial crowding out effects induced by ‘
‘government deficits can bhe analyzed (see Auerbach-Kottlikoff {1987), Feltensiein (1988}, and
Pere'ra {1888b, 188740, -

3.4 Forsign sector

Most of the open economy models follow the assumptions of balanced tracde with impost and
export net demands characterized by constant elasticities along the lines of Ballard-
-Fullerton-Shoven-Whailey (18881, Such is the case of Ballard (1983), Balard-Goulder

{1885}, and Goulder-Summers {1887). in Fellenstein (1885}, the rest of the world is treated as
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‘an additional consumer group.

Bavenberg (1988}, develops 2 model in which'two gconomies are considered, each following
intertemporal perfect foresight paths, These economies meét in the international forum. Their
‘. trade relaiionchips are characterized by yearly balanced trade accounts,

None of the nav generation of dynamic CGE 133; models has yai incorporated the international
capital flows as done in Goulder-Shoven-Whailey (1883) for the earlier Ballard.
»F‘uli'erton?ShovemWhalley {1985) model. This is unfor'tunate as there is an important
Enter:em;s&a% aspect o Entem:aticmai tending. The first attempts along these lines are due W
Andarsson {ii;é;?}, and Edich-Ginsburgh-Meyden [15887).  Andersson {1987}, in his mode! of the
Swadish economy, adopis & closed economy appraoch in which rales of return in the domestic
mnumy are largely determined by the intemational capital markels. F“:Egci’mteresz rates induce
international c:if:uta[ flows, which determme and finance the §ntemat§atzai tade imbalances. %n
turn, in Erizchﬁmsburgh»Heyden (1987), foreign irade is generated according to an
interiemporat Zrade- weifare function with constant import and export eiasﬁciﬁas.\ In the short-run
vt%‘ey allow Ezz%emationa% trade inbalances which generate ¢apilal flows 10 the domestic households, |

the long run, however, rade balance is assumed.

3.5 The need for financia! markats

A dynamic economic structure not only provides the ideal environment to model many features of
gconomic ize?zéyiet, it also permile one o incorporate the financial side of the economy. it the
govarmnment is allowed o run deficiis, the question of deficlt financing automatically follows,
investment is optimally determined and returns 1o capital are different across sectors, ;:mbigms of

investment financing arise. |If there are several financial assets in the economy - government
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bonds, private bonds, and equity (or ;impiy ph}sical capital installed in- different seclors}, the
problem of allocation of saving among assets with pot'entiaily different returns arises.

‘The papers surveyed vary greatly with respect to tr)e extent of their_ attention to the financial
sic'ie- of the economy. At cne exireme are the mode‘is in Ballard-Fullerton-Shoven-Whalley (1985},
Andersson (1987), Ballard (1983), Ballard-Goulder {1985), Bovenberg (1985, 1988), and
Erlich-Ginsburgh-Heyden (1987}, which are devoted exciusively to the real side of the economy.
In turn, Auerbl‘ach-KotIlkof! {1984, 1887), Feitenstein_ (1984, 1986}, and Goulder {1985},
allow for government debt. In these mode‘ls saving finances changes in government debt and physical
capital. Private and public 2ssets are perceived by the households as perfect substitutes. The
allocation of saving merely adjusts 10 the relative demands for funds.

Feltenstein (1984, 1986} is the only' model surveyed which in:roduc/es r;loney. Government

/

defi‘cits are financed by issuing money and bonds according to an exoger‘nbusly given rule. Money is
demanded by consumers for 1ransactio;1 m‘otives and an exogenously given fraction as a store of value.
On the o:he'r hand, govc—rnmeﬁt bonds and physical capitgl are the vehicles for the intertemporal
fransfer of wealth. |
Summers (1985), and Goulder-Summers (1987} introduce a wﬁqle menu of financial assets -
firm specific equity capital. Different assets earn different rates of return. However, such rates
are equal up to constant and exogenous sector specific risk premia. Therefore, the introduction of
- constant exogencus 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. Alse, falking about risk premia in a
deterministic context is somewhat unsatisfactory.
Pereira (1886b, 1987d), also introduces a whole menu of assets, private and pub.lic bonds and

firm specific equity. However, all the assets are expected to yield the same rate of return, and

therefore perceived as perfect substilutes. The different asset types allow consideration of
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exngenous debtfequity znd dividend/retenticn ruies and therefore several saumea;; of investment
'ﬁnanciné: bonds, equity and r(e;ained aarnings, |

The non-cptimality of the aliocation of saving, and the absence or exogeneity of corporateh
financial rules i3 a reflection of the Gmitations of the deterministic approach, Either in 2 context of
perfect anticipation éf the future prices, of, in ganézai, within the rsalm of m?nt price
expectations, aif the papers inllow a deterministic approach. Under such cirgumstances, consumers

either expect different rates of return {inclusive of rigk premium) across assets, in which case

they will buy only one assel (that with bighest rate}, or thesv expect equal rates of return, in which )

case they are _indiffera:zz azhout the assel compogition of their porifelio, There is no way of
trading-oft 'ra:es of return and risks 1o obiain an oplimal interior solution ©© the problem of the
a!lc:?aﬁon of saving. : . ’

- The most advanced contribution in the modelling of saving allocation, i;'l a CGE setting is due to

Slemrod (1880, 1983}, in the context of a siatie sne-pericd model.  In his model, consumers act

according 1o a two stage separable decision process. They first decide on how much © save. Then

they. decide on the allocation of saving according to an indirect utility function dependent on the rates

of retum and variances nﬁere@by the different asgats in the economy. The source of riskingss in the
gconoty cofmes from an uf:cenain marginal prod;mt of capital. On the other hand, aside from
portfolic decisions, the rest of the sconomy s insulated from unceriainty.

The most compiste conlribution in terms of the freatment of the comporale fiaancigi rules is
Fullerton-Gordon {1883). In & variant of the Ballard-Fullerton-Shoven-Whalley (1385} model,
Fullertan and CGordon have capital intensity and optimal financial decisions jointly determined
through a two stage provess. The cost of financing capital is minimized by trading off the tax
advantages of debt against the expected real bankrupey costs inherent with high debvequityﬁratios.

Given the oplimal debVequity ratip, the leval of investment is chosen such that at the margin the

ey s b s Trin, e S p—
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return on equity equals the return on bands plus an exogenous risk premium,
3.6 Market assumplions, equilibrium and expectalions

Virtually all of the papers are characterized by Walrasian market clearing assumptions,  All
markets are perfectly competitive.  Atomistic competition amony 39313;5 is assumed even though only
a finlle number of agents is considered.  Vinually, no mgrkét disequilibria or price slickiness are
considered. The only exceplion is Eriic?;{%insburgh-}igyden {1987). In ﬁ;ei’: model of the Beigium
economy, the . wage rate is fixed in the short-run.  Therefore, in the short-run desequilibrium in
the labor market will generate endogencus unemployment,  However, In the long-run all prices
Ersciz;dzng the wage rate are flexible, and, secordingly, alt markets clear, ’
f‘Given the dynamic néture of behavior in the economy, marke!-cfeéring prices in each period

depend on expectations of future prices and on tax variables in the economy. There are essentially

two ways of interpreling the ecenomic squilibtium in such a dynamic context. I future prices are

;'z;erfeaziy anficipated (i.e. expecialions are self-fulfilling), a perfect foresight equilibrium

‘prevails. Then, future actions are merely the implementation of current decisions for future
peticds. However, if price' expeclalions are not perfect (i.e. agents make mistakes with respect to
future prices), then a temporary or short-run equilibrium  prevails, Markets clear, and clearing
prices depend on future price expsctations, Current plans about the future are typically not
precisely implemented. They will be revised as more or better information becomes available 1o the
economic agents. Sese Grandmont {1882), for 2 comprehensive survey of the temporary equilibrium
literature.

With the exception of Gouldar {1885}, and Pereira (1286b, 1287d], all the models surveyed

adopt tha concept of a perfect foresight equilibrium.  In turn, Ballard-Goulder (1585), congidars a
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flexible ampunt of foresight In terms of the number of years ;zver which price movements are
foreseen. Pereira’s model {1986h, 18870 is flexibie in a somewhat diﬁemnt way in that it can
include any range of foresight from myopia fo perfect fqresighz*

- 'Ijhe choice between the perfact foresight and lemporary equilibium is’ ultimately to be made on
philosophic grwn;:fs, It ¢an be argued ﬂm less than pa&em expectations imply that agents are
rrational in some way {see Ausrbach-Kotlikoff {1387 p. 10). However, the reverse argument can
be made‘, One ¢an guestion whether agenés arg really rational and perfectly knowledgable about
future prices. | ’

Recent evi@ence of Ballard {1887}, Ballard-Goulder {1988), Goulder ‘(1985}, and Pereira
{1986b, 12874d), suggests that the choice in modeiling expectations ig an important ong, Thay show
that the degree of foresight inlo the future {ranging from perfect foresight }wmye;}ic expeciations}
may have dramézic impamé on the policy conclusions of tha model, &c_céréing%y, the best regsarch
sirategy may _be 1o design models %h‘i;:h are flexible griough o sliow for different rules regarding the

formation of expectations, With the exception of the arlicles just mentioned, sensitivity analysis

have previously not been performed along this dimension. '

In lerms of imp%émenzazian. the two concepts of equilibrium -~ perfsect foresight and temporary
equilibrium - have different implications. The dimensionality of the equlibrium sclution aigorithm

is involved. Buppose we ?}ave 2 model with ten markets to be run for a pericd of S0 years. Aside

. horma normalization, a perfect foresight mode! implies compuling prices in §00 dimensions, while a

“temporary equilibrium model requires solving 50 equilibria, each In ten dimensions,  Given that

compulational speed often varies with the cube of the number ¢f éimensians; the temparary
equilibrium formulation iz potentially strikingly more feasible. However, Ballard (1887}, and
Goulder-Ballard (1985) havs developed techniques o greatly speed the computation of a perfect

foresight eguilibrium.




28

4. Implementation and Issues on policy evaluation
4.1 Catibration and equilibrium comparisions

- CGE mocfje!s are typically parameterized by the use of a calibration procedure, Some parameters
are emggmaslg given. Hawevér, some crucial parameters are delermined in such & way that the
mode! replicates the data for a given base year. See Mansur-Whalley {1384} for an extensive
discussion of this issue, ‘

Calibration in & dynamic context is generally interpreled as requiring two properties. First,
feﬁ:%ic:aiéon of base year data is required. Second, the m;::det is parameterized 1o simulaie an

-

intertamperal balanced growth path whén the base policy is maintained.” This Is the approach
followed by Ballard (1983), Ballard-Goulder (1885), Goulder (1985’}.. and Summers-Goulder
{1988}, I {ollows the practicé of Ballard-Fullerton-Shoven-Whalley (1985) with their
_sequential equilibrium dynamics.

\,\{Z}zi‘zer authors Auerbach-Kotlikoff {1983, 1984, 1387), Bovenberg {1884, 1885, 1886),
ézzd Pereira {“i%%b, 18874}, follow what we call & qualitative calibration, The struciursl
parameiers are excgenvusly chosen so that the economy follows a reasonable path into the fulure,
That has to do with the fact that given the recursive nature of the dynamic economy, and aside from
© such struciural parameters, only initial stock values are needed to run these models. Given initial
conditions on the stocks of say, private wealth, capital, and government debt, agents will optintize
\ané thereby generate a first round of net demands and equilibrium conditions. In turn, the
squilbrium prices will determine the evolution of the stock variables inte the next period.

There are séveral potential problems with calibration in the context of dynamic models, The

assumption of 8 sleady-stale growth path in the base case can be questionsd. First, while
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sieady-siale is & possibility, it certainly is not the only méa‘ninéiui! solution to dynamic models,
Even in the case of a perfect foresinht squilibrium, the model implies w; equilibrium path which
may or may nol involve balanced growth. The model, not the modeller, should dictate the nature of
the-base case path. Secand, in the context of a temporary aquilibrium path, a steady state soluticn is
noi a hikely modei‘ sulcome, In fact, unless expectations are static, short run behavier consistent
with a steady-state evolution will, in gensral, not be generated. Q;? {he other hand, if static

expectations are gelf-fulfiilling, we have in fact a perfect foresight model. Third, even the base year

replication requitement may cause problems In the context of lemporary equilibrium. Any -

calibration parameter would be condilional on expectation rules, which is pm‘ba?,ﬁy an undesicable
featura.

The nature of the two-requirement calibration strategy is very mu;:h« in the spirit of the
traditional desigzi of the cc;mparisicn of aiternative equilibria: mmpatis__ic; between a sieady-state
base case on one hand, and altemézix;é paths including a transition period and a final steady-state on

the other hand. Pergira {1986b, 1987d) compares different {not necessa}ily steady-state)

equilibrium pathz. The arguments against such a maeduré are based on the idea that the irrpact of

palicy changes can be observed most easily, since all departures from the steady-staie can be
atiributed to the alternative policy. On the other hand, the base case 8¢ defined a3 a steady-siate is

consistent with previous werk in a 'less dynamic’ setting and therefore aflows a common standard

-

. for comparing model resuils,

4.2 Computation algorithms

We are still ai a stage in which basically each author uses a different compuiational technique.

The development of dynamic models - in particular with adjustment costs andior perfect foresight -
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-

. | hasv ccrresmnffézi with the decling in the use of fixed point algerithms. In fact, given the relalive
large dimensions inevitably involved, such algorithms iend o be aréry inefficient at the best and
cften prohibitively stow. See Stone {1888) and Preckel (1 985‘;) for a somparative assessment of
e:.ié?fereni computation techniques. Among the models surveyed, only Baliard.-Fuligeton-
Shoven-Whalley {1985}., and Feltenstein {(1985) use Mardll's va:ian‘z of the fixed paint
algorithm Eéch-nique. ‘

Azzert;ach}(mliiwﬁ {1583, 1984, 1987), follow a three stage procedure. They first compule 3

’ base case steady-state, then & revised caée steady stale, and finally a transition path for the econcmy
between thess wo steady-siates. In all stages, 2 Gauss-Seide! tterative procedure is used,

* Qaltard {1982), Ballard-Goulder {1985), Goulder {1385}, and Summ‘etsl{iaufder (1988},
use é method developed by Ballard and Goulder which is similar in many fag.pe?:zs to the Fair-Tayior
{32’3%3} algoriihm, Shorz-;un equiibria are calculated (using Merrill‘s’}aigarith‘m) parametric on
price expe(:ia}%bns. The model is the‘n iz};m‘ted to generate self-fulliliing intentemporal expectations
and the corresponding perfect foresight equilibrium,  In 2 relatively similar approach, Andersson

| {‘%_88‘?} uses a simulation -program, SIMNON, developed in the University of Lund.  This program
can handia_wa-pcim boundary problems In a fashion consistent with the multiple shooting
algerithm {see Lipton-Poterba-Sachs-Lummers (1882)).

Bovenberg's computational approach (1985, 1888) differs from ;he other modeis surveyed in
. that he relies heavily on analytical techniques. Computations are done by using a dynamic version of
" Johanson's lingarization method. Being essentially determined by the continuous time nature of the
model, this linearization model has the disadvaniage of confining the analysis 1o infinitesinal changes
around the base case equilibrium {see Bovenberg {1985) p. 531

Pereira {198&L, 1987d} uses an optimization algorithm - RPSQOL - developped by

Gill-Murray-Saunders-Wright (1986)). This algorithm s used o compule the sequence of

o W — R
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short-run femporary sauilibrium which makes up the intérte;zzparat equilibrium path. The
‘equilibn‘um conditions are seen as nonlinear equality constraints in the mi’;!imizatian of an articial
abj’ec_iive function. The prices are normalized to the gniz simplex by an additional linear squality
' ccns:{aém.

Ertich-Ginshurgh-Heyden (1887} follow a unique :appra}ach in that they use a variant of the
optimization tschnique introduced by Negishi {(1860). The sconomic m;ﬁﬁbrium can he generated
as & soluﬁcn of a mathematical program zh&‘ ohjective function of which ig 2 weighted sum of the
utility functions of the varicus agents, s;vhize ihe- ccns;trainés 8ot consists of the market clearing
conditions,  Giinsburgh-Heyden {1983} have extended Negishi's result to the caée of downward price
rigidities.

Fi'naily, the paper by Jorgenson-Yun {1884) is aiso unigque %z} that it is the only
econometrically éﬁzima‘t&d ﬁmdgi. Diffarent blocks for the consumplion :a;zr.i production side of the
mode! are sepafatez!y estimated, 10 'p‘w;ﬁdé the necessary structural parameters.

-The diversity of ‘compmaﬁar‘l technigquas iz yet another indicator of the expioraicry nature of the

body of iiteraturs saweyeﬁ in this article.
4.3 Equal yield comparisipons

The Tink between a base case and counteraciusl simulations is usually provided by the concept of
‘equal yisld, Shoven-Whalley (1977} discuss the meaning of egual yield in a general equilibrium
gontext when government is not allowed o run deficils, Equal yield is interpreted to mean constant
‘sublic utility’. Government base case willly is maintained in the counterfactual experiments. With
balanced budgels, the congcept of equal yield is unambiguons. The new squitibrium prices and the

balanced budget condition will determine the minimal expenditure and taxes needed to maintain bage
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case publi¢ ulility, Accordingly, in general, equal yvield is inconsisient infh equal nominal tax
revenue. Some changs in 1ax revanue B8 necessary. DUifferent tax replacement schemes are
considered 1o assure that enough tax revenue is collecied. This is the approach essentially followed
by most of the papers surveyed, Only Fellensiein (1888}, Goulder (1885}, and Jorgenson-Yun
‘ {1884}, chose not fo iollow an egquai yield strategy.

“The guestion is of how 1o Interprele the concept of equal yield when the government is allowed (¢
tun deficits. The cptmal level of expenditure for base case public miiit;} gan now be tax-financed,
bond financed or financed by a mix of bonds and taxation. We have several versions of equal yield. In
particular, equal yield may now be consistent with equal tax revenue. Furthermore, some measure
Qf'ﬁr}anciai crowding out effects of government deficts can éke inferred from the comparision of the

wF

several equal yield alternatives. These issues are extensively discussed in"Pereira (1887b).

W

4.4 Price expectations \and the dynamic generalization of compensation
_indicaters

The ISum of equivalent and compensation vadations over households is the most widely used
aggregated measure of efficiency gains o losses, In the context of steady-stale comparisions and/or
when complete future markets exist andior perlect foresight s assumed there are no difficulties
associated with the use of the standard Hicksian indicators. In fact, comrect fulure prices are known
in these ¢aces.

¥ expeciations are nol self-fulliliing and/or fulure markels are not available, a dynamic
generalization is necessary., Ballard-Goulder (1985} provide some steps in that direstion by
defining an indicator that accomodates periods far inte the future when households do not have

periect foresight but & steady-state prevails. On the other hand, this issue Is more fundamental in

ORI
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the context of a generzl temporary equilibrium framework., In such circumstances, Pereira
; (19864} develops a fynamic generalization which is obtained as the present discounted value of a
sequence of short-ron oplimal expendiiure functions ¢onsistent with a base case expected future

-

stream of utilities.
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5. Empirical evidence from selected policy issues

Dynamic tax models have generaled several imporiant f&éaés which escaped static modeliers.
The foi[éwing s a selectzd sat of issues which stress the marginal benefits of dynamic madeiling of
" gcenomic hehavior ;n innc;v&tive areas of analysis. The discussion of a consajlmption tax emphasizes
the benefils of dynamic household behavior and intergenerational aspecis. The study of the
giimiaaﬁo# ar the re-intioduction of the invesiment tax credils s made meaningful by the dynamic
modetling of production behavior. %odeizing government in a dynamic conlexis allows the modeiler
to study the impact of government deficits. Finally, a dynamic framework lets us appreciate the

relevance of consumer experciations in terms of the evaluation of policy altematives

-~

Vs
Vs

5.1 Cfan.sumpiic;n\ Tax

By its very nature 3 consumption fax can not be adeqiza:eiy investigated wizsh a static model
‘ Fui!aﬁen-sﬂavem?x’haﬁéy {1983} use the model of the US. economy as described ifz
'Ba[la?dﬁuiierton»%hoven~WhaHey (1935} w0 evaluate the movement fram the cument U.S, tax
system fo a progressive rx_msumption tax. Since their model incorporates a labor/eisure choice,
where laisure is an untaxed sommuodity, their results reflect the fact that both the consumption tax
and the present system are distortionary.

Concentrating on the intertemporal distortions, they show that sheliering more saving from the
curreni U.S. income tax could improve econcmic efficiency even if marginal tax rate increases are
necessary in order 10 maintain goverament revenue. At first you have a revenue shortfall,
However, the economy moves 0 a hinher sustained growth path, and uitimately lowser 1ax rales

cangenerate the same revenue path, Also, wages increase in the long run with this pelicy. The

B L
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present value of welfare gains for 2 policy of complete saving deduction with marginal rate

+

adjustments {consumption iax} is simulated to be around 2500 billion ‘ia 2500 billion of 1973
doilars. : .

. fhey also investigale the length of time it takes the economy 1o adjust to these policy changes.
Roughly, they eszi‘mate the ‘lang run’ 1o he thinty years, aithough this figure I8 very sensitive to the

specification of the savings elasticily - a crucial parameler in this model.
5.2 investment Tax Credit

- Goulder-Summers (1887} address the impact of eliminating the Investment Tax Credit (iITC) on

intersectoral capital formation, and on esonomic growih., Their model is Pariiwiaﬁy adequate

K

p

address this issz:ze in that is postulates a forward looking investrent motive with adjustment costs.
They show that the eliminating the‘ i"i:C causes a reduction in the rate of investment. lnvestment is
estimated to fall by about 7% i the short-run and by about 12% in the new long }un steady state.
Nin um, a prévious palicy anncuncement lowers the overall attractiveness of investment and feads to
a‘dawnward shilt of the investrment profite. On the siher hand, the combined effect of a 'revenus
neylral' simultangous elimination of the ITC and reduction of the corporale tax rates is a long run
reduction of the capital stock by 3.5%. This pattern suggests that a revenue neutral increament in
. bothy the corporale tax rates and the invesiment tax credils would be preferable 1o the formula
“adopted in the U.S. Tax Reform Agt of 1888.
Pereira (18874}, addresses the impact of the ITC from the siand point of the z:zirzent tax sysiem
urdder the Tax Reform Act of 1888, Given the concern over the potential depressive effects upon
savings and investment of 1h§ new tax system in conjunction with deficit reduction mechanisms of

the Gramm-Rudman type, a pertinent question is, should the 1TC be re-introduced? In the context

gt 0§
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* of his mods! of the U.S. economy, Pereira focuses on the trade-off between the distortion in the
intersectoral allocation of capital induced by the ITC, the lower tax revenues it generates, and’
potential financial crowding-out effects on one hand, and the bositive effects of lowering the relative
price of new capital goods on the other hand. Preliminary results confirm the qualitative results in
Gou!der»Summers {1987), suggestting a welfare gain of about .2% of the present value of GNP in
the best scenario of absence ﬁf replacement taxes. Funthermore, preliminary resuits show an
important time pattern to welfare gains, with the average beru;,ﬁts increasing the further you look
into the future. This pattern is due to the presence of constraints to intersecto;al mobility of capiial

and inertia in the adjustment towards the optimal capital tevels as reflected by the presence of

adjustment costs.

3 /

§.3  Financial crowding out.effects of government deficits

~

Auerbach-Kotlikoff {1987), in l_he context of their intergenerational mode! of ihe U.S. economy,
gon:sider thé impact on savings, capital formation, and interest rates, of deficit policies aﬁd balanced
Sudget' increases in government consumption. They conclude that deficit finance and government
consumption can significantly crowd out capital formation and lower the welfare of future
generations. However, crowding out from deficit finance is a very slow process because it results
" from increased government spending over potentially long herizons. Also, deficit policies may
-s'ubstantially influence the long-run interest rates, while leaving the short-run rates essentially
unaffected.  Finally, and in opposition to the central role adjustment costs seem to play in both
Goulder-Summers’ and Pereira's models, Auerbach-Kotlikoff suggest that the time path of interest

rates induced by a policy of deficit financing seems to be insensitive to the presence of adjustment

costs,

e L -

el am e




35

-

54 The role of consumer expectations

The expectations analysis has uncovered one of the benefits of dynamic modelling.
Ballard-Goulder (1985) find that the appeal of adopting a.consumption tax depends on tﬁe level of
foresight possessed by the consumers. Furthermore, additional foreéight may be wellfare worsening.
This is a second best type of result. This_ tends to occur under policies that lead to capital deepening
and declining rate of return to capital over time. To the ext.ent that consumers have more foresight, ‘
they will be better equipped to anticipate the fall in the rental price of capital. Consequently, if a
saving incéntive is enacted, people save more with myopia than with perfect foresight. Given the
exi_sténce of taxes on capital and the discrepancy between the private anc!,scfcial returns to capital,
the fgrealer savi'ngs with rﬁyopia is *better socially. Ballard-Goulder find that the welfa;a gains
from a consumbtion tax are reduced Ey ébout 10% when we move from myopia to ferfect foresight.
Therefore, the atiractivennass of adopting a consumption tax seems fairly rol;ust across these

foresight specifications.
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6. The power and wezknesses of dynamic modeliing: the exampls of corporaie

*

tax integration

The Issue of cotporate tax integration alows us to show the strengths and weaknesses of the
dynamic appreach, Emplrical evidence using CGE techniques indicates that, depending on the precise
scheme of integralion and the tax replacement methods, integration may have substantial effects. In
the work of Fullerton-King-Shoven-Whalley [188G, 1981), i‘ctaé integration was found o yield an
annual static efficlency gain of 34 to $8 billion in 1973 dollars. Simulated éynamic gaing may be as
large as 3885 billion or aboul 1.4% of the present value of Ruture consumption and leisure in the
U.8. econcmy. Thase gains resull primarily from interindustry reallocations of invesiment and an

r s

improved intertemporal aliocation of consumption. P

,'Mcre recent work emphasizes how consumaers’ asset porticlic decisions and firms' financial
decisions affec't the efficiency gainé fror;w integration.  Slamrod (1980}, focusing on consumers'
_asset partfolio decisions, finds static efficiency gains which are about twice as large as those
ré;;‘mwd 27;?“ Fullerton-King-Shoven-Whalley {(1881). Fullerton-Gordon (1983}, focus on the
firms' financial decisions. They report efficierty gxzzifzs of 8% of GNP from the elimination of the
tax distortions favoring debt. However, when they eliminale the comporate 1ax and replace it with
increased personal income tarxes, addiliona! distortions are created in the oplimal laborleigure
- decisions. These distortions tend {o dominate the analysis, such that the overall effects of complete
Cintegration are very modest.  Galper-Lucke-Toder (1986), address simultaneausly consumers'
asset portfolio decisions and the firms' financial decisions. They also find very modest efficiency
gains from integration.

The above resulls are imporiant, but may be geverely biased. There are several aspects of

economic behavior and madelling crucial for the study of income 1ax integration which have not been

—r 48,
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captured inany of the above papers. QOne aspect is the absence of govetnment deﬁéits - a balanced
' budget is assumed. It Is true 'zhaz resource crowding -ou: is captyred in :hese‘ models but financial
crowding out induced by govemnment spending is not.  Second, investment is not derived ‘fmzz%
optimizatinn dehavior, Investment behavior passively accomodates endogenous saving decisions. As
a consequence, the diffarential impacts of policies in the incentives to save and lo invest are not

captured. Also, full capital mobility across seclors i3 assumed with instantansous capilal

adjustments towards optimal levels. This assumption rules cut different costs of capital across

sectors and thereiore differsntiated reactions to tax policies "changas* Finally, the modelling of both

govemment deficiis and of endogencus real and financial investment decisions necessitates the
consideration of a dynamiz framework and the introduction of financial assets, govemnment bonds and
private financial assets. A dynamic framework ziso highlights the afﬁciemg/effem of intagration on
the ‘optimat Entértemparai decisions. The above models are eitl:rér static (Slemrod's and
Gai;éer»Lucke-Toder’s) or & dynamic sléquénce of otherwise static models.

Pereirz {1986b), deveiops a dynamic applied geaetail equilibrium magiéi - 10 study the
\efﬁzﬁeney ef%’;ects of intagration an the growth and alfocation of investment across sectors.  Special
attvemiqn is paid to the structural effects of resource and financial crowding out induced by
goverrment spending and deficits and 1o the real aﬁd financial imresuﬁent reactions across industries
{o both tax integration and financial crowding out. His modet departs from previous work on incoms
Jlax integration, and for that matter from maost of the CQE Heralure for tax policy evaluation, in
-s/everal directions. N encompasses an endogencus sequential equilibriium structure founded on
dynamic behavior with flexible expectationg. Government deficits are optimally determined.
 Investment decisions are ferward looking angd the result of optimizing behavier. Several financial
assets - public and private - are considersd.

Simulation results indicate that the welfare gains from integration under large deficits are, at
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best, modest when measured in terms of the GNP, . The eti.minaﬁen of the corporate ta;c and its
replacement by increased income tax rates, ylelds long run benefits which are never larger. than
L% of the present value of fuiure consumption and leisure ﬁnder the pravious lax zégime, and 1%
under the current tax regimo.  However, the short run welfare effects of ull integration tend 10 be
very low and in In some scenarios even negative. This s a new irztgrtemmrai pattern of elficiengy
effecis which reflects an adiustment lag in the interindustry fnvestment dacisions due to the
existence of cosis of adjustment. Un the other hand, p_ar!iéi integration achieved by excluding
dividends from the corporate tax base systematically yields negative‘effici‘ency effects. In the long
run these can be as high as 3% of present value of the fulure value of consumption and Igisure. This
is a new second best effect suggesting that less than complete integration may have perverse
eﬂic}ency effects. | S ’
‘ The dynamic siruciure of Perelra’s model allowing for an improved f;aatment of real investiment
decisions and §ovemment daficts, g;}fcvic;es 2 potential selting for & more amrazg measyre of the
gosts and bgneﬁ%ﬁ of integration. The simulation results suggest lower benefits and an intertamporsl
égiiem of growing beﬁefiés.

Simulation results alse Clearly suggest mbas‘; negative effects from partial infegration. Mow
reliatie is this result? If dividends were deductible from the comporate lax base (as are interest
paymenis}, the preferential treéatment of debt over equity would be eliminated. Corporations should
be expected 1o rezct by decreasing the optimal debVequity rativ. However, corporate finangial
~ decisions are exogenously set in Pereira's model as in all of the other models surveyed that go as far
as dealing with the issue.

Also, withdrawing dividends from the corporate tax base is a way of eliminating the double

taxation of dividends at both the comorate and personnal income levels. How will the optimal

allocation of household saving accomodate that change in the relative return 10 corporale equity?

A - R




38

‘Hov;fevef, household pornfolio decisions are exogengtz%y set in Pergirg’'s model a8 in all of the other
modeais survayed go as far as dealing with the iésug,
it is safe to say that the evaluation of the benefits of péréal integration, as defined above, are
severeiy underestimated. Meanwhile, the distortions generated by the increase iz} the marginal
persenal tax rates 6esigﬁed to raise the revenue foregene by the dividand exclusion, are fully
aceounted for. A good measure of the costs of integration together with a poor evaluation of the
benefits ;ﬁay very well be the reasen why partial integration is simulated io yield negative
a%iiaﬁeﬁcy‘ gaing, )
On a different vein, as most of the mociel surveyed here, Pereira’s is a closed economy medel. i
is jegitimate t0 wonder how the results would change it international capitél ﬁ;:;ws ware allowed,
This ’aimasi certainly would affect financial crowding out, since a good d,eafzzf the capital inflows
, ) p
could be used to financa pubfic debt. i
For these various reasong, the hfesiulls should be treated as preliminary, hut they sirongly

sugsast that the dynamic slructure provides valuable new insights into the comporate tax integration

Issue.
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7.  IConcluding remarks

What has been accomplished this far? The success of the CGE research in tackling the challenge
of dynamic modelling can nat be denied. A
| Great progress in the modelling of h'ousehold behavior has been achieved. Promising
developments in the modelling olf production and government behavior have also been accomplished.
Interesting innovations in the concept of equilibrium and computation techﬁiques were discussed.

The policy. analysis was greatly enriched by considering transitional effects together with longer
run steady-state equilibrium paths, generalized equal yield strategies accomodating different
ﬁnénbial crowding out impacts, and generalized dynamic policy evaluation indicators.

-

\An important set of issues have been addresed by the models surve'y/ed. Traditional issues
focﬁsing on ihe_ effects of capital taxqtioq and consumption taxes have Been pufsued. In terms of
capital taxation, for exampie, the intertemporal nature of the issue was enhanced by allowing an
_optimal evolution of capital stock in the economy and forward looking optimal investment decisions.
In-.Andersson (1987), Goulder-Summers (1987), and Pereira (1986b, 1987d) this is coupled
;vith a improved treatment of several tax provisions like investment tax credits and depreciation
aillowances. In terms of the consumption taxes, developments in the specification of intertemporal
household behavior, the introduction of overlapping generations and the modelling of
" intergenerational links via bequest motives, as well as a closer attention to demographic evolution,
hprovided a much improved economic setting for the understanding of the several aspects of the
problem.

Furthermore, dynamic modelling has permitted the addressing of a set of new issues. Policy

issues ranging from dynamic tax policy analysis to the evaluation of exogenous changes in

government expenditures, to the impact of different methods of financing government expenditure, to

R el = I
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"the importance of financial growding out, to the relevance eg consumaers gxgeczazions in the policy
results, have been addressed.

_Despite all of the progress and, in part due to such progress, several avenues are wide open f;ﬁr
much needed additional research.  The following Seer-n to be the most interesting and pramising
areas.- First, the spacification of hguidily constrainis 10 h;ousehoid kehavior may help to obtain a
better understanding of palicy changes that affect directly the interest rates in the economy. Second,
major altention needs o be paid io the incorporation of a koreign sector {with open capital markats).
Third, some efforls are needad in terms of finding aé&ézzaia computation iechniquss, now ihaz‘
dynamic modelling really makes the curse of dimensionalily worse than ever.

- The modelling of financial markets is the single most unsatisfactory aspect of the dynamic
models surveyed here. The problems associated with providing a mare adequate treatment of
financial marketé and, in géneral, enc;ogenous and optimal financial deciéi;:ms - both at the corporate
and at the pgrsﬁmnai levels - have 1o be a:ddressad. That necessarily requires introducing uncertainty

into the models. To be adequate, this must go well beyond the raere assumption of point expectations,

with the whols array of modelling, implementation, and evaluation problems that generates.
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