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Annals of Economic and Sacial Measurement. 4/4. 1975

POLICY-ORIENTED MACROECONOMETRIC MODELS FOR
DEVELOPMENT AND PLANNING

BY JEFFREY B. NUGENT

This paper presents a method for applying macroeconometric models 10 policy planning through the use
of linear programming techniques. A smali-scale econometric model is specified and then estimated
separately for each of the five countries of Central America. The models are fitted together to form one
large economerric model for the region. Linear programming is then applied to solve the optimal set of
macreeconomic policies under two institusional setups—one without coordination among countries and
the other one with complete coordination. The results obtained in these alternative situations indicate
that the potential benefits of policy coordination among Central American couniries range from 2 1o
7 percent of the region’s GNP.

The last fifteen years have witnessed dramatic breakthroughs in the development
of long-term planning models and of practical criteria for allocating resources
in the imperfect market settings characteristic of most less developed countries
(LDCs). In contrast, the construction and use of short-term macroeconometric
models for policy planning in the LDC context remains a relatively primitive and
underdeveloped art form patterned on the earlier econometric models developed in
the more developed countries (MDCs).

In the following section 1 call attention to recent developments which are
beginning to improve the fit between the models utilized and both the character-
istics of LDCs being modelled and the needs of their policy planners. At the same
time I shall speculate on the nature of further improvements that will be necessary
before the LDCs can have fully satisfactory macrocconometric models.

The second section presents a method for applying macroeconometric
models to policy planning with the use of linear programming techniques. The
use of the linear programming approach to policy planning is demonstrated in the
context of regional (multinational) policy coordination among Central American
countrics. A small-scale econometric model is specified and then estimated
separately for each of the five countries of Central America. The models are fitted
together to form onc large econometric model for the region. Linear programming
is then applied to the model to solve the optimal set of macroeconomic policies
under the two alternative institutional setups—once without coordination among
countries and once with complete coordination. A comparison of these solutions
provides 2 measure for the potentiai benefits of greater policy coordination. The
paper is concluded with some suggestions for institutionalizing research on macro-
econometric modelling of LDCs.

PAsT AND FUTURE TRENDS IN MACROECONOMETRIC MoDELs

What kind of models should be employed for LDCs? This question, posed by
Lawrence Klein some ten years ago (Klein, 1965), is still an open one despite some
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serious attempts during this decade on the part of Klein hi{nscll‘, several of his
students and colleagucs, and others to suggest some answers. ‘

As Klein noted, the carliest macroeconometric models for LDCs, (c.g.
Narasimham, 1956; Suits, 1964) were patterned r;uher closely to the simple
Keynesian mnode! that had been prevalent in the United States and other MDCs
in the 1940’s and 1950’s. Slowly the kinds of models proposed for LDCs have
begun to change. Some of the more recent LD(_Z models hav;‘ parallelgd. the recent
trend of MDC models toward more neoclassical formulallqns by giving special
emphasis to the role of relative prices and to profit maximation (Zz.irembka,_l%’l,
1972 Marwah, 1963, 1970) and in making greater use of expectational variables
based on distributed lag formulations (Evans, 1970). Other changes in LDBC models
reflect changes in emphasis of different sectors. While the earlier models were
inspired by the closed economy models of Harrod-Domar an.d Keynes, the.large
roie that foreign trade plays in most LDCs has become increasingly reflected in the
more recent models.

Some of the recent innovations in LDC models, however, represent more
fundamental breaks with the tradition of MDC models. While the carlier models
were (in the Keynesian tradition) demand-determined. several of the more recent
LDC models have emphasized supply considerations (Marwah, 1970 Beltran del
Rio and Klein, 1973). In others disaggregation has permitted the specification of
different production and consumption functions for different sectors (Islam, 1965:
Agarwala, 1970; Zarembka, 1972; Kelley, Williamson and Cheetham, 1972),
thereby accommodating the Nurkse-Lewis-Fei-Ranis notions of agricultural
surplus, and, by admitting various kinds of market imperfections, some models
allow varicus forms of dualism to persist. By way of giving more atiention to
detail, the more recent LDC models are generally better able than their predecessors
to reflect the special conditions and institutions of the particular countries for
which they are designed.?

In my opinion, these trends toward greater differcntiation both between
MDC models, as a whole, and LDC models, as a whole, and between and among
different LDC models, individually, are desirable. Moreover, it is my expectation
that these changes will continue and even accelerate. 1 believe that in the next
several years macroeconometric models of LDCs will succeed to a much greater
degree in explaining and utilizing as detcrminants variables that have heretofore
been largely excluded, such as the demographic factors, structural factors, and the
determinants as well as effects of changes in income distribution. Even for any
given LDC I would expect to find an increasing degree of individuality and differen-
tiation among macroeconometric models to reflect the increasingly differentiated
uses to which the different models may be put as well as the different “visions™ of
different model builders.

‘ Most of these expected changes are essentially those of scope. level of aggrega-
tion and emphasis, and most of these changes are already well on the way to being
accpmplished. My concern in this paper is, rather, with several other areas in
which improvements are nscessary but which are, as yct, not as clearly fixed on the

! See. especially. del Rio and Klein. 1973.

2 From ghis point of view. note the rather detailed models of Mexico by Beltran del Rio and Klein,
1973: of India. by Agarwala, 1970: of Argentina. by Nugent, 1967: of Indonesia. by Fukuchi. 1973,
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horizon. These are: (1) the need for developing more completely and explicitly
the disequilibrinm pature of development processes and structures, (2) the need for
integrating short-, medinm-, anid long-runge time perspectives, and (3) the need
te relate these models more closely to the requirements of development planning
and policy decisions.

Disequilibrinm

We begin with disequilibrium. More and more CConomists are coming to
recogiize that we live in a world which s less than perfect and in which often the
optimal, “fivst-best,” and even “second-best™ adjustment mechanisms cannat be
utilized on grounds of political or administrative infeasibility. With optimal
adjustment mechanisms ruled out or impeded by political constraints, and others
rejected on economic or social grounds, the many dualistic differences which are
observed between one sector and another tend to remain in effect and in some
vases even to become more exaggerated as time goes on and as development takes
place.* Partly, (his may be the result of fandty policy and, therefore, suggests the
need (o be spelled ont presently) for macroeconometric models of LDCs capable
of yiclding more useful policy implications. However. party the dualisms also
seem Lo be due to the relative strength of varions disequilibrating forces that seem
to appear rather naturally in the process of cconomic development.

The failure of prices, technology, savings behavior, and human capital stocks
and sectors to come into equilibrinm is an important fact of life m LDCs and
suggests that very careful consideration must be given to the nature and magnitude
of the factors preventing the attainment of cquilibrinm, and the range within
which any particular constraint is binding. For example, with respeet to the market
for an individnal commodity characterized by excess supply or excess demand, the
failure of prices to adjnst to a level at which the excess supply or demand wonlkl be
climinated constitutes a genuine case of disequilibrium, To analyze the sitnation
and 1o propose policies to deal with it, one must, first, be certain whether the dis-
¢quilibrium is of the excess demand or the cxuess supply variety and, then, be in a
position to understand the reasons for continued discquilibrivm and for the
failure of the adjustment mechanisms to restore equihtbrinm,

The cxistence of disequilibrium poses prodigions problems, not only for
mode} building but also for estimation. Attempts to trace out supply and demand
curves simultancously by carclully following the ordinary rules for model identifica.
tion will. in general, be insuficient, Lven if this were done, participants in the
market under consideration would still generally be “off™ one of the relevant
curves, not just in the ordinary stochastic sense bt consistently in a particolar
direction, The estimation problems are, of course. not insurmountable and, indecd,
some fairly satisfactory models for overcoming them are already with us.* Most
such methods are based on identifying whether one is in a position of excess
demand or of excess supply on the basis of price behavior. But, if price behavior
is also stochastic and subject 1o other variables (as in a price expectations model
to the observed price changes of previous periods), such an identification may not

*This theme is developed thoroughly in Yotopoulos and Nugent, lortheoming.
* See Fais and Jaffee, 1972 Fair and Kelejian, 1974 and Maddalis and Nelson, 1974.
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be casy to make, particularly if, as in most 1,DCs, the price data series are weak in
quality and limited in quantity. ) . R

A second problem that is raised by the udmnssiqn of dlsc‘:qlllhbnun.x in any
particular market or sector of one's macroeconometric model is the pus‘stblllt.y. of
secondary or spillover effects to other market sectors. Suppose that the dlscqu111b-
rium condition in sector A is one of excess demand. What will be the reaction of
the consumers of A whose notional demands are frustrated? Will it be to accumu-
late assets—and if so. what kinds of assets- -or will it bc to buy more in other
sectors? If the latter, in which other sector(s) will the demand spillover eﬁccts be the
largest? How large will they be? What policy instruments affect the direction as
well as magnitude of these spillovers?

Similarlv. if there is excess supply. as with respect 1o labor or even agricultural
outptit in theyrural sector. how da frustrated suppliers react? Do they cut pt_n_rchases
from other sectors, and if so. which ones? What happens to the excess supplies? Are
they consumed at the farm? Are they thrown away? Are they stered for fflture use’
Do the suppliers migrate? Who are the ones who migrate? Where do migrants go
and what do they do there? Although these questions have been addressed fre-
quently in the literature of development economics, clear answers have not yet
been obtained. The dogged adherence to equilibrium formulations in medels of
all kinds has, in my opinion, done much to delay the achicvement of greater
understanding in this respect.

The spillover effects of disequilibrium can be extremely important and very
powerful. and yet are entirely ignored in equilibrium models. What happens
when there are several different markets out of equilibrium, ¢.g., excess supply of
1abor in urban areas, excess supply of agricultural commadities in rural sectors,
excess demand for foreign exchange and capital in the modern sectors? How do the
various spillover and linkage efiects arising from these factors interact? Do they
offset or reinforce each other? Do their effects multiply? Answers to these questions
can come only from macroeconometric models possessing a general disequilibrium
framework. The need to deal with interdependencies among markets further
accentuates the aforementioned problem of estimation. as simultaneous equation
estimation techniques must be employed.

The existence of disequilibrium also poses questions of dynamics. By defini-
tion, the existence of disequilibrium implies that price adjustments are not in-
stantaneous. But how rapidly do they adjust? Do quantities adjust more than
prices? How fast do the quantity adjustments cccur? What institutional, policy. and
other variables influence the relative as well as absolute speeds of these two types of
adjustment” Given that the equilibrium prices are seldom known. to what informa-
tion do the suppliers and demanders in the different sectors react? Are the reactions
linear or are they nonlinear with respect to the gaps between demand and supply?

Moreover. the scope of disequilibrium analysis in LDCs is not limited to strict
cases of excess demand or supply in the (usually) relatively few markets where
prices are set arbitrarily by government agencies. Any market or sector in which
adjustments are either incomplete or less than instantaneous is characterized by
disequilibrium. Disequilibrium is reflected in such diverse phenomena as high
birth rates in rural areas coupled with outward migration to urban areas, an
imported technology which does not fit the factor prices prevailing in LDCs. and a
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distribution of income which becomes less equal as development proceeds. Indeed,
such phenomena are sufficiently pervasive in most LDCs to suggest that disequi-
librium formulations should be central to LD models rather than peripheral to
them as at present.

Integration of Short, Medium-. and Long-Term Perspectives

Typically. there have been, on the one hand. long-term econometric modes,
essentially, growth models, based on productivity indexes of full-fledged produc-
tion functions and changes therein over time.® and then. in a completely separate
literature, short-term econometric models emphasizing the determination of the
level and composition of aggregate demand. Attempts to integrate both aspects
into a single macroeconometric model have been rare and superficial. A notable
exception is the study of the Economic Planning Agency. Gevernment of Japan
(1965), which contains the following interrelated models: an aggregate long-term
modei focusing on saving, net capital formation. and potential output through the
production function: a sectoral long-term model. which focuses on the differences
in production functions and labor productivity between sectors. introduces
foreign trade. and explains the allocation of labor and capital resources among
seciors: a medium-term model, which treats the factors determined in the long-
term models as exogenous variables (particularly since they were estimated from a
longer data series). determines effective demands, prices. wages and income distri-
bution, and traces the effects of government policy instruments throughout the
system: and finally, the short-term interindustry model, which disaggregates the
components of aggregate final demand determined in the medium-term model into
the demands on individual sectors- - foreign and domestic—and computes the
labor and capital requirements implied by these demands. The individua! models,
as integrated, are used for making shori- and medium-term forecasts. The forecasts
from each model are then compared and revised. iteratively, until convergence and
consistency are achieved.

Generalizing on the Japanese model. one might suggest that the long-term
models might also be used to identify parameter shifts that will, in turn, identify
various “epochs™ within which the parameters of the medium and short-term
models would be constant but between which they would all change.® Conversely.
the short- and medium-term models might help to identify situations of excess
supply or demand which might feed back into the factor accumulation and other
features of the long-term models. In principie. the individual observations of the
long-term models could be three. five, or even ten-year averages. whereas the
observations for the medium-term models might well be annua! observations, and
those of short-run models, semi-annual or quarterly observations.

As already noted, the relative importance of demographic factors, structural
and technological changes in the case of long-term growth of LDCs, and the
persistence of dualistic differences between sectors further increases the potential
benefits and importance of integrating the short-. medium-. and long-term con-
siderations in macroeconometric models of LDCs. Without such an integration

* The most well-known examples of such models are those of Solow. 1957: Denison. 1962, 1968 :
and Jorgenson and Griliches.
¢ For an application of this technique in a long-term model see Brown. 1966,
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it will generally be impossible to indicate the implications of alternative macro-
economic policy packages on the various developmental targets.

Policy Planning

In MDCs the primary use made of macroeconometric models has been for
forecasting. Indeed, it is on the basis of selling subscriptions to their forc.:ca-sts that
MDC model buiiders have been able to finance at least part of the building and
then continuous revision and updating of their models. The hypothesis-testing and
policy-implications uses of such models have not been fully explpited.

In LDCs the uses of macroeconometric models in hypothesis testing and in
drawing policy implications would seem to be potentially of considerably greater
importance. Thus far, however, the previously mentioned tend~ncy on the part of
LDC model builders to follow in the footsteps of their MDC prcdecessors, and the
understandable desire of LDC model builders to show that their models provide
adequate descriptions of the economies for which they were designed, have
combined to limit the usefulness of LDC models in these respects.

These shortcomings are traceable to the following procedures with respect to
the inclusion of policy instruments and the way in which they are treated. First,
perhaps because the government has traditionally played a much smaller role in
resource allocation and accumulation in MDCs than in LDCs, the tendency to
replicate MDC models has resulted in an unfortunate underrepresentation of the
role of macroeconomic policy instruments. Second, in those relatively few models
in which the policy instruments have been introduced sufficiently, the details are
either excessively abundant so that, for lack of an apparatus for integrating them,
few overall conclusions can be drawn, or too insufficient to be of practical relevance
to policy makers who must make quantitative decisions with respect to rather
specific taxes and kinds of expenditures. Third, frequently the policy instruments
included have been treated as endogenous variables, for example, as functions of
time or income.” Fourth, the short-term perspective of most LDC models may
have dissuaded model builders from including in their models some important
policy instruments merely because the valucs of these instruments have changed
only very slowly or at very infrequent intervals, thereby making it difficult to
obtain quantitative assessments of their impact.

Naturally, when the policy instruments are either excluded altogether, or
included but only on an ad hoc basis (e.g., when convenient for forecasting purposes)
or as endogenous variables, valid implications for policy cannot be drawn.

The Use of Internaticnal Cross-Section Models

Actually all of the shortcomings indicated in exXisting macroeconometric
modelsof LDCs are interrelated, and most of them are traceable in the final analysis

7 Our quarrel is not with endogenization of policy variables. per se. Indecd. one can but applaud
serious excursion into political economy such as that by Marzouk. 1970 wherein policy variables are
explained in terms of the relative power of different socio-economic-political groups. However. the
specification of policy instruments as functions of time would seem to provide little in the way of
benefits as far as explanatory power. specification error, etc. are concerned at the expense of weakening
the ability to draw policy conclisions from ihe model.
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to data limitations--in particular, the brevity of the period for which comparable
time series data are available for any individual couniry. The lack of data explains
why the most interesting deveiopment models are often simulation models.?
However. not being subject to the formal rulcs of parameter estimalion, and lacking
any objective means for evaluating the adequacy of the formulation, simulation
models—-no matter how interesting they might be—are hardly likely to be suffici-
ently convincing to influence policy.

Our excessive reliance on equilibrium assuinptions and processes is to a
large extent attributable to the fact that such assumptions permit one to avoid the
interdependencies and linkages of spillover cffects and the complexities of partial
adjustment processes that arise in situations in which markets and processes are
out of equilibrium. The existence of disequilibrium, as pointed out above, raiscs
numerous questions that can be answered only if more and better data are available.

So, t0o, the preoccupation in macroeconometric models of LICs with short-
term considerations and their failure to integrate long-term ones and to derive the
policy implications that could be used by development planners stem, to a large
extent, from the reiatively few annual observations available and the lack of
perceptible change in some important policy instruments within the period of the
sample observations.

Supplementary cconometric models estimated on the basis of international
cross-section data for LDCs alone, or for MDCs and LDCs together. could
constitute a valuable means of obtaining estimates of some of the longer-term
relationships, of some of the more elusive elements of disequilibrium, and of the
impacts of policy instruments which may not have been exercised actively in
many LDCs in the short time period for which data are available. Naturally, such
efforts are only supplementary ; the reasons for the failure of cross-section estimates
to hold necessarily for time series situations, or of “average” relationships ob-
tained from a collection of country experiences to hold for individual countries,
are well known.

Nevertheless, the use of estimates obtained from international €ross-section
analysis is already commonplace in a number of different aspects of deveiopment,
most of which are relevant as far as macroeconometric models of development are
concerned. Ferexample, structural changes are usually estimated from international
cross-section data and are generally found to be valid over time (Chenery and
Taylor, 1968). Similarly, the determinants of aggregate exports, the composition of
exports, and the relative benefits of trade and aid have all been very profitably
studied from international cross-section data (Cohen and Sisler, 1971 ; Chenery and
Strout, 1966; Naya, 1965: De Vries, 1967: Ooms, 1966 Nugent, 1974), Several
studies have estimated aggregate and even sectoral production functions and
measured the impact of capital formation, population growth, human capitai, and
trade in a growth accounting framework on the basis of international cross-
secticn data (Hagen and Hawrylyshyn, 1969 ; Sommers and Suits, 1971 ; Kuznets,
1966 : Krueger, 1968).°

® For some interesting applications of simulation models see Hoiland with Gillespie. 1963, and
Shubik. 1966.

¢ Adelman and Morris. 1968. have gone so far as 1o estimate the parameters of a socio-political-
economic model of deveiopment from international cross section data.

515



Indecd, all that nceds to be donc is ‘to specify a somewhat more complete
model that would integrate these various phenomena that have heretofore been
tooked at separately and often in an ad hoc manuer.

Individual efforts at macroeconometsic model building generate externalities
which can at least partially be captured by cooperation among teams of researchers
in different countries and teams of researchers working on intcrnational cross

sections of time series.

APPLICATION OF MACROECONOMETRIC MODELS TO PoLicY PLANNING AND
CoORDINATION . THE CASE OF CENTRAL AMERICA

Another justification for supplementing national econometric models with
international efforts or even international models is economic interdependence—
among major trading partners, of countries among which resources flow relatively
freely. If economies are interdependent, indirectly each country is affected by the

TABLE |
SPECIFICATION OF INDIVIDUAL COUNTRY MODELS FOR CENTRAL AMERICA
(1) GDP=C+1+G+Ex+Ei—-Nx—Ni
2 GNP =GDP + TT + NFY
3) Yd = GNP — Te — Tn — To
{4) C=ay+ay, 7d + a;;MS — a, TIME
(5a) K? = VS/
(5b) Sf=(1 + W)YGNP, _,
1 , B z
ISC) ’pl =Z|‘:K,’ - (l—;‘;l)l\l—l] =Z’“ + w)GNpl—l _l—_;TiKl—l
(5) Ip=ay4 + a3;GNP, _; + ayK, .y + @ TIME + ay,Zcm + a,CR
(59 Ip = a3 + a3, GNP, _, + a;,K, . + ay3Zcm + a; CR + ayTIME + ay¢lp, -\
(6) Ex = @30 + a3, Nus + ay;7e/Ex + ay;CR + a3 TiME + ayZem
4
N Ei' = ag + a4 ¥ Nily + a,,CR + a3R' + a TIME
j=t
(8) Nx = a4 + a5 ;GNP + as, Tn/Nx + a3 Zem + a5 CR + asqR + ayTIME
© Ni = ago + ag GNP + ag,Zcm + agyCR + ag R + ag TIME
) |
{10) K, = (ﬁi)’(h! + Ip, + g,
(11a) Tn = Nx-Tn-Nx-by definition
(1) Tn =a, + ayNx + a5, Tn/Nx
(12) Te = agq + ag,Ex + ay4,Te/Ex
(13) To = agy + 4q;GDP + a4, To/GDP
(14) CR = by, + b;;MS + b, TIME
(15) MS = b,y + b RM + b,, TIME
(16) BP = Ex + Ei — Nx - Ni + TT + NFY
(17) SG=Tn+Te+To~G~lg
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A. Endogenous Varizbles

Symbal  Variable Symbol  Variable

GDP  Gross Domestic Preduct Ni Intraregional Imports

GNP Gross National Product K Capital Stock

Yd Di'sposab!c Income Tn Import Tax Receipts

C Private Consumpiion Te Export Tax Receipts

! Total an_estmen! {Ip + Ig) To Other Tax Receipts net of Transfers
’.‘" Gross Private Investment from Government to the Private Sector
E Total Exports CR Stock of Credit to the Private Sector
Ex Extraregional Exports MS Money Supply (stock)

Ei Intraregional Exports BP Balance of Payments

N Total Imports SG Government Savings

Nx Imports from outside the Region TNET Total Tax Receipts net of Transfers to

the Private Sector

B. Exogenous Variables

Symbel  Variabie Symbol ¥ ariable
G Government Consumption R? Dummy Variable for Completion of
Ig Government Investment Integration Highways
RM Reserve Money TIME  Time (in years)
Tn/Nx  Tax Rate on imports TT Terms of Trade Adjustment
Te/Ex  Tax Rate on Exporis NFY  Net Factor Income from Abroad
To/GDP " Other” Tax Rate Nus Index of United States Imports
Zem*  Dummy Variable for Membership i~ POP Population
Customs Union P Index of Domestic Prices

C. Other Symbols

f_vmbal Definition L . Symbal Definition

Over a variable indicates estimate Subscript 1, t — 1. indicates time period

of that variable derived from another  » indicates desired

) _cqu'alion e indicates expected
Super:cript indicates country D befote a variable (as in DRM.
CorCR  Costa Rica DMS. DCR) indicates first diff-
E or ES El Salvader erencee.g. (RM, ~ RM,_ ). etc.
GorGU  Guatemala LPr Individual Country Linear Pro-
Hor HO Honduras gramming Model (without co-
N or NI Nicaragua ordination)
CM or Central America LPC Collective Central America
CACM Lincar Programming Mode!

{with coordination)

other country’s exogenous variables, including its policy instruments. Such inter-
dependencies have provided the motivation for large-scale cooperative efforts in
macroeconometric model building at the international level, especially in Project
LINK. If the effects of one country’s economic policies on another and vice versa
can be assessed quantitatively, the interdependent countries may be induced to
coordinate their policies and thereby better achieve their development goais.

In this section I will describe a small-scale effort to estimate these inter-
dependencies in Central America, which, as the result of the establishment of the
customs unicn known as the Central American Common Market, has achieved a
considerable degree of economic interdependence. The potential use of macro-
econometric models in policy planning is illustrated with respect to the optimal
policy choices for the Central American countries, first in the absence of policy
coordination among countries, and then again with complete coordination of
policies. By comparing the results obtained in these two cases with respect to the
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maximum income attainable for the region as a whole (and for the ind_iVid}Jal
countries of the region), an estimate Of.thb’ potential benefits of policy coordination
among countries of the region is gbtalneq. N ‘ .

Since our purpose here is stnctly.to l.llustrate the pqsmble use of cconometric
models for policy planning and coordination, the model itself and the presentation
of the model and methods utilized are as simple and concise as .pOSSIbie. The
interested reader is referred elsewhere (N.u.gent,. 1974) for detfnls. As Fhe reader can
see by referring to Table 1, the quel U.IIIIZCd; is of the relatively naive Keynesian
type, and therefore its usefulness is entirely l.lmned to the short run. The models
utilized consist of separate macroeconometric models qf each Ceqtral Amerlcan
country composed of 17 equations in 17 e.ndogenous vanable§ spec:ﬁ§d uniformly
for all countries.'® The five models are interrelated by the intraregional export
variables of each country i, Ei', which are inﬂuepced by the !evel qf ir?traregional
imports in each other country j of the region. N There are six policy instruments
in each country: government consumption G, government investment g, reserve
money RM, and the tax rates on imports Tn/Nx,onexports Te/Ex and on income
To/GDP. )

Estimates of the structural equations for each country were obtained by two
stage least squares. The results obtained for Costa Rica and El Salvador are presented
as examples in Tables 2A and 2B.

Because of the fact that investment is directly affected by lagged endogenous
variables, and that thereby almost all the endogenous variables are indirectly
affected by such variables, the model allows one to analyze the effects of the policy
instruments not only on the variables of the current pericd but also on those of
future periods. Since, in the formation of the model, no lags of greater length than
one vear were employed, most of these dynamic interconnections between policy
instruments and other variables will have begun to be felt within two years. For
this reason, and in order to keep the model as simple as possible and not to extend
it beyond its admittedly short-run capabilities, we have expanded the model so as
to include only two periods (years). This doubles the number of equations to 34 per
country (except for Costa Rica and Honduras, which lack credit equations). These
systems of 34 equations per country can alternatively be treated as separate models
or can be fitted together to make one big model for Central America, consisting of
34 » 5or 170 equations. Adding the following identities for each of the two periods
yields for Central America as a whole a complete system consisting of 178 equations.

(171-2) GDPA = GDP® + GDPE + GDP°' + GDP"° + GDPM

(173-4) CCACM _ (CR | (CES | (GU 4 CHO | ONI
(175-6) JCACM _ JCR , [ES | GU | [HO . NI

5 5
(177-8) 2 Ni¥= Y Ei' + transport costs between countries

for each year tand ¢ + 1.

10 . .
@ ' By multiplying the values of these other predetermined variables by the relevant reduced form
coefficients, these effects can be accounted for separately and consolidated into the constant ierm.
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This system of 178 equations is of the form :
(@) 1Y = AY + BX

where Y is the vector of 178 endogenous variabies and X is a vector of 98 predeter-
mined variables and a constant term. 4 and Bare matrices of dimensions [78 x i78
and 178 x 99, respectively. The solution to thjs system is given by:

(b) Y=(1- 4)'Bx.

This system of equations may be called the reduced form of the model because
cach of the 178 endogenous variables contained in Y is expressed as a linear func-
tion of the 99 predetermined variables only. (The constant term is treated as a
“variable” whose value is fixed at 1.0)

When the necessary calculations are carried out on the 4 and B matriccs
from any of the three models whose results were reported above, a 176 x 99 set
- of reduced-form coefficients is obtained. Such a matrix of coefficients expresses in
quantitative termns the impacts of each of the 99 predetermined variables on each
of the 178 endogenous variables. Since many of the endogenous variables are of
only sccondary interest, and since a number of the predetermined variables are
not policy instruments, there is no need for us to be concerned with the entire
matrix of reduced-form coefficients.

We concentrate instead on the reduced form coefficients of each of the six
policy instruments—G, Ig, RM, Tn/Nx, Te/Ex, and To/GDP-on five of the more
important target variables, i.c., GNP, private consumption (C), investment ({),
government savings (SG), and the balance of payments (BP). As an example of
these results, in Table 3 we present the set of reduced-form coefficients representing
the impact of a one percent change in the income and sales (referred to in the model
as “‘other” taxes) tax rates on three of the target variables (GNP, SG, and BP) in
each country, for each of the two time periods, tand ¢t + 1.

Although the primary impact of changes in the policy instruments is felt
in the country in which the action is taken, it should be clear {rom these results
that the policy changes do have very substantial effects in the other countries of
the CACM. It is not surprising to find out that the spreading effects on the other
countries tend to be greater in the case of Honduras and Nicaragua, the countries
with the greatest intraregional trade deficits. Another characteristic tevealed in
the results of Table 3 is that the impact of these policy chianges is not confined to
a single time period. Indeed, in many instances the lagged effects of the policy
changes are as great or even greater than the immediate effects.

With these estimates of the effects of the polcy instruments and other pre-
determined variables on the target variables over time (vear tand t + 1) and over
space (on each of the Central American countries), the job of economic analysis
has been completed. This analysis yields a matrix M of country, variable, and date—
specific multipliers of the vector of policy instruments, X 4. on the vector of
endogenous variables Y in which we are interested, Yy, namely the five target
variables GNP, C, I, SG and BP. M is thus the relevant partitioned portion of the
compliete reduced form matrix [/ — 4] 'B.

We may now move to policy analysis, wherein we reverse the direction of
the analysis, i.e., solving for the optimal policy instruments in terms of the (given)
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TABLE 3

Ty Ererets iIn Miinions oF CA Pisos ai 1962 PRICES OF A 17, INCREASE N "OIHER™ Tax Rais

(TolGPY

Coumr;\ Country in
and Which
‘ariable Action is
/\x?frclcdll::r \T;kcn Costa Rica  Ei Salvador  Guatemala Honduras Nicaragua
y merica
Ce(n;l’\rjali’A -10.10 —15.21 -23.14 -12.19 742
GNPt + 1 —531 —382 —~11.46 -5.31 ~24]
Costa Rica
GNP! -6.96 —-0.28 -0.584 -296 —0.41
SGit 371 -0.03 -0.09 -0.71 —005
BP! 241 -0.06 -0.18 -~ 04 -0.09
GNP: + 1 - 287 —0.19 ~-0.58 —-0.98 -027
SGrt + 1 —~0.31 -0.02 -0.08 —-0.21 -0.03
BPr + ! 096 .02 0.0 -0.46 6.03
E! Salvador
GNPt —1.22 —14.08 - 1.62 - 1.42 ~0.79
SGi -0.10 4.69 -0.14 —0.10 -007
BP: -0.16 372 -0.21 ~0.18 -0.10
GNPr + 1 -0.383 -306 -1.47 —~1.05 ~0.40
SGr + 1 - 007 -0.10 -0.09 063
BPr + 1 -001 - -062 -0.02 .01
Guatemala
GNPt - 145 0.64 -20.06 -242 —094
SGr -0.14 0.06 7.85 -0.33 -0.05
BP: -024 0.11 5.54 -0.55 ~0.16
GNPr + 1 -1.28 -046 -9.08 —-146 ~0.67
S$Gi + 1 -0.12 -004 —-0.85 ~0.18 -0.06
BPr + 1 -0.07 0.05 245 -0.09 —0.08
Honduras
GNPt —-0.18 0.08 -0.24 -5.14 —6.i2
SGi -0.02 0.01 -0.03 —-0.42 -001
BP: —-0.04 0.02 ~0.06 -0.33 -003
GNPt + 1 -0.14 ~0.05 -0.20 —1.64 -0.07
SGr + 1 -0.02 ~0.0t -00? -022 ~0.0t
BT: + 1 0.02 0.01 0.03 ~0.19 0.02
Nicaragua
GNPt -0.29 -0.13 -0.38 —-06.25 -517
SGt -0.04 0.02 -0.05 ~-0.03 4.04
BP: -0.06 003 -0.08 --0.06 3.07
GNPt + 1 -0.19 —0.06 -0.27 -0.18 -1.01
SGr + 1 -0.02 -0.01 -0.74 -002 -0.13
BPr + 1 - 0.0} -0.66 — 0.39

targets. Instead of fixed targets, we shall assume that the targets are flexible and
can be stated in terms of maximization and inequality constraints.

Specifically, we first arbitrarily choose one of the goals in Y,, ¢.g, GNP, as the
single flexible target to be maximized

(1) GNP, + GNP, , = Maximum.

Second, for each year, r and t 4+ |, set appropriate constraints on each of the
other target variables: consumption (C), investment (I), the balance of payments
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(BP), and government savings (SG). Specitically. the values chosen for the con-
straints were actual values of these variables for consecutive recent years for
which the data were available. 1967 and 1968.

) C > Coin
3) > 1
) BP > BP,,,
) SG 2 SG,,

Third, we include the trade-offs (M) between the instruments (X ;) and the
five target variables Y,, thereby constituting another 5 equations, cquations (6) to
(10) for each of the two years.

Fourth. we impose upper and lower bounds on cach of the policy instruments
so as to represent political constraints on extreme policy changes. The particular
upper and lower bounds chosen reflect maximum positive and negative changes
from year to year or deviations from the historical trends—whichever scemed most
appropriate in the particular country under consideration. (Nugent, 1974. Tables
5-1 and 5-2))

(tn Ex = Ex Min
Tn Tn
2 > Mir
(12) Nx Z Nx Ain
To To .
e >
(13) GDP Z GDp '™
(14) RM > RM Min
(15} G > G Min
(16) Ig > Ig Min
Te Te
(17) E_‘; < —E; Max
Tn Tn
To To
(19 GDP < GDP "
(20) RM < RM Max
(24 G < G Max
22) Ig < Ig Max

Since all of the variables can be scaled (and the constraints and equations
changed accordingly), one can add nonnegativity constraints on each of the target
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and instrument variables. This gives to the system of equations and inequalitics (1)
to i22) the form of a linear programming model.

Max X
{1 — A] X<B
X=0
The “dual” of the above ““primal” linear programming formulation has the follow-
ing form:
Min PR
Pl - A = C
P=0

The linear programming form offers the great advantage that solutions to
both the primal and the dual can be obtained casily and quickly. If there exists a
feasible solution to either the primal or the dual problem, there generally exists
an infinite number of solutions from which an optimal solutior can be chosen.
From the primal solution we can obtain the optimal policy package (X%). as well
as the maximum welfare attainable (CX%), given the constraints. From the dual
solution we obtain the optimal shadow prices (P*} representing the cost in terms
of welfare of tightening each particular constraint by one unit. In this case the
shadow prices provide both (1) the trade-offs between each limitation on every
policy instrument and the welfare criterion (GNP) and (2} the trade-offs between
each of the other welfare goals (C, I, BP, and SG) and GNP. Since all the shadow
prices are relative prices, and since all are relative to the same standard (in this
case GNP), ratios of the different shadow prices of the different constraints can also
be calculated. Thereby, a whole matrix of all the possible trade-offs between each
policy instrument and welfare goal can easily be obtained. These trade-offs are the
possibility-trade-offs. With knowledge about the possibility-trade-offs, the policy-
maker can choose the optimal pelicy mix by matching the possibility-trade-offs
with his desirability-trade-offs.""

Our present objective concerns only the primal solution. Specifically, we
wish to compare the welfare obtainable when complete coordination of policies
is possibie among countries of the region (utilizing the full Central America model)
with that obtainable when no coordination of policy among CACM members is
possible (utilizing the separate national models). Therefore, we shall confine our
attention to the primal problem solutions—the optimal values of the policy
instruments and especially of the target variables.

Using the model in the way we have just described for Central America as a
whole, we obtain the values for 1967 and 1968 given in the first two columns (i.c.,
the columns indicated “LPC unadjusted”’) of Table 4 from the optimal primal
solution to the linear programming model. The optimal solutions for the individual
country models are given in the second pair of columns (i.e., the columns indicated
“LPI unadjusted”). Note that in all cases the values of GNP and most of the other

! This method was dcveloped and applied in a somewhat different context in Nugent and DePrane.
1966. A general problem that arises is that this procedure is based on the incremental analysis and
pertains to discrete periods of time. This limits the model's abnhty to achieve much in the way of “finc-
tuning” of policy choices. Many analysts are for this reason using control theory approaches to policy
choices [Intriligator. 1971},
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target variables are larger in the Central America .mode! .(in which the policies of
all countries are determined simultancously) than in the single-country models (in
which the policies of each country are determined §cpuratc!y.). '

However, the difference in these two sets qf optimal solution values is not only
attributable to different approaches to policy de.termma'tlon but also to the
estimation errors in the intraregional import equations (Nz)—»—Ath.c only equations
treated differently in the aggregate Central Amer.lca model and in the individual-
country models. This stems from the fact that .N.x variables of the other countries
are treated as exogenous variables in the 1nd|v1dl{a!-counlry models but are, of
course, endogenous in the aggregate Central America model. In the former set of
models no estimation error is involved, whereas in the latter model estimation error
is introduced. In order to account for this difference in treatment we have computed
the difference in the values of the constant terms in the consolidated and abbreviated
reduced-form equations attributable to this source. We have then adjusted (e
original constant terms in the individual country mpdels upward by the extent 1
which the Central America model was overestimating each endogenous variabl;
and downward by the cxtent to which the model was underestimating each endo-
genous variable. Conversely, the opposite set of adjustments can be made in the
constant terms of the Central America model to make the results comparable to
the unadjusted individual-country solutions. The optimal solutions obtained from
the adjusted individual-country models are now given in the second pair of
columns (those indicated by ““LP! Adjusted™) in each of the tables. Similarly, the
optimal solutions obtained from the adjusted Central America mede! are now
given in the fifth pair of columns (those indicated by “LPC Adjusted™) in each of
these tables.

The solution values for the target variables from the first and second pairs of
columns are now comparable, inasmuch as the effect of estimation error in the Ni
equations has now been accounted for. Similarly, and for the same reasons, the
fourth and fifth pairs of columns are comparable. As the reader can easily see,
without exception, when full coordination of policies among countries is possible
(as in the Central America model), bigher iargets are achievable than when no
such coordination is possible.

However, it is still possible that our comparisons yield an overestimate of
the true benefit from regional coordination of macroeconomic policies in Central
America. This is because the individual-country optimizations were computed
without the benefit of knowledge about the optimal policy decisions in the other
countries, whereas complete coordination of policy in the Central America medel
was sufficient to provide perfect information. One might wonder how much better
the individual countries might have been able to perform with respect to their
goals if they had had perfect information about what the other countries were
doing at the optimum. We have recalculated the individual-country model
maximizations under conditicns where each individual country knows the optimal
solutions of the other individual countries by plugging optimal values of

;=, Nif # 1 (instead of actual values) into the reduced-form coefficients in
arriving at the values of the constant terms in the consolidated and abbreviated
reduced forms. The resulting constant terms can either be left alone (unadjusted)or
can be adjusted to account for estimation error in the Ni terms as before. The
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sets of optimal solutions for the individual-country models resulting from the
latter operation are shown in the third pair of columns (indicated “LPI Adjusted
and Periect Information™),

The reader can easily see that the provision of perfect information generally
brings the values of the target variables from the noncoordinated policy models
(the individual-country models) somewhat closer 1o those obtained from “LPC
unadjusted,” the complete Central American model with complete coordination of
policy. However, the effect of perfect information is not generally very large--
accounting for only a small fraction of the differences between the comparable
solutions obtained under complete coordination of policy and in the absence of
such coordination.

To test for the sensitivity of the results to changes in assumptions, parameter
values, and the political constraints, we have repeated the same procedures for
two different specifications of the macroeconometric models and also for alternative
sets of bounds on the flexibility of the pelicy instruments and secondary targets.
The results obtained in these alternative situations, as reported in full in Nugent
1974, indicate that the potential benefits of policy coordination among Central
American countries range from 2 to 7 percent of the region’s GNP. The fact that
the results were generally fairly insensitive to any and all of these changes and that
the underlying models seemed to perform fairly satisfactorily in making forecasts
and “backcasts” give reason to believe that the findings of quite substantial
potential benefits of policy coordination may be fairly representative. As to the
distribution of the potential gains among countries, the results indicate that
the smaller countries like Costa Rica and El Salvador would generally benefit
more than the large ones, and the richer ones more than the poorer ones iike
Honduras.

The higher incomes are attributable to the fact that, with coordination, each
individual country is able to pursue more cxpansicnary monetary and fiscal
policies than in the absence of coordination. For example, coordination makes it
possible for Costa Rica to follow more expansionary spending policies (higher
G and Ig) and to lower its export and “other tax” rates (Te/Ex and To/GDP,
respectively) in return for a slightly less expansionary monetary policy (RM). El
Salvador is able to increase government spending in the current period (¢) and
money supply in year t + 1 at the cost of a slightly higher *‘other tax” rate To/GDP.
Similarly, Guatemala is able to trade off an increase in the “other tax” rate in
year t + 1 for a reduction in the “other tax” rate in year t and an increase in
government spending in: year ¢ + 1. Honduras is able to reduce its “other tax”
rate in year t and to raise government spending in year ¢ + |. Finally, Nicaragua
is able to reduce its “other tax” rate in year t and lower its export tax rate in year
t+ 1

What these solutions reflect is that the greater flexibility derived from a
simultaneous solution for ali countries allows the countries to trade off slack in
some of the less binding resources or constraints for additional flexibility in some of
the more binding ones.

Naturally, however, all of the above conclusions must still be regarded as
tentative until they can be corroborated by other rescarchers with a stronger
data base and more satisfactory models.
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/

SoMi: SUGGESTIONS FOR INSTITUTIONALIZING RESEARCH (N
MACROECONOMETRIC MODELING OF L.DCs

My own experience in building some admittedly primitive nm.crocconomg.‘(ric
models for policy planning purposes has lcd‘me .to. tl:w following suggestxpns
for how research of this sort should be organized 1fv|t.as to be successfyl, First,
macroeconometric model building must be an on.go.mg. process. Presumab]).
because of lack of financing, most eﬂo_rts at modle building in LDCs have thyg far
been sporadic and discontinuous. It is h§arten|ng tq find that one mode] for a
Latin American country (Beltran del Rio and Klein, 1973) has alread}/ gone
through at least five versions over a pengd qfal least five years, and it shgula not be
surprising that the result has been quantltanvely and quallFatlvely supcrior to most
other models of LDCs. More funding should be made available for research of this
kind at the national, regional, and intcrnational ]evgls.

Second, it is very difficult for any one model bu1]dcr-~9r even team of mode]
builders—to be completely ‘‘objective’ in model fgrmulauon am_d thereby (o do
justice to all possible policy positions. Therefore, in demonstratmg. the benefits
and costs of alternative policy packages and deve]gpmem Strategies, a strong
effort should be made to foster competition between different teams of researchers,
each with its own model and “vision™ of the economy but all with the same data
and probably the same estimation proced.ures_. . ‘

Finally, a consortium of researchers in different countries ghould be tostered
whereby the different national experiences in macroeconometric model building
could be shared and exchanged and the various national efforts couid be assisted
with regional and international attempts to look at the same processes from the
perspective of internaticnal cross sections of time series data. Som_e of the research
efforts might investigate the interdependencies between countries and develop
policy models capable of pointing out the benefits of international cooperation,
perhaps utilizing the methods demonstrated with respect to the Central American
countries.

University of Southern California,
Los Angeles
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