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Global Models and North—South Relations

GRACTELA CIHICIIILNISKY

Angrieact. Global modeline has pvolved remarkablv in che last owo decades,
Such evolution led v w perform oday’s role as an experimental laboraiors
for the social sciences, and particalarly Tor applications to policy planniog.
T ol Lhe mast intercating applications W policy are o resouree economics
anel wy eeanomic models of Noarth=Santh eelatons, 1.0, the t’I!|'rHiHr1.-ihi|Hi
between industeial and developing countres. Examples of North=Yoath
policy issues instigated by globual modeliog are developed o rhe coniex ol
a United Natons Muodel of Technology and North Soath Relations which
evolved from rhe Bariloche global model, Forrher apgplications of global
madeling are then outlined.

Introduction

(7lobal modeling emerzed twenty years ago o an effort 1o address the world’s long-
term problems ( Meadows et al, 1972) and to predict important trends and crisis
points. The [eld has evolved methodologically to become an experimental laboratory
fne the social sciences, This paper examines the Buriloche maodel, one of the firse
slubal models, and offers an analysis of s implications for trade policies and North
Soulh relations,

The carly global models were very dependent on the assumptions of their creators
and on the initial data that were fed into cheme: this reduced theie reliability and
limired ctheir uscfulness for policy applications. One way o overcome  these
drawhacks was to construcl simplified and smaller versions ol the model, and to
perform qualitative analyses of the resulis and of the model el

Lhe smaller models have the advantage that they can be subjecied e qualitative
thearetical analyvses of policies. The global model itself remains a laboratory in which
numerical experiments are performed and potenial lindings suggested. This process
has resulted in many imporant policy msights, including a United Nations Model
tor “I'echnolomy and North- Souch Belations,

The Last Two Decades

Global modeling has evolved remarkably during the last two decades. In the
beginning it was, admitiedly, naive to hope computers would address ambatious
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globul and long-rerm issues. Al the time, i was believed that compurers conld provide
magicsl sodunioms 1o new proldens, particulurly o large seale problems which
rerpuieed e analvsis of massive amounts of data and the study of complex
mieractions, Global modeling certainly fwuses om large issucs: peographically, it
perraing to the whole world; intime, i studies lone-term problems; and intellectually,
it encompasses o molitode of disciplines.

Wirld resources, pollution, population growth, and hunger were originally the
mvatn issues addressed by global modeling. Ten years later, as the dusl created by
the [irst three major models {Meadows et al, 1972 Leontief ce al, 1977; Terrera o
al, 1R setiled, 1L became clear that computers are not omnipotent, Disenchantment
with thear ability to solve humanity’s largest and most dilficull problems serin, and
led o the actempr to incorporate move (raditional scentific tools into glohal
madeling. Feonmmics was introduced 1o study the world's resonrees and the world’s
hasic needy (Chichilnisky, 19771 socicingy and political science to studyv warked
scenarios {Cole and Miles, 1984, Cole et al, 1973 Freeman and Jahoda, 1978)
sociclngy and politcal science o study aspects of vesvurces and pollution {Heal,
19731,

Global medeling becsme more respeetable as it integrated with the cstablished
chisviphines, Yeu s bold insistence that the world as o whole mattered aned char i
could e studied as a sciendtfic ohject: albiet by less conventional means, remained
urichanged. Global modeling also cominued 1o provide a link between computer
technodowy and the social seiences, thus ereating an experimental laborarory theough
which social serentists could esplore issues and problems, rather than torning 1o
COMmpLEEr syarems 1o resolve them,

Structural Stability in Global Models and in the Social Sciences

One ol the problems global modeling has faced from the outser is the extreme
sensitivity of the results 1o the mathematical assumptions of the models and the
mlels’ inmial data, Siractural seability vefers to the Probustiess™ of the results o
small errars or omissions in the imnal daa (including both parameter valies and
lenetional specifications,. Withoot i very small varacons in the data can lead to
drasrically ditterent results, and theretore the results are non “robust™ or reliable.

Lonsider, for example, the hypothesis chat resourees are lixed, while population is
crowing exponentallv, For chat marter, consider a finear increase in resourees, with
an expanential growth in population. Simple arithmetic shows thac a catasteophe will
weenr: the population will run oot of resources, This will also ocenr. unless resonrces
grow sl least ina similar exponential fashion, Tt is clear that the assumprions made
on the rates of growth of the dilteren ) variables determine to o preat extene the resulis,
Phis means thar the results are extremely sensitive to the assumptions, and in
particular to the mathematical assumpoons, which are usvally less ohvious 1o the
reader than other tvpes ol assumplions, In the above cxample, we do oot need a
compnter o predict o catastrophie, We do not need o analvee large amounts of daea
Fither. Furthermore, and this s the peint about steactueal stability, the specifie date
uf the catastrophe depends srrangly on the mathematical assumprions about the
difterenr rates of growth ol che different variables, which are the niaal data of che
model. We are, in effece. dealing with issues of sensilivity analvsis: this is the sludy
ot how the resulls depend on he assumprions and the inidal duta.

A maodel 15 “srruetirally stable” when s qualitative resubts are independent of
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sinall changes in the assumptions and the initial data. Given the pavery ol data s
the areas studied by clobal models, as well as the nncertainey underlving he
measurement of data, struetiral stahilioy 15 clearty an important feature: 1t guarancees
that small mistakes or ommssions in the assumptions and mital data do nr radical by
alter the resulis. We can, therefore, rely on the results despice the Lot that the data
are imperfect, and that our assumptions may be a e off

‘The desirability of structural stability cxtends 1o most areas in the social sviences
The reasons ure the same the results are very dependent on the assumpoions. dnd
lack of proper data, or small errors o the ohservations, are more the rule than the
exception in the social sciences. This s an important methodolomeal difierence
Lietween the social and physical sciences.

This issue of atructural stability lies behind many of the cnivcsms made ot the
results of the “Limits to Growth™ exercise, T was the thrust behind the development
at the Bariloche model,® which ser our in 1970 to answer the worst predictions of th
“Limits 1o Growth™ for the developing countries, so as not to exhaust the world's
resources, or alternatively their positon in the world cconomy withour threaremmng
ather counores.

These results were seen as d threat o the eflorts ol developing countrics to mprose
thewr position i the world, in an era when the “~ew International Leonomic Chrder”
wias  introdoced !Jru]u'l.-.in.lf.'. advances tor the Ltr:vt:ll.l].li-rlg counivies iy omeans of
ceonomic growih, The Bariloche model saw the “Limits to Growrh” resulis as
simple consequence of certain assumprions, which were consulered as unaceeprabic,
between population growth in the developing countries, per capits consumplion o
resources in the developing countries and in the waorld, and certam exponenial
assumptions alour population growth, More nnportantly, Bariloche saw dhe " Limots
to Growth” exercise as assuming that human beings do ol adgust e then
ervareninent, since the wends of the dilferen variables (eoe . consumption palierns,
and resource availability} and their relaoonships, ace assumed o proceed blindly
withour any corrections even as the camastrophe nears. Mathematicalls there ae no
funetipnal adjustments beoween the dilferent tremls.

We used the Bariloche model to investigare alternative assuniptions and the resule
which would ensue, again using a computer model of the world cconomy, bt this rime
assuming certain ralional leatures or adjustments of the economic aments. e
maximization of consumption of “basic needs,” @ lerm owhich was introduced b
Buriloche for the tirst tine in the Tieratore and which had g widespread and ilhesrous
tollowing throughoun the world for many years. As the auchor of the sronomie model
within Buriloche, T still remember the ineredulivy encountered o teving oo
such a novel concept within an coonome madel of a traditional oope

O course, as Bariloche made different assumpnons it obtained dillerenc resules;
in partcular, il found that the growih of the developing countrics was mdeed possible
within cxisting resources and reasonable assumptions, provided coonumic agents
were rational. Tt alse lbund that developing conntries did noc thresten the world
economy in their atlempts o grow: ne surprise here, However, at the policy Jevel,
both “Limits to Growlh™ and Bariloche encountered die same ditfioudos: How much
structural stahiliny did those models have? In oorder o use the resulis e policy
analyais we needed o know how much the results depended on the numerical and
functional assumptions and how much was, instead, an intonsic properey of che
structure built into the model by its authors, Rephrasing this: Was Banloche
structurally stable? Was “Limits 1o Growth™ serucrnrally stable?

LA
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From Bariloche to the United Nations Model: Technology and
North-5outh Relations

A large global model 15 o Ume-consuming exercise, as any of the auchors will artest,
and Bariloche was no exception o this rule. Uhere was lictle time 0 sundy
methodological issues which were ourtside irs scope. such as the question ol siruciural
stalulity. ¥el this question remained and s importance became to me clearer as Qe
passed. This s partly because, dispuised as a rnt'l!hudr.ﬂugu. al guestion, this was a
rajur sue in deciding the dtblt.tblhh of alternative economic development policies.

I 1978 the UNITAR Project on the Fuenre. led by Philippe de Seynes, gave me
the apporiunity o co~direct a United Navons project which we called “Technoloey
and North—5outh Relations.™ This project was to produce a global model that seould
revise Barloche and focus om North-South issues of imporeance for the United
Mations' development strategies, Technology was certainly vne such 1ssue; North-
South relations was unother, Here Twas given o unique opporounity o improve upon
the shorteominegs of the Bariloche model which s1ill haunted me, T eould add a market
structure, and prices s a most importane class of variables in the economic model
i Bariloche did not contemplate markets or prices), Thus T could really ook at the
1ssuc of structural stabilicy and dig deeply into the sirocture of the world model which
we produced, in coaperation with my learm at Harvard and Columbia Universities,
and with amiher tearn bed by 5, Cole at Sussex University (Chichilnisky, 1980: 1981,
1983 19840 1986].

As already mentioned, the methodolosical 1ssue was really a cover for some of the
most interesting policy issucs I have encouncered in many vears. Judging by the
interest and the published comment and criticism generated by the work I'o]]u-.-,mg
publicarion of the United Nations model in the fowrnal of Development Economnics in 1983
and 1984, und in other journals and hooks, it was apparent that others were also
attructed o these 1ssues. The policy issues invalved include soine of the major
cancerns in international irade policy: the desirability of export-led growth and of
spectalization into “relative advantaces™; the international markels role as an
“engine for growth”™, and the role of aid in susiaining development,

IFrom now onwards 1 owill relvain from discussing the methodological issue of
steuctural stability except in the context of these major policy issues: i1 will be moee
fitting to the theme of chiz journal issue to do so. Bur T must aleel the reader that
the methodological issue is not exhansted by (hese policy examples, It is oa
tundamental issue within the social sciences and 1l deserves o be treated as such, in
its proper conlexl,

Global Models and North—South Relations

The first task of our United Nations projeet “lechnology and Narth—South
Belations” was to produce a model which would deal best with the major policy issue
of developing countries. 'Lhe starting point was the question of satisfaction of hasic
nceds, an issuc central o the Bariloche model. Producing the Tnited Nations maodel
was a demanding task hecanse most existing economic models were manufactured
with the industrial countries in mind, and therefore were not adequate for the soady
of developing countries. For example, a country’s demand was typically agererated
inte ane econimic statisue, thus preventng the study of cercain fundamental issues
regarding che difference in demand by different groups—i.e., the distribution of
Hcome,
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We decided that one o e most mieresting and dillicn?t issues which had 1o be
addressed was how different policies affected different come groups, and lor this
we disaggregated demand by income groups. This leads to che problem of how to
divide the population into different income gronps in a meaningful way that is, in a
way which would actually e wseful in understanding the impact of alternacive
[rlicies.

Tw achieve this. the separation of goods inte dilferent ypes was regoiced,
particularly types of goods which were consumed in different proporaons by the
different income groups, Similarly, marker prices became quite important, becanse
atten [voluntary) policics are followed by (involuntary) price changes, For example,
tarills Tead to changes in markers relative prices. Price changes have a welfare effect
of their own, allecting the inceme groups which comsume most intensively the goods
whose prices have changed. Such wellare effects could, therelive, wark in the opposice
divection from that which was inidally intended.

With these problems inomind we created a glabal model with several income
gromps. and where goods were disagaregaced according to their consumption by the
dilferent groups, Prices [ the different goods were determined by marker forces. For
example, basic guur.{'; were introduced, defined as @ Dundle of grnu.] which were
consumed most incensively by the lowest income group. Each region was modeled
as a marker ecomomy which produced and consumed several groups of goods, and
which had several groups of consumers cach consuming o group of goods in diflerent
penpariions,

Having miwleled each region accordingly, we sel out lo model the international
cconomy, and then proceeded 1o compute international market equilibria. All gonds
were internationally raded, and te internatonal marketl, save for rarifiz. where
applicable, was assumed o he competicive. An algorithm was developed te compute
the solultan, which for simplicily deseribed a positive adjustment hetween gonods
exported and their prices until @ market clearing equilibeium was reached, under the
assumprion that it more goods were exported. internatonal demand should have
increased, and lhl-b would paturally lead 1w higher peices, The purpose was Lo
approximale un “export-led” policy, i which the developing countries faced a larger
demand for cheir products, and exported more.

Al this point our experimental laboratory, the numerical global model, started
p]’udui ng aurprnt_‘,b More exports were associaled with lower, not with higher,
prices, even i the increase in exports derived Trom an increase in the demand from
the rest of the world, After considering several possibalines, including, of course,
numerical ervors, we had to admit chat in the world represented by this model 2
policy resulting in the North (the industrial countries ! importing more from the Sauth
{the developing countries) lowered the prices for the South’s exports, Since (hese
exports are lalwor intensive, this in turn led to lower wages, to lower levels of output,
and o lower levels af employment in the South as well. In the logie of the model,
Increasing exporLs reduced the weltare in the South.

The surprises chidd renl end here: The numerical resules also shesved that the North
was consuming more of all g;LHJdb in all income levels due 1o the added purchasing
power derived trom lower import prices. The policy which led to increasing imports
in the North was benelicial for the North hut certainly not for the South. It is
important to note that all of this ook place in stable markets; i the world’s demand
[or a product increased, then prices increased correspondingly, 'T'he reason was that
as the North’s demand increased, the South's did not, thus prices did not increase
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withh an cnlarged murkel lor exporis. Fven with siabiliny, exporting more was ao
letrer Ao the South: 0 was worse, 5o much Toe expor-led policies,

Huving reached such a poine the only alternave open w the saentise s ot 1o
nneerstand the reasons producimg these resulis trom the numersical expernnents, The
resnbs did not appear o tally with exisong theory, althongh in fact, chey did, T hese
resubts braughe o ooae artendon ssues which are selidom disenssed e cconomi
theory, and which were nnt understood uncl thes,

These issues can he deseribed as follows: ifa country is exporting o Tabor-iniegsse
coamtmcdity mosedly consumed by wage earners, and if the countey's demand tespons:e
o prices s sieong while supply responses are weak, lhen poy increase (00 poees of
hasic goods inereases domeste demand maore than domestc supplyv, thes lweriog
exports, Lnder these conditions, the only way exports can increase is by lowering
dimestic demand. which in mirn is achicved by lowering wage income, and reducing
emplovment and prodection. The increase in expores would be accompaned by
imerease i imports b otie rest of the world, buat thes does nol alier che resabis. A
dismmal outeome; bt a very peal one: subsequent empirical soudies amveeo wit the
theoretical tesuios (Chichidomsky and Mol el L3R c, Clachilmsky, Heat and Mol eogd
LoEdel ;.

Tins outeome was undersood onbe atcer stimphitving the global madel o o -
conmn Ty two-gond mewlel sumilar wo che classical Heckscher-Obhim modet, bul baving
i ol ﬂtnng leatures. (1} the supply of factors fcapital and labort s o fived anid
1oanrreases atronghy i the South depending on opricey, and, (2 iechnologies e
ditferent in the two regions, Tnothes Soach the moders and che raditionad seotors differ
considerabiv, while the Novth extobis o eather disieibueional bomogeneons rechnok
oy across s entre coonomy. These twao leatures were denoted abundant labom
supiy  and dual rechnoloses. vespectively. 'bhe North was conscrued o be
homaoencous, and s factors o be relatively supply melasi:

Pn the context of a stmphticd madel, these resules were proven by nuathemsies)
theorems, i which the above conditons were formalized. Vhe consequences of
export-led  policies already digoussed were formaliy proven or mackes wind all
stahility properncs

These results for pxpori-ied pealecees inthe South with abnndant laber aned duoal
cechnolories, led o a number of pubicaoons (Chickiloshs, 19810 T983a0 1986,
Uhese ded in turn to very considerable comment anel crnewm i the fourmal of
frevefopment Lronemicr in V905 and 1084 because they were consadered vere sarprsm,
A5 1o be expected, they were not welcomed by advocates of export-led peowths The
e was complicated  further because s cortam machemancal desieriny was
nevessary 0 prove the above results, which went bevond the sverage Tevel
comvertional trade theory, elfecively moroducing new theoretcal waols e thae feld

As the theory became betrer understood, i became possibie w determine the range
of parameters under which such results comaled oeenre, and those under which the
opposioe would happen. Fxport-led pedicies then could only be advised i the lacter
case bur ot in the former, The vange of parameters determining the outeome
included  technology paramcters such as the boput-outpur coelhoients o the
production funcrions of the different goods. Thus, teehnological considerations could
b wsed 1o recommend expori-led policies, o e the contreary, i asaid  them.
Recipracallv, if exporc-led mrowth was a goal, certain cechnologies were needed 1w
gudrantec posttve results, Techinology and basic needs were thus tied up in exporr-
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feed policies. by sneans of the experimesies with w elobal mesdel,

Aczecond expeviment was conducred relaced woanother magor issue in Moty Sourh
relybions: fureign okl A similar sequence of svenis, winch Iv now the reader can
peconstruct withouno sarramve. ded oo chesrom proving ar fnostable world
cennonies with ar feast three countries, a donor couarry can make sl berter off,
ang make the recerving countey worse off alter the tpansfer aid from the tormer 1o
che ater, This veenrs as o eesull el the nupact the lransler has on equilibroom prices,
which reveris the primary positive elfech ol the traosler e o negative ne called e
trang fer bavada. The same resules wke place alter one councey disposes of some ol the
srwils 0 exports (Hhe deifin pacaden), The faner example was reminiscent nf several
meidents imvolvinog the desoucton ol collee and other basic export crops
developing counmies

The Nrst issue, swmehe the trsier parades, was a classical preoblem o trade
choory going hack 1o fohn Stare Ml bue wich an inpodtant owst. [o the 1950
Paul Samuelzin had eontended thar this parades condd only happen in ansiable
markers, and thevefore that 10 was of livtle practical interest, The stable results of
Chichilnisky (Chichilnisky, P8 DR D9E4hG ok several authors by surprise
wending rooa large number of prklicadoms mtended 1o clacibe and explain the results
i he fowrnad of Becelogeereet Boveomees i FORE0 The Teored Natioos elobal medel, our
uxpr:rirnr:ni_;ll labpsratiory, was J't:.‘_ai;-q_-rlsi]rlt lir u|r|}1iru:Lg these resolis. Ine nlmrling I
cves Wopossibiliees non cevisaged Delire,

Phe aexe step lollowing the theoretcal anabvas is the acieal Tiang o the model
tee chata, and the developiment policy recommendations. Phis was achicowed oo
uumber of publications, (Clichilnisky, 19810 I984a: 1966, Chichilnisky and Coale,
LU78) dealing winh specilic counivies as well as with the ciobal ecomamy (Ghiclul-
nisky. 1984 ).

The thenretical analvsis ol redocend versinns ol the siokbal madels, which bed oo ihe
understanding of these resules, disclosed alse the degree of stabalioe of these
conclusions. in cach case. a range of paramerers was identfied wichin which espore-
fed pobicies woulld he Gevarabile, o o, aned e the atter case, where aid would have
a Favorable eflect or nat. The steocioeal stalialiy of the results was estanlbished. Uhis
meant that within o wide rapee o parameters we were assieed that the gualilarive
predictions would be preserved. Despice smadl errors of observadons, we could stll
appiy the results of policy anabvsis with a certan measure of contidence

Export-led Policies and Aid: Two Major Issues of North—5outh
Relations

Uhese two major policy issues, che impact ot aid and of export-led policies, served
iallnstrare the applications that glohal modeling has had 0 North—souch relations
The numerical slobal medel wsed as an experimental laboratory disclosed racher
unexpected results which hiad not been known before. Phe analyvsis of smaller versions
of the model led (o new thearies and 1o new insighis inin pediey, all Based onohe
r\pc‘nrrlrrllrll Fabwwatory prowided by the glubal model.

This s 10w wav the most suceesstul tvpe of applicaton of ¢lobal maodeling in the
sncial soiences. 11 points toeoa srraregy which represenrs a substinuee Tor experimerital
work which can be pertormed and which, along with cheory, deadds o a desirable
balanee of harh.
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Conclusion

The last twenty vears have witnessed Tn:ajm' chianges in global modeling, 1t was
witially a rather diftuse and all-rnmmp wsaing cornputer discipline addressing major
alobal issues and detecting points of crisis and possible solutivns, I is now mostly a
substitute for experimencal laboratorics in the global agenda,

We have discussed the evolurion of global modeling, using as an example that of
the Bariloche model, one of the first global models, ino the Uniterd Nations model
“Technology and North—Seuth Relations,” The former was used o investigate
humanity’s ahility to satisfy hasic needs; the Tatter, W locus on and evaluate more
spectic Lrade policies and other major issncs of North—South relations, such as aid,
In the process of developing rhe model a methodological queston, the structural
stability of the results, led to a new modeling methodelogy. Global models were used
for conducting policy experiments and to test numerical responses; sialler versions
ol thes model were used W investigate in depth the structure of the resules, and their
reliahility for policy. The global model irself remains an experimental laboratory lor
the social sciences.

Notes

. The Bariloche model 33 an imterdisciplingrme compuierized model af The worl] econony
divicled i fve r‘&_(;it'mi, which {'r_n-rrr:spr}nll m1|g|l|y i the contients, o was created l‘ay a
Leam of Third Werld svientsts in Fundacion Bariloche, Provincia de Bio Negro, Argending,
Between 1971 and 1976, and subsequendy published in several languages, The throse of
the model was itz ceonomic model, a mathermaucal one that inwoduced and defined che
convepl of Basic Needs, and put this concept ac che center of the developenn objeriives,
o plans, for Third World countries and the world economy. Twas the authar of the concept
of Basic Neods, and of the economae model of Barilache.

40 The Heckseher-Ohlin medel depicts o world economy with owo countries {or regions} which
trade with cach other in & competitive market fashion. Faciors of producton arce labor and
Capitﬁl_ Bﬂtt] Ti_‘g‘iu“& LS ll:'lt‘ BT 1Ck:||[|hf|ﬂ£il‘.!~' o FI!'“(IULA"iU!I. rl.][ll.nﬂl'ﬂlﬁ 10 F'I‘:I'I.'llf']l]‘-\'l."I 1w
soenls. The bwn regions are identical except tor factor cndowments, One is Llabor-rich; the
other is capital-rich, The reason they trade is o Dede velaive advaniages: che labue-rich reaiong
exports the labor-mensive goods and the capital-rich region cxports the capiral-intensive
gonds, "Uhis model is taught as a foundation of international trade, but 1 has been shown
b emparically meorrect Toe alwoul 30 years.
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