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Abstract: During the 1960s and, above all, during the 1970s, large global mathematical dynamical computer models were
implemented, where “global” means that the models simulate the entire world (or a large portion of it) and that several different
interrelated subjects are included (e.g. economics, ecology, demography, natural resources), and “dynamical” means that the
models evolve over time trying to forecast the future, considering an horizon of at least some decades. Global models continued to
be developed of course also after the 1970s, but their focus started to evidence an increasing bias towards environmental matters, or
at least the public impact of models with an environmental approach started to be greater than the impact of those that privilege
other approaches.
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1. INTRODUCTION

During the 1960s and, above all, during the 1970s, large global mathematical dynamical computer models were
implemented, where “global” means that the models simulate the entire world (or a large portion of it) and that several
different interrelated subjects are included (e.g. economics, ecology, demography, natural resources), and “dynamical”
means that the models evolve over time trying to forecast the future, considering an horizon of at least some decades.
Global models continued to be developed of course also after the 1970s, but their focus started to evidence an
increasing bias towards environmental matters, or at least the public impact of models with an environmental approach
started to be greater than the impact of those that privilege other approaches.

In a sense, for social scientists interested in this kind of models, the computer is their laboratory. Models including
social dynamics must either have a strong random structure, or be prepared to analyze several very different scenarios
based on a wide range of assumptions, or both. In this context, interestingly, (at least) two questions appear: on the one
hand, how much is it possible to characterize developed and underdeveloped countries using as a parameter the
“degree of randomness” of the forecasts for any given region? That is, is randomness a characteristic of
underdeveloped (or developing) countries? Clearly not: Argentina has a more developed structure than, say, Namibia,
but in spite of that Namibia is more “predictable” than Argentina. On the other hand, how sophisticated must be the
mathematics employed to formulate a global model in order to offer acceptable levels of confidence? In other words,
is there a correlation between the mathematical complexity behind a global model and the accuracy of its forecasting
power? In this case (to the applied mathematicians' disappointment) the answer is also no, or at least not necessarily:
as an extreme example, two outstanding works predicting the fall of the Soviet Union, namely Andrei Amalrik's 1970
book [1] and Emmanuel Todd's 1976 [2], had been published many years before its actual dissolution; none of them
used mathematical models, and it seems that global modelers did not paid attention to them." Yet, when used carefully,
global models are very powerful tools; in fact, we think that not using this kind of models is a complete mistake.

2. THE ORIGINS OF GLOBAL MODELS

It is appropriate to remark here that preparing global mathematical models cannot be considered exclusively a work for applied
mathematicians, computer scientists, engineers, economists and sociologists. Although the usefulness of “political mathematical
models” (see later) is extremely arguable, if the global model gets sufficiently ambitious political scientists and in general
people from cultural environments and all professions)should be also consulted. This approach makes sense at least if one
believes that political circumstances may change dramatically not only the economic and social structure of a country, but also
the international relations and the relative power of the different nations, and that the likelihood of these changes are not
reflected in the available data (be it because data are insufficient, biased, or deliberately hidden). For instance, in [3] (see later)
no reference is made to political works, with the exception perhaps of [4] and [5], which are anyway writings of a general
character, with no mention to actual facts susceptible to be accounted for into a mathematical model.
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In late 1950s, the brilliant engineer turned specialist in management Jay Wright Forrester, already well known
because of his participation in the building of an aircraft air simulator -that eventually became the Whirlwind digital
computer, and then became the Semi-Automatic Ground Environment (SAGE) air defense system for North America-
and for having developed the “Multi-coordinate digitally information storage device”, forerunner of today’s RAM,
created Systems Dynamics, a discipline whose goal is to understand the dynamic behavior of complex socio-natural
systems using mathematical tools and computer simulations. His book [6] studied industrial business cycles using
Systems Dynamics as a convenient tool. In 1969, after many discussions with former Boston mayor John F. Collins he
published a book [7] modeling social urban problems. His work was extremely important in the process of modeling
complex social, industrial and political situations and in formulating current and future feasible scenarios through
mathematical models.

But Forrester did not apply his technique to entire countries —at least during the 1960s, let alone large regions that
include several countries, or continents, or the entire world. It seems that the first application of such ambitious
approach is due to E.P. Holland (see [8]). As Holland tells in the preface of this book, after trying unsuccessfully to
implement a model of these characteristics in an analog computer, he eventually prepared the model to be run on the
IBM 704 computer of the MIT Computational Center, using the simulation language DYNAMO, which Forrester and
his group were just completing at the MIT School of Industrial Management (moreover, in the process of translation
the model became more elaborated: perhaps one can consider the failure with the analog model and the success -and
improvement- with the digital one as a symbolic demonstration of the triumph of digital computation). By the way;,
Holland and his group were helped in the programming by A. L. Pugh, Il1, and P. A. Fox, designers of DYNAMO (see
[9]). Therefore, one can see Forrester’s influence, though Forrester himself did not participate in this project. In this
work the economy of a plausible underdeveloped country -that had some of the characteristics of India- was simulated
(Holland used many data from India, but some considerations important for India were omitted or grossly simplified).
The model was dynamic, i.e., with fixed parameters and state variables evolving over time, it showed the supposed
changes of the economy of the “India-like” underdeveloped country. It contained around 250 equations (for technical
reasons, DYNAMO needed around 400 equations); simulation experiments were performed during 1960. According to
Varsavsky and Calcagno [10], “the model did not pretend to have practical use, and there was not yet a clear idea of
the characteristics of the approach, its possibilities and its difficulties, but it was a typical example, sufficient to
suggest its potential”.

Now, it is necessary to clarify why we don’t mention as antecedents of Holland and Gillespie’s model (and of
Forrester’s models, by the way) some very important economic models of the United States, such as the Klein-
Goldberger [11] and Leontiev [12] models. The reason is simple: the Klein-Goldberger model is econometric (while
we are interested in models that take also into account other social -or political- variables), and Leontiev’s is a static
input-output model (while we are interested in dynamical models). In these senses, the type of models which are
object of this article use a very different approach.

Finally, it is interesting to remark that Holland’s interest was the economic development of an underdeveloped
nation, as he clearly states in his book; that is, he tried to use his global model as a tool for the development of a
country. This was exactly Oscar Varsavsky’s approach, as we shall see in the following section.

3. EARLY LATIN AMERICAN APPLICATIONS

The beginning of the 1960s was an interesting time in Latin America. Science was considered a fundamental tool
for development, and a considerable number of intellectuals and scientists were enthusiastic about the region’s future:
some of them became very impressed by the Cuban Revolution and wanted to put science and technology “in the
service of Revolution”, while others were optimistic about the success of democratic institutional changes (remember
that several military dictatorships had just been replaced by constitutionally-elected governments). For instance, we
may mention the role of FLACSO (Latin American Faculty of Social Sciences), located in Santiago, Chile, whose
Latin American School of Sociology, directed between 1960 and 1965 by the Swiss sociologist Peter Heintz, was
extremely influent in the development of a generation (perhaps the first) of Latin American sociologists with a global
vision of sociopolitical problems in the region along with a training in formalization, modeling and simulation of such
problematics. Some of these sociologists were therefore “ready” to be influenced by mathematical models. Only a few
years later, an impressive experience took place in Chile during the Allende administration, which was interrupted by
the coup-d’état that overthrew Allende in 1973: the Cybersyn project (or Synco, in Spanish, see
http://www.cybersyn.cl/) was an attempt to manage through computers the Chilean economy in real time (even
including daring ideas about direct democracy through the participation of people from their “interconnected
households™). Cybersyn may be considered technically as a sort of practical mixture of Stafford Beer’s management
cybernetics (through his Viable System Model, VSM [13]) with Forrester’s System Dynamics’. The models

2 On the one hand, Cybersin was an intellectual creation of Beer (subject of course to dynamical changes during its

implementation, due to the active participation of Chilean professionals in charge of the project); on the other hand, in some
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envisioned had the spirit of global models (this time applied at a national scale) in the sense that they tried to capture
concurrently interactions among several heterogeneous “layers” in which a socioeconomic reality may be
decomposed.

Perhaps the country where confidence in democratic changes was greatest was Venezuela. On the one hand, the
military government of General Marcos Pérez Jiménez had been overthrown (January 23, 1958) and a constitutional
civil administration governed since 1959. On the other hand, oil royalties for an important oil exporter such as
Venezuela allowed significant investments (compared to the Latin American standards) in higher education and
science. Besides, in those years “planning” was considered by many economists at the Economic Commission for
Latin America and the Caribbean (ECLAC) a powerful tool for Latin American economic development. That was the
political climate in which Holland (and Varsavsky in several opportunities) worked in Venezuela.®

As Oscar Varsavsky and Alfredo E. Calcagno tell in their book, Holland traveled to Caracas, Venezuela, in 1961,
to try to apply his model for planning an actual economy; in fact, he even wrote an article for a VVenezuelan journal
[18]; eventually he began to work in 1963 with a small group of collaborators and almost three years later produced
the model V-2, with which he reproduced the Venezuelan economic history from 1950 to 1962, taking into account
two economic sectors: oil and all the others. Varsavsky met Holland in Caracas, became impressed by the power this
type of models could have in social sciences, and organized, in 1962, a group to prepare socio-economic models at the
Instituto de Calculo (a sort of Institute of Applied Mathematics) of the University of Buenos Aires. In 1963 the MEIC-
0 economic model (Economic Model-0 of the Instituto de Calculo) was already working (Varsavsky [1965]).
Varsavsky and his colleagues prepared several economic, demographic, political and educational models in Buenos
Aires, Caracas and Santiago de Chile (there was also an application in Bolivia) during the 1960s. We can mention,
among others, short-term models of economic policies in Bolivia and Chile and analysis of results of different styles
of development in Venezuela. A mathematical model of Thomas Moore’s Utopia was also prepared (see [19]).

Varsavsky’s idea was that several models were “modules” of a larger one, and outputs of one model should be
inputs for other(s). This vision of modularity applied to socioeconomic models was conceptually very advanced for its
time. The evolution of modeling for computer simulation until our days has shown that the concept of building models
of complex systems by means of the coupling of simpler models has progressed enormously in the engineering
domains (mainly concerned with building physical devices, e.g., spaceships, bridges, computers), but is very
underexplored in the domain of social and natural sciences, leading to knowledge islands of deep specialization too
often difficult to interconnect.

Varsavsky collaborated with and directed many groups in all those countries, and for some years a Latin
American network actively worked in those subjects. Some models then implemented were described in Varsavsky
and Calcagno’s book, but we may also mention national models related to Brazil [20]. In sum, there was an important
activity in Latin America of preparation of models which, although referred each of them to a single country, had
many ideas which would be applied in the following decade for the construction of global models. In those years, in
the mathematical modeling of society, Latin American science was outstanding.

By the way, it is interesting to remark that this “Latin American network” was very unusual. Latin American
scientists not always work together; more often than not (and especially in those times) their contacts originate in the
United States or in Europe and the center of their network is (or was) an American or European University.

4. THEFIRST WORLD MODELS

Meanwhile, Forrester continued working in his models. During the 1960s, Dick Bennett collaborated with
Forrester and prepared a compiler for Industrial Dynamic models (SIMPLE: Simulation of Industrial Management
Problems with Lots of Equations) and Jack Pugh extended the compiler into the DYNAMO series; we have already
mentioned the use of DYNAMO by Holland. DYNAMO may be considered one of the first continuous time
simulation languages, and certainly the first Systems Dynamics simulation language (i.e., the Forrester’s approach).
An impressive bibliography exists about both continuous time and discrete events simulation languages, and the 1960s
was perhaps the decade when simulation models became very popular: on the one hand, many mathematical problems
had not an explicit solution (or, at least, a technically feasible explicit solution) and, on the other hand, computers
were already sufficiently developed to treat significantly complex problems (from the point of view of the size of data
and number of equations).

parts of the project Forrester’s influence may be detected. The DYNAMO programming language was used e.g. to develop the
CHECO (CHilean ECOnomy) module, a real time monitoring dashboard and mid- to long-term forecasting panel. The story
may be consulted in [14] or [15]. For a detailed biography of Beer, including especially his contribution to Cybersyn, see [16];
for a theoretical approach to the VSM/SD mixing see [17].

In fact, in this context the Center of Studies for the Development (Centro de Estudios del Desarrollo, CENDES) was created in
1961 at the Central University of Venezuela in Caracas. CENDES was (and still is) an influential institution in Venezuela: some
of Varsavsky’s collaborators and colleagues were affiliated with it.
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After Urban Dynamics was published, Forrester began to be known in the circles of urban planners, and, in
general, of people interested in prospective scenarios. In 1970, Aurelio Peccei and Eduard Pestel, who had founded the
Club of Rome in 1968 as a global think tank, contacted Forrester. After that, Forrester published World Dynamics [21]
and Meadows et al. The Limits to Growth [3], both with very simple equations. World Dynamics initially used five
worldwide sectors and assigned one state variable to each of them: Population, Natural Resources, Capital Investment
(industrialization), Pollution and Capital Investment in Agriculture Fraction (food production). The Limits to Growth
extended the model to 13 sectors represented by 41 state variables. The mathematical models (named World2 and
World3 in 1971 and 1972, respectively) were written in DYNAMO.

The impact of the book by Meadows and collaborators was very strong. In fact, [22] and [23] are two updates of
their book, both maintaining the original pessimism. What they said, in a sense, could be thought of as a kind of “neo-
Malthusianism”, that is, the world was growing much faster than the natural resources available to feed this growth,
and so the only solution was to stop the growth. Independently of the merits or flaws of the World3 model, it is
evident that for people in the upper classes all over the world the consequences of stopping growth would be very
different than the consequences for people in the lower classes, and above all for people in the lower classes in
underdeveloped countries -or, as it is more politically correct to say, in developing countries. Interestingly, it was in
one developing country, in Latin America, where a model was prepared to challenge the “doomsday scenario”
anticipated by the World3 model: an interdisciplinary group in Bariloche, Argentina, designed and implemented the
Latin American World Model, usually better known as the Bariloche Model (see [24]). The Bariloche Group preferred
a model which would outline the path to sustainable development rather than predict doomsday. The Bariloche Model
was a scientific success, and its influence, exposing rigorously and explicitly the pre-assumed points-of-view of
researchers from a developing country, was significant: suffice it to say that UNESCO used an interactive version of
the model in courses in planning in Paris. Besides, it was an impressive exercise in interdisciplinary work in
Argentina, where scientists from different areas seldom endeavor into interdisciplinary projects.

The Bariloche model was officially presented in 1974 to the IIASA (International Institute for Applied System
Analysis). The same year another model was also presented, as the second report to the Club of Rome, but which
supposedly corrected the mistakes of which the World3 Model was accused: the Mesarovic and Pestel’s World
Interdependence Model (WIM) [25].

The objections —in general very sound— to Meadows’ model (and to Mesarovic and Pestel’s model) spanned
through the decades, are well known, and are not only of political but also of technical nature, but this is not the place
to analyze them (see, for instance [26], [27], [28], [29]).

Very recently, fresh words started to be heard about those models and the conclusions offered in The Limits to
Growth, mainly due to its 40" anniversary (see for instance Bardi [32]). Interestingly, a somewhat non-traditional
reinterpretation of what that work really was (and what its real message was really intended to be) comes from one of
its very authors, Jorgen Randers [33]. These recent retrospective thoughts are more concerned with the non-technical
criticisms received by Meadows’ World3 model (i.e. the interpretations of “the message”). In the words of Randers:
“...[the book] points to the need for a solution to three fundamental and legitimate problems: poverty, unemployment,
and old age insecurity that underlie the global fascination with growth. These problems must be solved in a way which
is compatible with planned reduction of the human ecological footprint.” Here, “planned reduction” instead of ‘growth
stop”, and “ecological footprint” instead of “economic growth”, represent alone big conceptual departures from the
originally popularized message of the book. Moreover, Randers continues: “... Most likely this [the reduction of
ecological footprint] will ultimately require equitable allocation of finite global resources on a per capita basis”, a
sentence suggesting the egalitarian distribution of global wealth among all human societies perhaps not too easy to
claim loud in the United States by the time the book was published.

All in all, it is fair to say also that Meadows’ model had a great virtue: although Forrester’s model can be
considered the first world model, Meadows’ model was the first global model that became famous; it had an
extraordinary impact in the press and in the public opinion, and for that reason it is very valuable, because it
compelled many people to study the characteristics that a global model should have to be reliable. Anyway, as the
controversial judge Alex Kozinski [34] remarks, sometimes predictive models reflect, not reality, but the
preconceptions of the model’s creators. There was an excessive “doomsday scenario” but the work was challenging:
perhaps the doomsday scenario is too pessimistic, but it is really important to count on a scientific community
becoming used to analyze projections of global plausible possible futures.

A myriad of global models appeared after the ones mentioned above, and it is not necessary to mention them here.
For example, Brecke [35, 36] discusses the history of many of them, including a not very known Soviet one [37];

4 Anyway, it is interesting to comment on Kalman's [29] paper. His approach is more general from the point of view of the
“theory of models”, with a touch of epistemological flavor. His reference to Meadows' model is very short; he attacks it from a
“pure system-theoretic” angle, and he mentions Vermeulen and de Jongh [30], who observe that “...the mathematical model
basic to the results of The Limits to Growth has been found to be very sensitive to small perturbations”. On the sensitivity of
Meadows’ model to changes in parameters and initial conditions, and on the issue of model’s validation against historical data
see [31].
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regarding this one, it is curious that so few Western modelers investigated what the Soviets were doing: it should have
been obvious that, in spite of political constraints and control, a country that invented central planning by means of
five-year plans probably should be (as in fact was) interested in this methodology. Lazarevic [38] shows some
opinions about global models at the end of the 1970s. During the 1970s this kind of global models was very popular;
moreover, the already mentioned I1ASA - housed in the Blauer Hof Palace in Laxenburg, near Vienna- was created in
1972 with the main purpose of analyzing and confronting the models.

5. SOME REMARKS ON GLOBAL MODELS

In what sense these global models could be considered “forecasting” models? The models neither predict the fall of
the Soviet Union or the war in Yugoslavia, nor took into account a scenario in which these events could happen.
Meanwhile, runs of the GLOBUS model in the 1980s predicted the political system in Czechoslovakia, East Germany
and Poland to be more stable than that of Western Europe.® It can be argued that for that kind of predictions, a model
dealing with political variables should have been used, and we are very far from implementing mathematical models
of political events (Domingo and Varsavsky prepared a mathematical model of Utopia, not of a real political
situation). Nevertheless, in many cases changes in economic variables (e.g., the oil price) are not easy to forecast.
Besides, other difficulties appear that should not be overlooked: the models may be too sensitive to parameters whose
values are arguable, and the variables not modeled explicitly must be accounted for by the introduction of some
“randomness”. Of course a modeler can never introduce in a global model all the variables involved: on the one hand,
one does not even know all of them, and on the other hand, the relationships among the known ones are too
complicated for all of them to be explicitly described. Therefore, as in many other scientific models, “hidden
variables” should be perhaps replaced by random variables. Moreover, randomness does exist: had it been feasible in
January, 1914, to prepare a global model of the world, or at least of Europe, with an horizon of, say, twenty years, it is
extremely implausible that the model had taken into account that seven months later the most important countries in
Europe would be immersed in a horrific war (war that, by the way, most planners in the different General Staffs
supposed would be short). Unfortunately, lack of predictability cannot be associated with lack of data (so that the
model seems “more random”); if one assumes that when a country is more developed then more data exist, and thus
more reliable the data are, it could be argued that the more developed a country is, the more predictable or robust the
model becomes. Unfortunately, it is not so: “robustness” or “predictability” of a global model is not necessarily related
to the degree of development of the country or region studied: it is likely that an Argentinean model should be less
robust or less predictable than a Namibian model. And sometimes population dynamics may be unpredictable:
population size may run amok [40].

6. COMPLEX SYSTEMS

During the 1980s the mass media and public opinion became less and less interested in global models of this kind.
For the Latin American groups, the explanation is simple: the optimism, that we already mentioned, of the 1960s,
disappeared completely in the 1970s: in Argentina there was a military dictatorship from 1966 to 1973, but scientists
interested in political, social and economic problems who abandoned the country or the research at the universities
could continue working in other Latin American countries (the “Varsavsky network™ is an example) or in non-
governmental organizations (as shown by the Bariloche Foundation that funded the Bariloche model).

In the 1970s the political situation was unhealthy in most South American countries, and global models were not a
priority for scientists exiled or silenced. In the developed world the explanation is not so easy: it is likely that
pessimism related with doomsday scenarios began to decrease, given that it was obvious that in the 1980s the western
powers — especially the United States — were winning the competition against the Soviet Union, and that “normal”
scenarios are less attractive, from the mass-media point-of-view, than doomsday scenarios. Anyway, it was impossible
not to use this kind of models, or similar ones: since the appearance of the computers at the end of the 1940s, that
meant the possibility of making more and more computations with more and more variables in less and less time; it
was obvious that complex systems, impossible to work with prior to the computer era, should —and would— be
mathematically and computationally treated.

Continued increasing attention was paid to the study of more general complex systems, not necessarily related to
socio-economic worldwide prospective analyses. The study of complex systems is an interdisciplinary field of science,
which studies the structure and characteristics of complex interactions among systems in nature and society [41]. As
complex systems deal with many, many variables, with many, many attributes, subject to many, many relationships
which in turn might represent many possible causes, it was impossible to try to model them mathematically before the

® For the GLOBUS model, see for instance [39].
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computer. Global models are a class of complex systems that analyze some parts of the society related with different
countries, of geographic regions. What was instead observed was a more intense interest in complex models in
general, and in “complexity science”. Simultaneously, several institutes -similar in a sense to the IIASA- were created
in different places, for instance the Santa Fe Institute, founded in 1984, and the New England Complex Systems
Institute (NECSI), founded in 1996. All these approaches are necessarily interdisciplinary. NECSI, for instance,
defines Complex Systems as “a new field of science studying how parts of a system give rise to the collective
behaviors of the system, and how the system interacts with its environment™ (http://www.necsi.edu).

The applications are varied: NECSI indicates among its applications economics, multiscale methods, ethnic
violence, networks, health care, evolution and ecology, management, systems biology, education, engineering,
military conflict, development, negotiation. Some of these fields are a priori not supposed to be easily modeled; others
may be thought as descendants of game theory models, tracing back to the impressive effort that von Neumann and
Morgenstern [42] invested in their famous book, perhaps one of the first (very simple) attempts to model complex
situations under competition. It is amusing to see that almost all the book analyzes scenarios with up to 3 or 4
participants: it was written before the appearance of the modern computer.

The areas of interest of the Santa Fe Institute (http://www.santafe.edu/) are physics of complex systems;
emergence, innovation, and robustness in evolutionary systems; information processing and computation in complex
systems; dynamic and quantitative studies of human behavior; and emergence, organization and dynamics of living
systems. As it can be seen, a lot of systems may be labeled “complex” and tried to be mathematically modeled.
Obviously, multi-disciplinary collaboration is absolutely necessary in this kind of approach. Another institute, the
Bath Institute for Complex Systems -this one in Britain (http://www.bath.ac.uk/math-sci/bics/)- has research lines
related to modeling and analysis of multiscale problems; structure of biologic populations; deterministic properties of
highly disordered systems; numerical methods for multiscale problems; and highly structured stochastic systems.
Systems on which these institutes work seem perhaps more difficult to model than systems studied by global models;
but, for the above mentioned reasons (among many others), interest gradually changed in the 1980s from global
models to complex systems, understood in the sense these three Institutes (and many others) approached them. It could
be well regarded as a symptom of the prevalence of domain-oriented specialization over cross-domain analysis at least
from the application point of view (even when interdisciplinarity remains a key feature).

Many valuable and interesting papers have been written on complex systems, as well as dull and uninteresting ones
(as in all fields of science, of course). As the definition of complex systems is very broad, a lot of important
contributions can be classified as contributions to complex systems. Anyway, many contributions on complex systems
are theoretical, so that they cannot be compared with works on global models. Perhaps the most mature organized
body of knowledge related with complex systems is the Springer Complexity interdisciplinary publishing program
(www.springer.com/physics/complexity) which stems from physics and includes research and teaching-level texts on
fundamental and applied aspects of complex systems.

7. ENVIRONMENTAL MODELS

In the last years, an interest arose on other kind of models, environmental models, which have many common traits
with the traditional global models, although more focused, naturally, in environmental problems than in development
problems. Global models in general assumed that what they simulated were feasible situations originated in human
decisions on economics, policy, military affairs, fight against poverty, and so on. In current environmental models, on
the other hand, human decisions refer especially to their contributions to global warming or climate change; according
to most experts, global warming is due mostly to anthropic actions; according to a minority of experts, the anthropic
influence in global warming is negligible. In both cases, besides anthropic action there exist natural causes, which are
also included in the models. Most complex systems models are not especially interested in the future state of the
world: on the other hand, the main interest of global models is to forecast the future state of the world, or parts of it,
using (perhaps many) mathematical equations and assumptions, and this is also the main interest of environmental
models. In both types of models not all the assumptions are explicit; some are hidden in the equations. Environmental
models are more “technical”, in the sense that they use less political or economic assumptions, which are always
subject to discussion (although the fact that a minority of experts challenge the approach of most scientists indicates
that, in spite of being “technical”, they are not immune to discussions). Taking this into account it is probably sound to
affirm that, in a sense, environmental models are somehow the heirs of the 1970s global models. This is the feeling
one has, for instance, when looking at the 1HASA website (http://www.iiasa.ac.at/), and realizes how much this
institute, where thirty years ago many global models were presented, is now interested in climate change. It is
interesting to remark that environmental models can be regarded as “heirs” of global models, but not “descendants” of
them: environmental models evolved from the forecast numerical models that John von Neumann and Jule Charney
proposed at the end of the 1940s and in the early 1950s [43], and then from the atmospheric general circulation models
from 1955 on [44].
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http://www.springer.com/physics/complexity
http://www.iiasa.ac.at/

Castro — Jacovkis, Global models 29

8. CONCLUSIONS

From all the discussions on global models, and also on environmental models, some words of caution are
necessary: equations are sometimes controversial (not only the empirical equations, but also the supposedly
“conceptual” ones); parameters must be calibrated when feasible, sometimes a difficult task; they may be extremely
sensitive to changes (although sometimes we do not know their actual values); initial conditions (state of the system at
the beginning of the simulation time) must be given, and sometimes, if they are difficult to obtain, they must be found
through a process of “warming up” of the model which does not always converges to the true simulated beginning of
the simulation; boundary conditions must be given (sometimes they are difficult to obtain, and when using a model for
predicting a future state of a system one has often to invent them); if partial differential equations are used, numerical
methods must be robust enough; in socio-economic models, equilibrium points may be unstable.

On the other hand, if used sensibly and cautiously, they enrich the knowledge of the system under study; a huge
number of experiments with different parameters, boundary conditions and initial conditions must be performed
before inferring unquestionable conclusions; some experiments must be performed with variables randomly perturbed;
a global model must be developed dynamically and iteratively, that is, it must be constantly criticized, modified and
improved (besides, a global model must be dynamic in the sense that it evolves in time and usually does not tend to an
equilibrium point); sometimes (and perhaps this is really difficult), if the results of the model are not what we expect,
we must change our expectations, not the model.

In spite of this, modelers often back their models more than they should. More caveats should be included in all
models made public, more alternative results should be showed changing some input data (or parameters) not
sufficiently well known, more scenarios should be included, and also the main assumptions embedded in the structure
of models should be made clearly explicit.
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