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CENTER OF PLANNING
AND ECONOMIC RESEARCH

The Center of Planning and Economic Research
(KEPE) was founded in 1961 as an autonomous
public organisation, under the title “Center of Econom-
ic Research”, its basic objective being research into the
problems of the operation, structure and development of
the Greek economy. Another of its objectives was the train-
ing of young Greek economists in modern methods of
economic analysis and research. For the establishment
and operation of the Center considerable financial aid was
provided by foreign foundations.

During 1964, the Center of Economic Research was
reorganised into its present form, as the Center of Planning
and Economic Research. In addition to its function as a
Research and Training Institute, the Center, in its new
form, was assigned the following tasks by the State: (1)
The preparation of economic development plans at a na-
tional and regional level, (2) the evaluation of public
investment programmes, and (3) the study of short-term
developments in the Greek economy and advising on
current problems of economic policy.

For the realisation of these aims, the KEPE, during
its first years of operation (1961-1966 ) collaborated with
Soreign scientists and foundations. The latter helped in
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the selection of foreign economists who joined the Center
to carry out scientific research into the problems of the
Greek economy and in the organisation of an exchange
programme, including the post-graduate training of young
Greek economists at universities abroad.

The Center has also developed a broad programme of
scholarships for post-graduate studies in economics. Thus,
in collaboration with foreign universities and internation-
al organisations, a number of young ecomomisis from
Greece are sent abroad each year, to specialise in the
various fields of economics. In addition, the KEPE organ-
ises a series of training seminars and lectures, frequently
given by distinguished foreign scholars invited for that
purpose to Greece.

In addition to the above, the KEPE maintains con-
tact with similar institutions abroad, and exchanges pub-
lications and information concerning developments in
methods of economic research, thus contributing to the
promotion of the science of economics in the country.
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PROJECT LINK

The central research strategy of the project on
the international linkage of national economic
models (LINK) is to tie together, in a consistent
way, the ongoing major macro-econometric mod-
els being used in each of the main countries or
regions of the world, on the assumption that each
model builder knows his own country (area) best.
An alternative approach would be to construct
a standardized (perhaps simplified) model for
each country or region centralized in one re-
search institute, and link them together by a giv-
en mechanism.

An American model for the US, a Canadian
model for Canada, a Japanese model for Japan,
etc., have formed the constitutent parts of LINK.
The approach is so general that we have allowed
some models to be annual and some quarterly;
some to have large monetary sectors and some
mainly real; some are demand oriented and some
are supply oriented. The key to linkage was that
in 1968, when the cooperative international study
group was first formed, the trade accounts for
each model would be designed along particular
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lines. Freedom in model structure ceases at this
point.

Most national or regional models of this type
that make up LINK treat imports and export
prices as endogenous. Imports are demanded or
required along the same lines that corresponding
domestic goods/services are demanded or re-
quired. Export prices, for the most part, follow
domestic costs as do other prices. The exceptions,
for export prices, are world commodity prices, for
which many individual countries are price takers
or attempts by countries to remain competitive in
pricing manufactures. Special treatment of the
commodity price case will be taken up later.

In contrast to the endogenous treatment of im-
ports and export prices, most national macroeco-
nometric models treat exports and import prices
as exogenous. Some models explain exports and
import prices as functions of both endogenous and
exogenous variables, but the latter are the more
significant. The purpose of the LINK system is, in
a sense, to endogenize exports and import prices.
On a world scale both exports and imports
(export prices and import prices) are endogenous.
At a restricted country or regional level, a full
endogenous explanation is not generally possible.

Let us assume that if exports and import prices
are given for each country or region, the individ-
ual models can be solved. How does the world
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(LINK) model determine exports and import
prices? To answer this question, it is convenient
to introduce the concept of a world trade matrix.
A square array showing exports from country i
(row) to country j (column) will be denoted

X=(x,)

This can be converted into a trade shares matrix
by dividing the entries by the j-th country’s im-
ports.

A = (ay) = (Xij/xy)

n
X -j:“z Xi]
fes]

Let E be a column vector of exports and M a
column vector of imports. Corresponding prices
are PE and PM.

By definition, we shall be able to show the re-
lation between exports and imports as

(1) E =AM

If the column sums of A are each unity, by con-
struction, we find that the generation of E from
equation (1) guarantees that the world identity
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2) SE=3M,

holds. This says that world exports equal world
imports. This is a “law of conservation” or an
accounting identity that takes account of the fact
that somebody’s imports are someone else’s ex-
ports. This relation holds for subgroups of com-
modities as well as for total trade. Of course, all
E, and M, have to be measured in common units
— let us say, in constant US dollars. Valuations
must also be identical, say, FOB. There may be
some delays and discrepancies in valuation among
countries; therefore (2) may not hold precisely,
but with world totals in the neighborhood of
$ 1,000 billion, the identity ought to hold within
an error of about $ 1.0 billion.
A companion identity is given by

(3) (PE)’ E = (PM)’ M

This states that the nominal (dollar) value of
world exports equals the nominal (dollar) value
of world imports.

If we substitute from (1) into (3), we obtain

(PE)’ AM = (PM)’ M
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This is an identity in M; hence term-by-term we
have

(4)  I(PE)A,; = (PM), j=12,...n

1

The two fundamental relations for endogenizing
exports and import prices in the world economy
are thus (1) and (4). We may call (1) the row
problem or transformation, by which rows of A
are used as weights to combine imports (endoge-
nously generated in national models) and trans-
form them into exports.

In (5), we use the i-th row of A to convert the
vector M into the i-th element of E. Correspond-
ingly, we call (4) the column problem or trans-
formation, by which columns of A are used as
weights to combine export prices (endogenously
generated in national models) and transform them
into import prices.

These are consistent transformations that pre-
serve the world trade accounting identities in
both current and constant prices.
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The trade matrix A is assumed to be a set of
technical parameters. If countries are involved,
the diagonal elements are zero — a country does
not trade with itself internationally. If regions are
involved, intercountry trade, within the region,
is entered on the diagonal. This approach is quite
elegant and useful, but the problem is that A is
not a constant matrix. It varies through time, and
much of LINK research is devoted to attempt-
ing to project the elements of A directly or
indirectly for their dynamic movement. There are
great similarities between A and the matrices
used in input-output analysis. The problem of
allowing for changing trade shares is quite the
same as the problem of allowing for changing
technology in input-output analysis.

The LINK Matrix

The rows and columns of the LINK matrix
stand for the individual countries and regional
groupings. At this time, they are:

Australia (Reserve Bank of Australia Model)

Austria (Institute for Advanced Studies Model)

Belgium (Free University of Brussels Model)

Canada (Trace Model, University of Toronto)

Finland (Bank of Finland Model)

France (POM POM Model, Free University of
Brussels)
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Germany (Bonner Model, Bonn University)

Italy (Bologna Model, Istituto di Scienze Eco-
nomiche)

Japan (Kyoto Institute of Economic Research
Model)

Netherlands (Central Planning Bureau Model)

Sweden (National Institute of Economic Research
Model)

U.K. (London Business School Model)

U.S. (Wharton Model)

Developing countries (UNCTAD Models)

Socialist countries (SOVMOD of Wharton EFA -
and Stanford Research Institute, CMEA Mod-
els of UNCTAD)

Rest of World (residual calculation)

This is an evolving system. Models are regularly

being replaced or added. A new Swedish Model

built at the Stockholm School of Economics is

to be used soon in place of the present Swedish

model. New models for the six CMEA countries

outside USSR (Czechoslovakia, Bulgaria, East

Germany, Hungary, Poland, Rumania) are being

built by UNCDPPP. The USSR is separately

represented in SOVMOD of WEFA/SRI. The

developing world is modeled in four regions —

Africa, Middle East, Latin America, and South/

East Asia. OPEC and non-OPEC nations are

treated separately in trade equations. Individual

small models have been built for each of the
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ROW countries, but these have not been fully
introduced into the LINK solution yet. For trade
purposes, China, Vietnam and North Korea are
included in the socialist row and column of the
trade matrix.

The regional models for developing countries
are solved separately. Their exports and imports
are added together (all in US dollar units) to ob-
tain single area totals for the trade matrix calcu-
lations. Total exports are determined from the de-
veloping world component in (1), but the distri-
bution among regions in the developing world is
determined by the area models solved in satellite
mode. The same procedure is used for the so-
cialist countries and could be used for the ROW
countries when centrally built models are intro-
duced for them.

The matrix, therefore, consists of 16 rows and
columns. It could be expanded into a larger ma-
trix with separate representation for each of 12
ROW countries, but it will be difficult to make
further disaggregation of the matrix for individ-
ual developing and socialist countries. It would
be possible, but would require a great deal of
work.

The latest period for which a matrix is fully
available is 1971. In Table 1, the matrix is pre-
sented in current dollars (US). The data are
made available in 10 SITC groupings at the
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one-digit level. They are regrouped for LINK
calculations into the following categories :

SITC 0,1 food, beverages, tobacco
2,4  basic materials
3 fuels
5-9  manufactures and other.

Valuations of exports and imports are both FOB.

Goods (merchandise) alone are included in the
trade matrices, but total trade must be made con-
sistent with the same concept that is used in the
national income accounts because the macro mod-
els in LINK are all built around the NIA con-
cepts, and that means exports/imports of goods
and services. Service imports and exports must be
added to the FOB goods totals, but there are no
controlling accounting statements to show the bi-
lateral flows of services. They must be determined
separately from total relations of service flows for
each country/region. There is no automatic pro-
cedure for equating world exports of services with
world imports of services.

The goods groupings by SITC classes appear
to bring a fair amount of detail into the analysis
of trade; but in some economies, these groupings
are too crude, especially in the broad grouping
SITC 5-9. Trading relations for some countries
are so specialized that equations for finer sub-
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groups must be used in order to give economic
meaning for analysis of the country’s economy. To
fit into the LINK system, however, it is only nec-
essary to add together results from the more de-
tailed equations to get estimates for the standard
groupings used.

The LINK Algorithm

A standard procedure is used to solve the LINK
system so that the world restrictions on equality
between exports and imports are preserved. If each
country specialist is left to his own information
for making economic projections from solutions of
his particular model, there is no mechanism for
insuring that the total of exports will equal the to-
tal of imports. In fact, the usual situation is that
countries/regions, as a whole, will expect to export
more goods in the world economy than the same
countries/regions will expect to import. It is not
necessarily the case that exports so determined
will exceed imports, but it usually works out that
way.

To start a solution (projection or simulation)
of the LINK model for the world economy, each
individual model is solved by itself in pre-LINK
mode; i.e., for given assumptions about the coun-
try’s or region’s exports and import prices. In a
symbolic sense, we can express any endogenous
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variable of a model as a function; in reduced form,
of exogenous inputs including exports and import
prices.

(6) Mi = f;(Ei, PMi:' & )
(7) PEi = &i (Ei’ PMi:' 4 )

The pre-LINK solution of the model for country
i will be determined on the basis of assumptions
about exports and import prices, together with
assumptions about other input values associated
with domestic policies and other exogenous vari-
ables. These import values and export prices so
determined from f; and g; for each country/region
are then substituted into equations (1) and (4).
The pre-LINK values are in own-currency units
and must be converted at exchange rates into
$ US for use in (1) and (4). After values for E and
PM are computed from these trade matrix equa-
tions, they are converted into own-currency units
before being put back into individual models. It
is generally the case that the values of E; and PM,
will be different from those used in the original
pre-LINK solutions.

This set of calculations will be iterated until the
values of E; and PM,; do not change from iteration
to iteration. Actually, the convergence criterion
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n
is implemented on iterated values of X E; (total

T==]
world trade). The equality between world imports
and world exports is guaranteed by the structure
of equations (1) and (4). This is a statement of
the algorithm. It is portrayed graphically in Fig-
ure 1.

There is one major complication in the LINK
methodology. It is implicitly assumed that the
trade matrix A is constant. Over historical periods
with some time delay, there is an annual obser- -
vation of A,, and we could use a different A, for
each year’s solution, but in forecasting, it is not
possible to know A; in advance. Equation (1) is
an identity if written as

Et - At Mt

On the other hand, if a base period value A, is
used, the equation must be

E; = AM; + R;

where R; is a “residual” vector. There are two
options for research: 1. Model the elements of A,
in order to project the whole trade matrix through
time or 2. Model R, to project the movements of
total country exports through time. Both methods
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are being investigated within the LINK project.
It is easier, in a sense, to model R, because there
are fewer elements in R; than in A;. An obvious
specification is to use principles of the linear ex-
penditure system (LES). It has the property of
preserving budget restrictions in consumer theory,
and these can be immediately adapted to the pres-
ervation of the accounting identity between aggre-
gate imports and aggregate exports. The LES also
has the property of taking account, in a simplified
way, of relative price effects on demand. In the
present case, the analogous idea is to take account
of relative changes in international prices to ex-
plain changes in trade. In particular, the changes
that are associated with exchange revaluations,
energy prices, food prices, and other raw material
prices are important in the context of international
trade analysis of the recent and present period.

Country i’s exports can be computed from

(8) (PE)y Eyy= o4 (PE)y+8; [Ag (M$),]
=i Zoy (PE);,
J

In this equation, A, is the i-th row of the base pe-
riod (0) trade shares matrix A,, where A, is under-
stood to be evaluated from current-priced trade
flows. (M §); is a column vector of imports, eval-
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uated in current US§. If B;=1 and Zvy;=1, we
i

have the full restrictions of the LES and the
adding-up property holds

? (PE)it Eit = z.:'AOi (M$)t
1 1
or
% (E$)i = 2 (M§)y
1

1

The export equations are written in static form,
but time trends for taste or technical changes and
lags may be introduced in order to make the ex-
port side dynamic. In practice, we have usually
estimated {3; by regression methods (slightly above
or below unity) and vy; (also by regression)
by assuming an a priori weighting scheme for
Zo; (PE);;. The results show, empirically that the
i
world identity holds within $1-2 billion in a total
of $800-1,000 billion. In some special calcula-
tions, however, we have also estimated the LES
system under full constraint. These constrained
equations are presently being tested in the LINK
system.

The Hickman-Lau method based on Arming-
ton’s Constant-elasticity-of-substitution (CES) tra-
de world comes to practically the same aggregate
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export equation, but estimates elasticity of sub-
stitution parameters from the moving time series
sample of trade matrices. It uses some more bi-
lateral trade information in its estimates before
making a linear approximation and aggregation
to a final export equation.

Hickman and Lau! index the quantity of im-
ports for country j as

n
©) X-j = [SbyX, ]

1=

This is the CES formula. Cost minimizing quanti-
ties of bilateral import flows for given X.j are:

Xy % Py
e X.j =M <pjm)

where the import price index is

n
(11) P;n = [z bij o‘j Pi(i_o-j)]ll(l_o.j)
1
2T 140

1. B.G. Hickman and L. Lau, “Elasticities of Substitution and
Export Demands in a World Trade Model”, European Economic Re-
view, 4 (1973), 347-380.

29



The cost minimizing equations are estimated from
pooled cross-section, time series samples to get
estimates of o; for each country. Dummy variables
for country designations are used to estimate differ-
ent constant terms for each exporting country in
the j-th market.

Their linear approximation to the export equa-
tion for the i-th country is:

n
(12) E =_Z'1a?jX J- (G E) (P —Fp)
J:

ajj = base period trade share coefficient.

n 0
6= X o O
J= 1 A
n 0
Pe — 0j Xij m
i _. Z o EO ]
S

In this form, the export equation is very close to
the LES type. The first term on the right hand
side is the base period weighted sum of partner
country imports, with weights given by the i-th
row of A,. The next term shows the partial vari-
ation in exports as a function of the spread be-
tween export prices of country i and an average of

30



other countries’ prices. In the LES case, a price
ratio would be used in place of a price difference.

Finally, direct modelling of the trade share coeffi-
cients has been proposed by Moriguchi.* His equa-
tions are

_ (PE)y (EC)e
(13) In ay =4 1In “(PCE),, + ln‘—w
‘ii.(“ik + 01 Q1) Qe
1

a;;, are real trade share coefficients.

(PC‘E)it =k2 Wi (PE)y,

1

EC = export supply capacity (fitted trend)
Q. =1 after 1965; otherwise zero
th= 1 k=j

=0 otherwise.

1. Chikashi Moriguchi, “Forecasting and Simulation Analysis
of the World Economy”, American Economic Review, Papers and Pro-
ceedings, LXIII, (May, 1973), 402-409. The Moriguchi model
presented here is an updated version.
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The period-to-period variation of a;; thus depends
on relative sizes of E and M and on relative prices,
PE compared with PCE. The dummy shift vari-
ables denote country of destination. A pooled
cross-section, time-series sample as in the case of
Hickman and Lau is used for estimation. They
can also be dynamized by the introduction of
trends and lags. These are the three main linkage
mechanisms being used or investigated in the
LINK system:

LES
Hickman-Lau
Moriguchi.

Other approaches have also been suggested.! They
all have similar objectives, but use more or less of
the trade matrix data available.

Some LINK Applications

The most straightforward case of LINK system
application is simulation of the model— either over
an historical period or into the future in gen-
uine forecast applications. Both applications have
been made extensively but it may be more interest-

1. Kanta Marwah, “A World Model of International Trade’
Forecasting Market Shares and Trade Flows”, Empirical Economics,
1 (1, 1976), 1-39.
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ing to explain the procedure of forecast simulation
into the unknown future. Customarily, the model
has been projected three years into the future, but
the system simulation from which the calculations
have been made has been either four or five years
in duration. There is no reason to stop at the three
year forecast horizon, other than the amount of
work to be done in assembling input values, accord-
ingly, a “stretched” simulation for another 3-8 years
is described in a subsequent section.

Towards the end of a calendar year, all LINK
model proprietors are requested to send new in-
put values for the year just completed (not fully
known in economic reporting detail at the time)
and for three future years. The inputs consist of
initial conditions (lagged values of variables), fu-
ture values of exogenous variables, and any equa-
tion changes since the last LINK solution. They
are sent by card deck, tape, or telex listing of input
changes. Every separate model is solved in pre-
LINK modeat LINK Central (Philadelphia) to see
if the model proprietor’s solution can be duplicated.
A complete listing of pre-LINK solutions is pre-
sented to all participants, at an international meet-
ing in March. There may also be a first attempt
at full post-LINK simulations. The main point is
that all model proprietors see the whole range of
country/area results all at once. After the March
meeting, the post-LINK simulations are revised
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with reconsidered input values and adjustment to
new readings on the economy. Another round of
forecast critique occurs at the end-of-summer
meeting (August-September) and a final post-
LINK simulation is issued during the closing
months of the year. At that time, a new three-year
forecast cycle begins.

International trade data are reported with con-
siderable time delay; therefore, at the time the
first calculations are being made in a forecast
round for years t, t+ 1, t 4 2, only scattered in-
formation is available for t-1. The first step in a
LINK forecast simulation is to solve the system
for year t-1; i.e., a 1975 solution in early spring
1976. Broad features for the economy of t-1 are
known. The largest countries have up-to-date re-
porting systems. Each separate model is adjusted,
with add factors in some leading individual equa-
tions, to come as close as possible to correct or
plausible values for t-1 (occasionally for t-2 as
well). Unless there is firm evidence of a very tem-
porary disturbance, the add factors are left at val-
ues set in t- 1 and kept as “exogenous” input for t,
t+1, t-+2. Once a solution for t-1 is obtained, the
dynamic sequence of solutions for the future years
follows fairly quickly. At the time the forecast is
first made for year t, some months of the year may
have already elapsed, but very little is known on
a quantitative level for the whole world economy
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at that time. As the year progresses and the solu-
tion continues to be refined, some preliminary in-
dications of the year’s outcome are accumulated,
but they are not fully known until t+ 1.

The LINK system consists of some 5,000 equa-
tions, and it is hard to summarize it in just a few
variables. Records of LINK performance have
been made for the past six years in terms of main
world, country, or region magnitudes. These con-
sist of world trade, world GDP growth, world in-
flation, and the same variables for individual
countries or regions.! To summarize the main re-
sults of these retrospective error analyses, let me
say

The system has been perceptive in picking out

the main movements in total world trade.

Forecasts of volume have been better than fore-

casts of price movements.

World and country GDP movements have been

reasonably well forecast, especially some of the

recession-recovery effects of 1974-1975.

Individual trade flows have been estimated with

1. L. R. Klein, “Five-year Experience of Linking National Eco-
nometric Models and of Forecasting International Trade”, Quanti-
sative Studies of International Economic Relations, ed. H. Glejser (Am-
sterdam: North-Holland, 1976); Keith Johnson and L.R. Klein,
“Error Analysis of the LINK Model (3rd World Congress of the
Econometric Society, Toronto, Canada, August, 1975, LINK
Working Paper =£7 (LINK Central: Economic Research Unit,
University of Pennsylvania, Phila, Pa., 19174).
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fair accuracy, but estimates for some large re-
gional groupings have been poor.

The main imbalances, especially some that are
persistent, have been indicated in advance.

Following a LINK forecast meeting during
March, 1976, the central secretariat distributed in
July 1976, some post-LINK projections for 1974-
1978. The historical years 1974-1975 were used for
lining up LINK system relationships so as to repro-
duce, approximately, the main economic magni-
tudes. The system, so tuned, was then extrapola-
ted to 1976-1978. It may be useful to summarize
here the main results of the forecasting exercise,
although the projection will be revised for the
September, 1976, meetings of LINK.

There is a very definite story to this forecast.

(i) World inflation is projected to decline grad-
ually. This holds both for world export prices
and world GNP (GDP) deflators. The former is
a dollar denominated index and the latter in own-
currency units. This has been a familiar LINK
forecast position since 1974 and is basically working
out in that way.

(i) World trade, after falling in real terms

1. The division of the change in world trade at current prices
into a volume component and price component was changed so
that volume was projected to grow relatively more strongly in
1976. Also, the strong rate of growth for 1978 in world trade was
scaled down slightly, while 1976 and 1977 were raised.
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1974-1975 (a most unusual event) is expected to
recover significantly and improve year-by-year
over the forecast horizon. By 1978, world trade
is projected to return to the vigorous growth path
that it had enjoyed before 1973. This is a hopeful
sign for the world economy.

(iii) World production paused in 1975, with
practically no change. There was a serious re-
cession throughout the industrial (OECD) world.
Its effect was felt in the developing world, and the
Soviet grain failure contributed much to a poor
showing in the Socialist world. The poor Soviet
performance was factored into LINK forecasts dur-
ing summer 1975, partly as aresult of discussion at
the annual LINK meeting. The world recovery in
production is strong but shows a tendency to slow
a bit by 1978, subject, of course, to a generous
allowance for forecast error.

This world summary, useful and indicative as
it is, covers up a great deal of variability among
countries or regional areas. Some output, inflation,
and trade projections are given for individual mod-
els in Table 3. Trade deficits for Italy and US
persist in spite of currency devaluations. Also,
France shows a tendency to develop a trade defi-
cit. The German and Japanese surpluses are note-
worthy, as is the tendency of the US balance to
move towards surplus after experiencing a deficit
in 1976.
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A pattern of early strong growth in US, Japan,
Germany for 1976 is supplemented by later strong
performance in Canada, France, Italy, Nether-
lands. The UK remains on a moderate growth
path for the duration of this simulation. The de-
veloping countries gradually pick up towards their
established growth targets after the slow down in
1975-1976. The Soviet Union is also expected to
perform closer to growth potential after the set
back from the poor harvest of 1975.

The tendency towards improvement on the in-
flation front is seen to be pervasive across countries.

This example is a straightforward case of pure
forecasting. A greater application potential is in
the area of alternative simulations. Over the past
several years, the LINK system has been used to
study:

exchange rate alternatives

synchronized business cycle movements

different (lower —towards 1973 values) oil prices

alternative fiscal policies in the U.S.

transfers to developing countries
Some of these have been reported in the second
LINK volume.!

1. The Models of LINK, ed. by J. Waelbroeck, (Amsterdam:
North-Holland, 1976). See also, K. Johnson and L.R. Klein,
“LINK Model Simulations of International Trade: An Evaluation
of the Effects of Currency Realignment”, Fournal of Finance, XXIX
(May, 1974), 617-30, and Economic Report of the President, (Washing-
ton, USGPO, 1976) p. 1935.
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New LINK Horizons

Over the years of Project LINK development
since 1968, deficiencies in the system have been
pointed out, only to spur research proposals for
remedying the situation. Year by year, research
along the lines of improving the system are brought
to fruition. The areas of investigation are:

1. Introduction of more models, especially for
ROW countries and Socialist countries.

2. Integration of commodity models in the
LINK system.

3. Addition of capital flows to the present anal-
ysis of trade flows.

4. Stretching the time horizon of extrapolation
simulations.

In the early years, new models were added to
the LINK system, particularly for France and Ita-
ly, where there were no ongoing econometric mod-
el projects that would have provided suitable
participants. Substantial French and Italian mod-
els are now in LINK, although it is hoped that a
French domiciled model will eventually become
available. Models for Austria, Australia, and Fin-
land were gradually added in the formative years.
In the future, more countries now classified in the
ROW group will eventually appear with explicit
models. In fact, a moderate sized model of each
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ROW country is now available, and these will be
entered in due course, but some larger models
from specific ROW countries will be included, too.
The same is true of LDC countries, that are now
covered up in regional model groupings.

A major step has just been taken with regard
to the modelling of socialist countries. The large
scale model of the Soviet Economy (SOVMOD
IT) that has been built by Wharton EFA, Inc.
and Stanford Research Institute has been fully
linked to the system. Pre-LINK solutions of SOV-
MOD 1II have been consulted for some time in
judging socialist area results, but it is only in re-
cent months that SOVMOD II has been made
part of the system. Work is under way to build in
separate models for the other socialist countries in
a similar way. Models are available from the UN
for East Germany, Poland, Czechoslovakia, and
Hungary. Soon, we expect to have models for
Bulgaria and Rumania, as well.

We have the capability of working with a larger
trade matrix to devote separate rows and columns
to each ROW country, but the socialist and devel-
oping countries are represented by two row-col-
umn pairs, and it is unlikely that individual rows
and columns can be prepared in the near future
for the separate socialist and developing countries.

Commodity models are important in the context
of LINK for determining prices of basic materials
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that are widely traded on world markets. In the
endogenous explanation of export price in separa-
te LINK models, it is only partly true that internal
or domestic costs and capacity pressures determine
export prices. In many cases, countries act as price
takers on world markets for the major grains, trop-
ical foods, fibers, metals, and other industrial ma-
terials. These prices, together with world demand
factors, determine export earnings. It has proved
easy enough to use LINK output to determine
world demand and use that as input in world
commodity models, but the feedback from the
balance of supply-demand conditions to the func-
tioning of country models is just being developed
and programmed into the LINK system. There
will have to be some iterations, back and forth,
between the commodity and country models of
LINK. It is entirely possible that first results in a
feedback mode will become available in 1976.

The balance of payments statement contains the
balance of trade as a subgrouping. In a world of
floating rates it is more urgent than ever to extend
quantitative international economic analysis from
trade to payments.

For an individual economy, a basic identity is

(PE)E - (PM)M - TR + NSK + NLK = AR
(PE)E = current value of exports
(PM)M = current value of imports
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TR = remittances and transfers
NSK = net short term capital inflows
NLK = net long term capital inflows
R = reserves

The trade balance (goods and services) is given
by the first two terms. If remittances and transfers
are subtracted (-TR) from the trade balance, we
obtain the balance on current account. To this,
we add net capital inflows on both short (NSK)
and long (NLK) term to complete the payments
balance. The payments balance will cause reserves
to rise, if positive, or fall, if negative. Errors and
omissions will naturally throw off this identity,
but we are assuming full and accurate measure-
ment.

Equations must be developed for TR, NSK and
NLK. The change in reserves will be determined
by the identity. TR will depend on incomes earned
domestically and needs in the countries of desti-
nation. Such equations will not be easy to con-
struct. As for the grants part of TR, they should
probably be treated as exogenous.

Capital flows, short or long, will depend on in-
terest rates at home and abroad, the latter being
represented in many cases by the Euro-dollar rate.
These flows will also depend on the current
account balance, relative growth rates, relative in-
flation rates, and exchange rates among other
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possible variables. The main point for model de-
sign is that the explanatory variables for capital
flow equations should be variables that are gener-
ated elsewhere in the LINK system. This prop-
erty will necessitate a financial module in the sep-
arate LINK models. At the present time, only
about one-half the models have financial sectors.

Assuming that reasonable equations for TR,
NSK, and NLK can be developed, what can be
done with them? The determination of AR from
the identity provides us with an important deter-
minant of money supply. In many countries, but
not all, money supply will depend on the net for-
eign balance and the net domestic balance. In-
ternal surpluses or deficits are generated in the typ-
ical model. If the external surplus or deficit can
also be generated, we then can relate money
supply to these two bases. In a country like the
United States, monetary authorities can affect
money supply independently of AR, but this is not
possible in countries with limited markets for pub-
lic securities. But if money supply is to be deter-
mined on a comprehensive basis throughout the
world, it will be necessary to know AR, country
by country.

Finally, the balance between demand and sup-
ply of a nation’s currency will determine move-
ments in the exchange rate; so the end of the
process should be an attempt to endogenize the
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exchange rates within the world LINK system.
This is the potential pay-off in this long line of re-
search that lies ahead in augmenting the trade flows
of LINK by adding capital flows to the system.

The fourth area of LINK system enhancement
is the time horizon for simulation, particularly ex-
trapolation simulation into the future. At an early
stage of LINK research there were programming
difficulties in constructing multiperiod simulations.
These were purely technical matters of storage fa-
cilities and programming effort. At the present ti-
me, there is no effective limit on the number of
time periods in the span of a simulation. The only
limitation is in the set-up and filling in of exoge-
nous inputs over the span of the simulation. This
is no problem when simulating historically over
the sample period, because each model’s data file
is on a disc file and can be accessed automatically
for purposes of withdrawing exogenous inputs over
several years.!

There is a big difference between simulating
history and projecting possible future scenarios.
In the latter case, it is necessary to prepare exten-
sive lists of exogenous inputs for each of several
models. It is a major task to do this for the typical
3-year horizon of LINK and has not been under-
taken on a system-wide basis to 1980 or 1985.

1. See K. Johnson and L.R. Klein, “Error Analysis of the LINK
System”, op. cit.
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In the formative stages of the LINK project, there
were urgent pleas from some quarters, especially
developing and socialist countries, to try to simu-
late for longer run periods, say to 1980 or 1985.
With the advent of major disturbances — Smith-
sonian agreement, harvest failures, oil embargo,
world recession cum inflation —interest focussed
keenly on the short run. The three-year horizon
still retains its attraction, but as world economic
events have calmed a bit, attention has shifted
again towards somewhat longer run simulation
calculations. ,

In order to save computer costs and to get round
the chores of making up long series of exogenous
inputs, we have developed a shortcut approach to
stretching the LINK time horizon. The method
works through a reduced-form trend approach. It
is assumed that, notionally speaking, there exists
for each model a set of reduced-form equations.

(14) M = £y (E,PM,¢)
(15) PE = £, (E,PM, 1)
(16)  GNP= f, (E,PM,t)
(17 P = £, (EPM,t)

These equations imply that if total exports, aggre-
gate import price, and time trends (surrogate for

1. See equations (6) and (7) above.
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smooth development of other exogenous vari-
ables), are given, we can find a solution for the un-
linked version of each model by itself. We then
proceed to try to estimate these equations fy, fg,
f, fp by using system properties. We systematically
shock a model in pre-LINK mode by changing E
or PM and compute the corresponding values for
the left hand side variables. This is a typical multi-
plier calculation, and we compute multipliers as

AM AM APE APE AGNP
AE > APM’ AE ’APM’ AE °
AGNP AP AP
APM ’AE’ APM’

We form the linear approximations
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We fix the first two coefficients on the right hand
side of each approximation from the multiplier re-
sults and estimate the next two from a trend re-
gression. In place of using the whole country mod-
el with exogenous input values in the usual post
LINK solution, we use the above reduced-form
approximations. The only input needed is t. After
M and PE are generated from initial assumptions
about E and PM, we pass the results through the
usual LINK algorithm and iterate until world
trade value converges. After a convergent solution
is found for trade values and prices, we compute
GNP and P from the corresponding reduced form
approximations. Extensions to other model vari-
ables besides GNP and P can easily be made.
The calculations are made, naturally, by separate
SITC groups for all the trade values and prices.

In some cases, good multiplier estimates have
not been obtainable. We have then estimated the
approximate reduced-form equations by straight-
forward applications of regression methods.

No attempt is made in this short cut procedure
to capture short-run business-cycle movements.
The aim is only to extrapolate the main trend com-
ponent of the simulation. The reduced-form equa-
tions are introduced at the end (last period) of a
regular full LINK solution. The equations are ad-
justed so that they reproduce the same results
across countries or regions for the trade, GNP, and
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price variables. The adjusted system for reduced
form is then extrapolated further into the future
with the objective of capturing trend results in
world trade.
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