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Global modeling has evolved remarkably in the last (wo decades.
Such evolution led global modeling to perform today's role as an experi-
mental laboratory for the social sciences, and particularly far applica-
tions to policy planning. Two of the mest interesting applications to
policyare to resource economicsand to economic models of Morth-South
Relations, f.e., the relationships between industrial and developing
countries., Examples of North-South Policy issues instigated by global
modeling are developed in the third section, This is in the context of a
United Nationa model of technology and North-South relations which
cvolved from the Bariloche global model. Further applications of global
modeling are outlined in the final section.

1. Imntroduction

Global modeling emerged twenty years ago as an effort to address the
world’s long-term problems (Meadows efal, 1973) and to predict
important trends and crisis points, The field has evolved methodologically
10 become an experimental laboratory for the social sciences. This evolu-
lution will be exemplified by studying that of the Bariloche model, one of
the first global models, and analysis of the full development of its impli-
cations for trade policies and North-South relations.

The initial global models were very dependent on their particular
assumptions and on the initial data which was fed into them: this made
them of limited reliability and thus of limited usefulness for policy appli-
cations. Their robustness and their applicability required further analysis.
One way this was accomplished was by considering simplified and smaller
versions of the model, and by performing qualitative analyses of the results
and of the model structure.

The smaller models have the advantages derived from the fact that
they can be subject to qualitative theoretical analyses of policies, The
global model itself remains as a laboratory where numerical experiments
are performed and potential results suggested, This process became the
source of many important policy insights, which appeared in the context
of a United Nations Model for Technology and North-South Relations.

2. The Last two Decades

Global modeling has evolved remarkable during the last two decades.
At the beginning it was an admittedly naive attempt to use computers to
address very ambitious global and long-term issues. It was believed that
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computers could provide magie new solutions to new prohlems, particularly
to large scale problems which required the analysis of large amounts of
data and the study of complex interactions. Global modeling certainly
focuscs on large issucs : geographically, as it pertains to the whole world;
in time span, as it studies long-term problems; and intellectually, as it
encompasses a multitude of disciplines. :

World resources, pollution, population growth, and hunger were
originally the main issues. Global modeling attached them head-on in a
way which had never been attempted before. It is possible that a certain
amount of naivetd was required before such a bold step could be taken,
Ten years later, as the dust created by the first three major models
(Meadows e al., 1973; Leontiefl ef al., 1976; Herrera ef al., 1976) settled,
it became clear that computers are not omnipotent, Disenchantment with
the ability of computers to solve humanity’s largest and most difficult
problems set in, and led to the attempt to incorporate more traditional
scientific tools into global modeling. Economics was introduced to study
the world’s resources and the worlds basic needs (Chichilnisky, 1977);
sociology and political science to study world scenarios (Cole and Miles,
1984; Cole et al., 1973; Freeman and Johada, |978) sociclogy and political
science to study aspects of resources and pollution (Heal, 1973),

Global modeling became more respectable as it integrated with the
established disciplines. Yetr it always brought to the table as a unique
feature of bold insistence that the world as a whole mattered and that it
could be studied as a scientific object, albeit by less conventional means,
It also continued providing a link between computer technology and the
social sciences, an outlet by which concerned hard scientists could devote
their energies to problems that mattered to them, without leaving these to
the more literary approaches of the humanities,

Through this process, global modeling evolved into its present role, an
experimental laboratory for the social sciences, more of a source of
challenging issues and problems than of computer systems to resolve
them,

3. Structural Stability in Global Models and in the Social Sciences

One of the problems global modeling has faced from the outset is the
extreme sensitivity of the results to the mathematical assumptions of the
models and the model's initial data. Structural stability refers to the
robustness of the results to small errors or omissions in the initial data
{(including both parameter values and functional specifications). Without
it, very small variations on the data can lead to drastically different results,
and therefore the results are not “robust™ or reliable,

Consider, for example, the hypothesis that resources are fixed, while
population is exponentially growing. For that matter, consider a linear
increase in resources, with an exponential growth in population. Simple
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arithmetic shows that a catastrophe will occur: the exponentially growing
population will run out of resources. This will always occur, umless
resources grow at least exponentially. It is clear that the assumptions
made on the rates of prowth of the different variables determine to a
great extent the results. This means that the results are extremely sensitive
to the assumptions, and in particular to the mathematical assumptions,
which are uspally less obvious to the reader than other types of assump-
tions. In the above example, we do not need a computer to predict a
catastrophe. We do not need to analyze large amounts of data either.
Furthermore, and this is the point about structural stability, the specific
data for the catasirophe depends strongly on the mathematical assump-
tions about the different rates of growth of the different variables, which
is initial data of the model. We are really dealing with issues of sensitivity
analysis: this is the study of how the results depend on the assumptions
and the initial data.

A model i3 “structurally stable’ when its qualitative results are inde-
pendent of small changes in the assumptions and the initial data. Given
the paucity of data in the areas studied by global models, as well as the
uncertainty underlying the measurement of data, structural stability is
clearly an important feature; it guarantees that small mistakes or omissions
in the assumplions and initial data do not radically alter the results. We
can, therefore, rely on the results despite the fact that the data are imper-
fect, and that our assumptions may be a bit off.

The desirability of structural stability extends to most areas in the
social sciences. The reasons are the same : the results are very dependent
on the assumptions, and lack of proper dala, or small errors in the obser-
vations, are more the rule than the exception in the social sciences. This
is an important methodological difference between the social and physical
sciences.

This issue of structural stability lies behind many of the criticisms
made of the results of the “Limits to Growth’ exercise. It was the thrust
behind the development of the Bariloche model, which set out in 1970 to
answer the worst predictions of the “Limits to Growth® for the develop-
ing countrics’ growth so as not to exhaust the world’s resources, or alter-
natively their position in the world economy without threatening the rest
of the countrics.

These resulls were seen as a threat to the efforts of developing countries
Lo improve their position in the world, in an era where the “New Inter-
national Economic Order” was introduced proposing advances for the
developing countries by means of economic growth. The Bariloche model
saw the “The Limits to Growth” results as a simple consequence of
certain assumptions which were considered as unacceptable, between
population growth “in the developing countries, per capita consumption
of resources in the developing countries and in the world, and certain
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exponential assumptions about population growth, More importantly,
Bariloche saw the “Limits to Growth" exercise as assuming that human
beings do not adjust to their environment, since the trends of the different
variables (e.g., consumption patterns, resource availability) and their
relationships, are assumed to proceed blindly without any corrections
even as the catastrophe nears. Mathematically, there are no functional
adjustments between the different trends,

On this basis, the Bariloche model set out to investigate alternative
assumptions and the results which would ensue, again using a computer
model of the world economy, but this time assuming certain rational
features or adjustments of the cconomic agents : the maximization of
consumption of “*basic needs,” a term which was introduced by Bariloche
for the first time in the literature and which had a widespread and illus-
trious following throughout the world for many years. As the author of
the economic model within Bariloche, I still remember the incredulity
encountered in trying to introduce such a novel coneept within an economic
model of a traditional type.

Of course, as Bariloche made different assumption, it obtained different
results; in particular, it found that the growth of the developing countries
was indeed possible within existing resources and reasonable assumptions
provided economic agents were rational, and that developing countries
indeed did not threaten the world economy in their attempts to grow: no
surprise here. However, at the policy level, both “Li mits to Growth'' and
Bariloche encountered the same difficully: How much structural stability
did those models have? In order to use the results for policy analysis we
needed to know how much the results depended on the numerical and
functional assumptions and how much was, instead, an intrinsic property
of the structure of the models, Rephrasing this: Was Bariloche structurally
stable? Was “Limits to Growth™ structurally stable?

4. From Bariloche to the United Nations Model: Technology and
North-South Relations

A large global model is a time-consuming exercise, as any author will
attest, and Bariloche was no exception to this rule. There was little time
to study methodological issues which were outside its scope, such as the
question of structural stability, Yet this question remained and its impor-
tance became to me clearer as time passed. This is partly because, dis-
guished as a methodological question, this was a major issue in deciding
the desirability of alternative economic development policies.

In 1978 the UNITAR Project on the Future, led by de Seynes, gave
me the opportunity to co-direct a United Nations project which we called
“Technology and North-South Relations™. This project was to produce a
global model that would revise Bariloche and focus on North-South issues
of importance for the United Nations’ development strategies, Technology
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was certainly one such issue; North-South relations was another. Here
I was given a unique opportunity to improve upon the shortcomings of
the Bariloche model which still haunted me. Here I could add a market
structure, and prices as a most important class of variables in the economic
model (Bariloche did not contemplate markets). Here 1 could really look
at the issue of structural stability and dig deeply into the structure of the
world model which we produced, in cooperation with my team at Harvard
and Columbia Universities, and with another team led by 8. Cole at Sussex
University (Chichlinsky, 1980; 1981; 1983; 1984a, b; 1986).

As already mentioned the methodological issue was really a cover for
some of the most interesting policy issues which I have encountered in
many years. Judging by the interest and the published comment and
criticism penerated by the work which ensued upon publications about
the United Nations model in the Journal of Development Economics (1983,
1984), others were not immune either to the attractions of these issues.
These policy issucs include some of the major concerns in international
trade policy: the desirability of export-led growth and of specialization
into “relative advantages”, the international market’s role as an ‘“‘engine
for growth™, and the role of aid in sustaining development.

From now onwards 1 will refrain from discussing the methodological
issuc except in the context of these major policy issues. It will become
more fruitful in the light of this volume to do so. But [ must alter the
reader that the methodological issue is nol exhausted by these policy
examples. It is a fundamental issue within the social sciences and it
deserves to be treated as such, in its proper context,

5. Global Models and North-South Relations

The first task of our United Nations project “Technology and North-
South Relations™ was to produce a model which would deal best with
the major policy issue of developing countries. The starting point was
the question of satisfaction of basic needs, an issue central to the Bariloche
model. Producing the United Nations model was a demanding task because
most existing economic models were manufactured with the industrial
countries in mind, and thercforc were not adequate for the study of
developing countries. For example, a country’s demand was typically
apgregated into one economic statistic, thus preventing the study of certain
fundamental issues regarding the difference in demand by different groups,
i.e., the distribution of income.

We decided that one of the most interesting and difficult issues which
had to be addressed was how different policies affected different income
groups, and for this we disaggregated demand by income groups. This
leads to the problem of how to divide the population into different income
groups in a meaningful way, namely in a way which would actually be
useful in understanding the impact of alternative policies.

Vol. 9, No. 4 (1990)



242 LARGE AND SMALL MODELS: THEIR SUITABILITY FOR NORTH-SOUTH ISSUES

To achieve this, the separation of goods into different types was
required, particularly types of goods which were consumed in different
proportions by the different income groups. Similarly, market prices
became quite important, because often {(veluntary) policies arc followed
by (involuntary) price changes, For example, tariffs lead to changes in
market’s relative prices. Price changes have a welfare effect of their owi,
affecting the income groups which consume most intensively the goods
whose prices have changed. Such welfare effects could, therefore, work in
the opposite direction from that which was intended,

With these problems in mind we created a global model with several
income groups, and where goods were disaggregated according to their
consumption by the different groups. Prices for the different goods were
determined by the market forces, For example, basic goods were intro-
duced, defined as a bundle of goods which were consumed most
intemsively by the lowest income group. Each region was modeled as a
market economy which produced and consumed several groups of goods,
and which had several groups of consumers each consuming each group
of goods in different proportions.

Having modelled accordingly, we set out to model the international
economy, and then proceeded to compute international market equilibria.
All goods were internationally traded, und the international market, save
for tarifls where applicable, was assumed to be competitive. An algorithm
was developed to compute the solution, which for simplicity was one of
postulating a positive adjustment between goods exported and their prices
until a# market clearing equilibrium was reached, under the assumption
that if more goods were exported, international demand should have
increased, and this would naturally lead to higher prices. The purpose
was to approximate an “export-led” policy, namely a policy in which the
developing countries faced a larger demand for their products, and export-
ed more.

At this point our experimental laboratory, the numerical global model,
started producing surprises. More exports were associated with lower
prices, not with higher prices, cven if the increase in exports derived from
an increase in the demand from the rest of the world. After considering
several possibilities, including, of course, numerical errors, we had to
admit that in the world represented by this model a policy resulting in the
North (the industrial countries) to import more from the South (the
developing countries) lowered the prices for the South’s exporis. Since
these exports are labor intensive, this in turn led to lower wages, to lower
levels of output, and to lower levels of employment in the South as well.
In the logic of the model increasing exports reduced the welfare in the
South.

The surprises did not end here, The numerical results also showed
that the North was consuming more of all good in all income levels due
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to the decreased prices of the imports. The policy which led to increasing
imports in the North’s was beneficial for the North but certainly not for
the South. It is important to note that all took place in stable markets;
f the world’s demand for a product increased, then prices increased
correspondingly. The reason was that as the North's demand increased,
the South’s did not, thus prices did not increase with an enlarped market
for exports. Even with stability, exporting more was no better for the
South: it was even worse. So much for export led policies.

Having reached such a point, the only alternative open to the scientist
is to try to understand the reasons producing these results from the
numerical experiments. The results did not appear to tally with existing
theory. In fact, they were consistent with existing theory, but brought to
our attention issues which are seldom discusscd in economic theory, and
which were not understood until then,

These issues can he described as follows: ifa country is exporting a
labor-intensive commaodily mostly consumed by wage earners, and if the
country’s demand response to prices is strong, while supply responses
are weak, then any increase in prices of basic goods increases domestic
demand more then domestic supply, thus lowering exports. Under these
conditions, the only way exporls can increase is by lowering domestic
demand, which in turn is achieved by lowering wage income, and reducing
¢mployment and production. The mcrcase in exports would be accompa-
nied by an increase in imports by the rest of the world, but this does not
alter the results. A dismal outcome, but a very real one.

This outcome was understood only after simplifying the global model
to a two-country two-good model similar to the classical Heckscher-Ohlin
model but having two differing features: 1. The supply of factors (capital
and labor) is not fixed, which varies strongly in the South depending on
prices. 2. technologies are different in the two regions, In the South the
modern and the traditional sectors differ considerably while the North
exhibits a rather distributional hemogeneous technology across its entire
economy. These two features were denoted: abundant labor supply and
dual technologies, respectively. The North was construed to be homo-
geneous, and its factors to be relatively supply inelastic.

In the context of a simplified model, these results were proven by
mathematical theorems, in which the above conditions were formalized.
The consequences of export-led policies already discussed were formally
proven for markets with all stability properties.

These results for export-led policies in the South with abundant labaor
and dual technologies, led to a number of publications (Chichilnisky,
1981; 1984a; 1986). These publications led in turn to very considerable
comment and criticism in the Jourmal of Development Economics (1983;
1984) because they were considered very surprising. In addition, they were
not welcome by advocates of export-led growth. The issue was complicated
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further becausc a certain mathematical dexterity was necessary to prove
the above results, which went beyond the average level in conventional
trade theory, effectively introducing new theoretical tools in the field.

As the theory became well understood, it became possible to determine
the range of parameters under which such results would occur, and those
under which the opposite would happen. Export-led policies then could
only be advised in the latter case but not in the former. The range of
parameters determining the outcome included technology parameters such
as the input-output coeflicients in the production functions of the different
goods. Thus, technological considerations could be used to recommend
export-led policies, or to the contrary to avoid them. Reciprocally, if
export-led growth was a goal, certain technologies were needed to
guarantee positive results. Technology and  basic needs were thus tied
up in export-led policies, by means of the experiments with a global
model,

A second experiment was conducted related to another major issue
in North-South relations: foreign aid. A similar sequence of events, which
by now the reader can recomstruct without narrative, led to a theorem
proving that in stable world economies with at lcast three countries, a
donor country can make itself better off, and the receiving country worse
off after the transfer aid from the former to the latter. This occurs asa
result of the impact the transfer has on equilibrium prices, which reverts
the primary positive effect of the transfer into a negative one called the
transfer paradox, The same results take place after one country disposes
of some of the goods it exports (the destroy paradox). The lalter example
was reminiscent of several incidents involving the destruction of coffee
and other basic export crops in developin E countries,

The first issue, namely the transter paradox, was a classical problem
in trade theory going back to John Stuart Mill, but with an important
twist. In the 1950°s Paul Samuelson had contended that this paradox
could only happen in unstable markets, and therefore that it was of little
practical intercst. The stable results of Chichilnisky (Chichilnisky, 1980;
1983, 1984c) Look several other authors by surprise, leading to a large
number of publications intending to clarify and explain the results (JSournal
of Development Economies 1983), The United Nations global model, our
experimental laboratory, was responsible for finding these results, by open-
ng our experimental eyes to possibilities which were not known before,

The next step following the theoretical analysis is the actual fitting of
the model to data, and the development policy recommendations. This
was achieved in a number of publications (Chichilnisky, 1981; 1984a, b;
1986; Chichilnisky and Cole, 1978) dealing with specific countries as well
as with the global economy {Chichilnisky, 19844, ).

The theoretical analysis of reduced versions of the global models, which
led to the understanding of these results, disclosed also the degree of
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stability of these conclusions. In each case, a range of parameters was
identified within which export policies would be favorable, or not, and
in the latter case, where aid would have a favorable effect or not. Structural
stability of the results was established. This means that within a wide
range of parameters we could be assured that the qualitative predic-
tions would be preserved. Despite small errors of observations, we could
still apply the results of policy analysis with a certain measure of
confidence.

6. Export-Led Policies amd Aid: two Major Issues of North-South
Relations

These two major policy issues, the impact of aid and of expori-led
policies, served to illustrate the applications that global modeling has had
to North-South relations. The experiment disclosed rather unexpected
results which had not been known before. The analysis of smaller
versions of the model led to new theories and to mnew insights into
policy, all based on the experimental laboratory provided by the global
model.

This is in a way the most successful type of application of global
modeling in the social sciences. It very likely points to a strategy which
represents a substitute for experimental work can be performed along
with theory, thus leading to a desirable balance of both for the study of
global policy issues.

7. Summary and Conclusions

The last twenty years have witnessed major changes in global model-
ing, Tt evolved [rom a rather diffuse and all-encompassing computer
technique to addressing major global issues and detecting points of crisis
and possible solution. By now global models have gradually grown into
a substitute for experimental laboratories in the global agenda.

We have discussed the evolution of global medeling using as an
example that of the Bariloche model, one of the first global models, into
the United Nations model “Technology and North-South Relations.™
The former was used to investigate humanity’s ability to satisfy basic
needs; the latter, to focus on and evaluate more specific trade policies
and other major issue of North-South relations, such asaid. In the process
of developing the model a methodological question, the structural
stability of the results, led to a new modeling methodology. Global
models were used for conducting policy experiments and to test numerical
responses; smaller versions of the model were used to investigate in
depth the structure of the results, and their reliability for policy. The
global model itself remains as an experimental laboratory for the social
sciences.
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