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Since 1980, the International Futures (1Fs) project has produced three generations of theworld
model with that name. The IFs model facilitates analysis of global demographic, economic,
energy, agricultural, environmental, and sociopolitical systemsinto or through the 21st century.
The most recent release within the third generation provides detail on more than 200 variables
acrossasmany as 20 different countriesand regions. |Fshasincreasingly evolved froma global
model to a global modeling system that allows analysis of data and analytical relationships
across 162 countries. The system runs under Microsoft Windows with a menu-driven structure
for smplified scenario analysis. IFsiswidely availablefor educational use and policy analysis.
The primary focal points of analysiswith IFsare (a) elements of the possible transition toward
sustainability in the 21st century, and (b) aspects of sociopolitical change within countriesand
in the global system.
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International Futures (IFs) is a world model or computer simulation of
global development that

e divides the world into geographic regions (up to 20 different countries or
aggregated groupings of countries from a database for 162 countries);

* represents the dynamics and interactions of demographics, economics, food
systems, energy systems, selected environmental systems, and elements of
sociopolitical change;

AUTHOR' SNOTE: The author gratefully recognizes many critical contributions to the devel-
opment of International Futures (IFs). Much came from members of two world modeling proj-
ects: (a) theinspiration and ideas of Mihaljo Mesarovic, Aldo Barsotti, Juan Huerta, John Rich-
ardson, Thomas Shook, Patricia Strauch, and other members of the World Integrated Model
(WIM) team; (b) the scholarly contributions by Stuart Bremer, Peter Brecke, Thomas Cusack,
Wolf Dieter-Eberwein, Brian Pollins, and Dale Smith of the GLOBUS modeling project. Across
the generations of IFs, | have received much help and many suggestions from (among others)
Donald Borock, Richard Chadwick, William Dixon, Elizabeth Hanson, Curtis Johnson, Dale
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e uses a dynamic, equilibrium-seeking structure that allows simulation as far
into the future as 2100;

e g§itswithin amenu-driven modeling system that allows easy development and
exploration of alternative“if then” statementsabout the future (hencethe acro-
nym IFs); and

« dlowsextensive cross-sectional and limited longitudinal analysis of relation-
ships among hundreds of variables across 162 countries.

The structures of International Futures conscioudly build on the features of
many other global models developed since the early 1970s. Because IFs is
inexpensively availablefor educationa or other use (accompanying abook by
thesamename), it makes such world modeling accessibleto awide audience.

IFs providesits users, both students and policy analysts, with the ability to
exploreavariety of potential global transitions. Transitionsinthe 21st century
need to move much of humanity toward environmental sustainability and are
likely to move most of humanity to socia conditions that now characterize
only economically advanced countries. The model helps its users investigate
the sensitivity of such transitions to an extensive range of assumptions about
the dynamics of the underlying systems and about possible policy choices.

Thisarticlewill (a) trace the history and lineage of International Futures,
(b) provide greater detail onitsstructure, and () illustrate the analysisthat a
user can undertake with the model.

History and Lineage

The first generation of IFs simulation appeared in 1980, shortly after the
publication of World Modeling: The Mesarovic-Pestel Model in the Context
of Its Contemporaries (Hughes, 1980). Drawing upon that comparative
analysis of world models, IFs consciously integrated content and structure
from several of themost widely known world model sthat appeared following
the pioneering simulation of Forrester (1971) and Meadows, Meadows,
Randers, and Behrens (1972). Specifically, |Fsdrew on the M esarovic-Pestel
or world integrated model (Mesarovic & Pestel, 1974), the Leontief world

Rothman, Phil Schrodt, Douglas Stuart, Donald Sylvan, and Jonathan Wilkenfeld. Michael Nie-
mann, Terrance Peet-Lukes, and Douglas McClure helped with microcomputer adaptation.
James Chung, Padma Padula, Shannon Brady, David Horan, and Michael Ferrier helped with
dataand in other ways. Harold Guetzkow, Karl Deutsch, and Gerald Barney havelong provided
generalized support and useful guidance. Finally, the National Science Foundation, the Cleve-
land Foundeation, the Exxon Education Foundation, the K ettering Family Foundation, the Pacific
Cultural Foundation, and the United States Institute of Peace all contributed essential financial
assistance, but should never be held responsible for the evolving product.
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model (Leontief, Carter, & Petri, 1977), the Bariloche Foundation’s world
model (Herreraet a., 1976), and Systems Analysis Research Unit (SARU)
model (SARU, 1977). CONDUIT, an educational software distribution cen-
ter at the University of lowa, distributed IFsin FORTRAN for use on main-
frame computers.

Although thefirst generation of |Fswasintended primarily for educational
use, al generations (and especialy the third) have also attempted to provide
policy analysiscapability for specialists. For instance, the U.S. Foreign Service
Institute used the first generation of 1Fsin amid-career training program.

The second generation of International Futures was a simplified version
written for microcomputer use (specifically the IBM and DOS platform) in
1985. It also targeted educational applications, and CONDUIT again distrib-
uted it.

Thethird generationisafull-scalemicrocomputer model, first availablein
1993. The third edition improved demographic, economic, and other repre-
sentations, but also added new environmental and sociopolitical content. It
drew upon the collaboration of the author with the developers of the
GLOBUSmodel (especially the economic module), created with theinspira-
tion of Karl Deutsch and under the leadership of Stuart Bremer (1987) at the
Wissenschaftszentrum in Berlin.

Three editions in the third and current generation have accompanied a
book also called International Futures (Hughes, 1999). The second edition
converted themodel to Visual Basic and introduced a much improved menu-
driven interface, running under Windows. That release is also available for
the Maclntosh (www.tarkvara.org). This article focuses, however, on the
third edition or release of I1Fsin the current generation of the model (www.
du.edu/~bhughes/ifs.html). Figure 1 showsthe introductory or splash screen
from the current generation.

In addition to the student version of IFs, meant primarily for educational
use, IFsisavailablein aprofessional edition. The primary additional feature
of the professional edition is the ability to draw upon the database for 162
countries to restructure the world geographically (through an automated
process), according to the needs of the analyst. For instance, the professional
edition allows focus on Bulgaria, in the context of other individual Balkan
countries, al inaglobal setting.

Basic Structure and Use of |Fs

IFshasthefollowing six modules: demographic, agriculture, energy, eco-
nomics, politics, and environment.
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. Welcome to International Futures [ [5]x]

A Global Simulation Model International Futures
Created by Barry B. Hughes

Copyright 1983-1998

WVersion 3.16

FIGURE 1: Introductory Screen for International Futures (Ifs)

1. Thepopulation model of IFsrepresents 19 cohorts: infants, 5-year intervalsup
to age 85, and those aged 86 and above. Overall fertility and mortality rates
change in response to income, income distribution, and multipliers. The mod-
ulecomputesaveragelife expectancy at birth and literacy rate, and it calculates
an overall measure of the physical quality of life.

2. Theagricultural model of IFsrepresentsproduction, consumption, and trade of
cropsand meat. |t showsocean fish catch and aquacultureinlessdetail. It bases
production on land in crop, grazing, forest, urban, and “other” categories. It
calculates demand for food, livestock feed, and industrial use of agricultural
products. In this partial equilibrium model, food stocks buffer imbalances
between production and consumption and determine price changes.

3. The energy module portrays production of six energy types. ail, gas, coal,
nuclear, hydroelectric, and other renewable (e.g., photovoltaic, biomass, and
wood). | Fsforecasts consumption and trade of energy in the aggregate. It rep-
resents known reserves and ultimate resources of the fossil fuels and capital
costs of each energy form. Energy stocks buffer imbalances between produc-
tion and consumption and prices change in pursuit of sectoral equilibrium.

4. The economic module simulates the economy in five sectors: agriculture,
materials, energy, industry, and services. It isagenera equilibrium model that
does not assume exact equilibrium will exist in any given year; instead, the
model chases equilibrium over time. The economic modul e encompasses the
partial equilibrium analyses from the agriculture and energy modules. Interna-
tional trade uses the pooled rather than the bilateral trade approach.

5. The sociopoalitical module has three primary components. Within countries or
geographic groupings, the module representsfiscal policy—taxing and govern-
mental spending. The spending categories are military, health, education, for-
eignaid, and aresidual category. Between countriesor groupings of countries,

Downloaded from sag.sagepub.com at University of Denver on February 11, 2015


http://sag.sagepub.com/

308 SIMULATION & GAMING / September 1999

It i Standard Yasiable Selection

World Totals: Regions /Countries: Regional/Country Variables:
Selected Set USA Selected Population
Popuiation Canada Population
Population Growth Rate Mexico Population Growth Rate
GDP EU Malnourished Children
GDP Per Capita Japan Selected Economic
North-South Gap. Absolute RestDev GDP
Nornh-South Gap. Ratio Russia GDP Growth Rate
Calories Per Capita OPEC GDP Per Capita
Life Expectancy LatAm Expenditure Components
Literacy Rate Africa Selected Energy
Physical Quality of Life India Energy Demand
Oil Portion of Energy China Energy Demand/GDP
CO2 Percent Increase OthAsia Oil Production
Crop Production Other Selected Agricultural
Forest Area ALL Agri d

: Crop Production

b Crop Yield

H Selected Social

; Life Expectancy

! Literacy

FIGURE 2: Output Variable Selection in International Futures (Ifs)

the module allows the user to explore action-reaction processes of mutual
threat, possibly spilling over into arms races with the potential for conflict
among countries. Across countries, the model represents social change that
typically occurs with development, including increasing democratization and
greater equality for women.

6. There is aso an implicit environmental module distributed throughout the
overal model. Itispossible, for example, to track thelevel of atmospheric car-
bon dioxide, theareaof forested land, the use of fresh water, and the remaining
reserves of fossil fuels.

Figure 2 shows a screen from I Fs that allows the analyst to select awide
range of basic variablesfrom | Fsto display. An extended display screen (not
shown) allows selection for display of al initial conditions, parameters, and
computed variables. Display options obviously include tables and standard
graphical formats, but also include display on aworld map.

Therearevarious policy handles scattered throughout all modulesfor sce-
nario analysis. For instance, in the demographic module, the analyst can
hypothesize alternative fertility rates (a government might affect those rates
through programs of family planning). In the agricultural module, the user
can dter land use patterns (a government could change those through tax
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FIGURE 3: Parameter Changein International Futures (IFs)

incentives, zoning, or direct regulation). In the energy module, one can
assume different capital costs in the use or production of energy (again
affected by tax incentives or legislation). An analyst invokes these policy
handles by changing any of more than 70 key parameters. Figure 3 shows a
screen that facilitates change of parameters or initial conditions (a total of
327).

In addition to changing individual parameters (using either time-invariant
or time-specific values), it ispossibleto change more than 20 functional rela-
tionships within IFs by specifying analytic functions of choice. The IFs sys-
tem provides help for the development of such analytic functions. For
instance, it is possible to create longitudinal or cross-sectional relationships
across the extensive, 162-country database and feed those relationships
directly to Microsoft Excel for analysis.

IFsisaliving model and regularly outgrows documentation. The context-
sensitive Help system of the model isthe most accurate and up-to-date docu-
mentation for the model. The Help system includes step-by-step lessons for
all major activities (displaying variables, creating a scenario, running the
model, cross-sectional data analysis, etc.). It also provides information on
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FIGURE4: SampleCausal Diagramin|nternational Futures(l Fs): EconomicModule

data sources, other modeling projects, and comparative forecasts. Consider-
able effort has been made to open up the black box of the model. Therefore,
the Help system also includes causal-loop diagrams and equations. See Fig-
ure 4 for an illustration of a causal diagram from the Help system. Those
interested in the detailed documentation of the Hel p system can turn to either
the model itself or to the |Fs web site (www.du.edu/~bhughes/ifs.html).

Using | Fsto Analyze Sustainable Development

The motivation behind development of |Fswas the need to analyze long-
term global change and human leverage with respect to that change. In par-
ticular, twoissuesdrove the devel opment of IFs: (a) theimportance of global
movement toward sustainable development, and (b) the rapidity of country-
specific and globa sociopoalitical change and the great variations in that
change across countries. We begin with the issue of sustainability, but will
return to sociopolitical change.

Most global forecasting adopts either apocalyptic or millennial character
around the issue of sustainability. The Club of Rome’'s Donella and Dennis
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Meadows (Meadows et al., 1972) told us that we faced imminent Limits to
Growth, and argued more recently that we have, in fact, moved Beyond the
Limitsof sustainability (Meadows, Meadows, & Randers, 1992). Indramatic
counterpoint, Herman Kahn forecast that The Next 200 Yearswill be ones of
overcoming limits (Kahn, Brown, & Martel, 1976), not being overcome by
them thanks to the help of the Ultimate Resource, namely people (Simon,
1981). And Ronald Bailey tells us that The True Sate of the Planet (Bailey,
1995) standsin almost complete contrast to the pessimistic vision of Lester
Brown’s Sate of the World (Brown et al., 1998).

There isimportant logic behind each of the two modes of futurism, spe-
cifically thefunctioning of feedback loopsin reinforcing processes. Environ-
mental and political problems can weaken the capacity of societiesto adapt,
thereby accelerating declines into collapses. In contrast, technological suc-
cess buttresses the ability of societies to overcome adversity, potentially
transforming individual breakthroughs into periods of sustained growth.
Thus, civilizations historically have exhibited broad periods of growth and
material progress, aswell as marked episodes of decay and collapse.

IFs helps us look down the road into the future from both perspectives.
First, we can examine trends in population and economics that give us an
aggregate perspective on long-term human development. Second, we can
shift our perspective to more specific processes occurring at amore physical
level, including the specifics of agricultural, food, and environmental sys-
tems. It is apparent that many of those who have looked at human devel op-
ment with the first perspective are quite optimistic about the future, whereas
those who adopt the second perspective are more skeptical. Theability of 1Fs
to use and integrate both perspectives is one of the model’s strengths.

The base case of the IFs model produced al of the figures shown here,
although we used Excel to polishthem for presentation. For an earlier version
of this discussion of sustainability, see Hughes (1997).

Aggregate Demogr aphic and Economic Transfor mations

Population. In the 20th century, world population has grown from 1.6 bil-
lion peopleto about 6 billion, with growth ratesthat accel erated from 0.5%in
1900to morethan 2.0%intheearly 1960s. At that time, global demographics
passed acritically important but surprisingly little-celebrated turning point:
Global populationgrowth ratesbegantofall. They havefallento 1.4% astotal
fertility rates continue adramatic decline that has taken them from five chil-
dren per womanglobally intheearly 1950stojust under three childrentoday.

Global demography recently passed a second critical turning point. Even
asglobal population growth ratesfell in thelast three decades, the number of
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FIGURE 5: Global Birthsand Deaths Through 2100

people added to the global total continued to grow, approaching 90 million
annually early inthe 1990s. The annual increment has now fallen to just over
80 million annually (about the popul ation of Germany). Early inthe21st cen-
tury, ashirth rates continueto fall and asdeathsin an aging global population
continuetorise, theincrement will begin to decrease much moresharply (see
theforecastsfrom thebase casein Figure5). Wewill likely reach athird criti-
cal milestone in the second decade of the next century—total global births
will beginto decline, even astheworld’s popul ation ages and deaths continue
torise.

Our level of confidence in such forecasts can be moderately high because
fertility and mortality rates tend to change relatively slowly and quite stead-
ily, imparting consi derable momentum to demographictrends. Althoughitis
much less certain, many forecasters, including those of the United Nations
and the World Bank, anticipate still another global demographic milestone
before the end of the next century, namely the attainment of zero population
growth. Most commonly, forecastersanticipateaglobal population of around
10 billion at that time, but low-end forecasts fall below 8 hillion.

Theforecast of birthsand deathsin Figure 5, which would lead to astable
world population of about 10 billion people, is, of course, only the base case
forecastin |Fs. It isimportant never to treat the base case asaprediction, and
IFstherefore allows the creation of alternative scenarios around it. The user
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can directly alter assumptions about fertility rates and life expectancy. In
addition, the user can alter variablesthat affect the key determinants of mor-
tality andfertility. For instance, it ispossibleto introduceamultiplier on con-
traception use. And, of course, changesin any other submodel of IFs(suchas
economicsor agriculture) will haveimplicationsfor the population scenario.

Economics. Theother aggregate transformation of the 21st century will be
in economics. Inthe 20th century, the global Gross Domestic Product (GDP)
has grown from about $2 trillion to nearly $30 trillion (eachin 1990 dollars),
an annual average growth rate of about 2.7% (Maddison, 1995). In per capita
terms, global GDP hasgrown from abit over $1,000 to more than $5,000. To
put this century’s change in perspective, consider that the value for $1,500
has been estimated at $565 and that as|ate as 1820 the global GDP per capita
was only about $650. In spite of the Great Depression and in the absence of
much growth in most of Africa, the 20th century has seen by far the most
rapid economic development in history.

The economic change of the last century has been, of course, extremely
uneven. Income inequalities among and within countries have increased
markedly. In 1900, the richest countries of the global economy, such as the
United Kingdom, the United States, Australia, and New Zealand, had Gross
Domestic Products per capitain the $4,000 to $5,000 range (in 1990 dollars),
whereasthepoorest wereat level sbel ow $1,000. At theend of the century the
richest have reached per capitalevels of around $20,000 and the poorest are
still at or below $1,000.

Although few soulsare so bold asto forecast global economic growthinto
(much less through) the 21st century, the prestigious Intergovernmental
Panel on Climate Change (IPCC) did just that asabasisfor studying the con-
tinuing build-up of carbon dioxide. They forecast a 24-fold increase in the
global economy between 1990 and 2100 (13-fold in more-developed and
69-foldinless-devel oped economies, respectively), anaccelerationrelative
to the 15-fold increase of the 20th century. (The IFs base case forecast is
comparable.)

Such a forecast might seem outrageous to many who view the slowing
growth of the period since the early 1970s (or the crisis of the late 1990sin
emerging market economies) to be aprecursor to greatly reduced global eco-
nomic growth. There are, however, good reasons to believe that global eco-
nomic growthinthe 21st century will exceed that of the current century. First,
global economic growth has been on a generally accel erating path for more
than 200 years. Maddison (1995) pointed out that the period of most rapid
economic growth in human history, the Golden Age, was 1950 to 1973.
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FIGURE 6: Global Product Per Capita Through 2100

Although the second most rapid growth was from 1870 to 1913, the third
most rapid was the much maligned 1973 to 1992 period. Second, the very
largedifferentialsthat have appeared globally in GDP per capitahave created
the possibility for countriesat lower levelsof GDP per capitato dramatically
increase their growth rates through adoption of existing technology from
richer countries. The IPCC forecast is reasonable. In combination with the
population forecasts of thel Fsbase case, it leadsto the product per capitapat-
terns of Figure 6.

We need to elaborate the great importance of reaching GDP per capita of
$5,000. Dramatic transformations occur in almost al societies as GDP per
capita grows from $1,000 to $5,000. Primary school attendance becomes
near universal and literacy rises well above 50%. Life expectancy jumps
sharply toward that in therichest countriesand fertility ratesfall very rapidly.
Changesinsuch“quality of life” variablesismuch lessmarked above $5,000
per capitathan below it. Thus, it isvery significant to be able to say that the
world on average (although it is a very skewed average) has reached that
level. Themost dramatic element of economic transformationinthe21st cen-
tury will be the movement of alarge majority of humans above $5,000 per
capita. The IFs base case of Figure 6 (again comparable to IPCC forecasts)
suggests the possibility of a global average even above levels of developed
countries today.

Again, it is critical to emphasize that we have been discussing only the
base case of IFs. The modeling system allows a variety of scenario
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interventions. For instance, assumptions can be changed concerning techno-
logical advanceintheglobal systemasawholeor by country/region. Itisalso
possible to manipulate multipliers on investment rates, tax rates, export lev-
els, and other economic variables. Furthermore, it is possible to intervenein
systems such asenergy, agriculture, and the environment that have important
indirect linkages to economics. It isto those systems that we turn now.

Food, Energy, and Environment as Rough Patches
on the Road to Sustainability

Although our glance at the | Fs base case to this point suggests an increas-
ingly stable world demographically and an increasingly rich one economi-
cally, things look less comforting when we view the future beneath these
aggregates. Will we haveenough food for nearly twice asmany humans? Will
we have enough energy to power our burgeoning economies? | nour effortsto
feed ourselves and our economies, will we greatly damage our physical and
biological environments, thereby undercutting rosy economic forecasts?

Food. Between the early 1960s and 1990s, global per capita calorie con-
sumptionincreased by about 15%. Levelsinlessdevel oped countries (LDCs)
increased even more rapidly, from 1,990 caloriesin 1962 to 2,550 in 1992.
The population estimated to be malnourished decreased from 900 million
(35% of the LDC total) in 1969 to 1971 to 800 million (20% of the LDC
population) in 1988t0 1990. Cal oriesconsumed globally per person each day
rose from 2,440 to 2,720.

In spite of this progress, there is an ongoing debate about our ability to
feed ourselves. To put the problem in perspective, an increase in the global
population from 6 billion to 10 billion means that we will need to increase
global food suppliesby afactor of 1.67 just to maintain current dietary levels.
To bring global average calorie availability from 2,720 to 3,500, approxi-
mately thelevel in therichest countriestoday, wewould need afurther factor
of 1.29. To do both, we would seem to need food supply increases of about
2.15(1.67times 1.29). However, that would ignore thefact that the increased
calorieswill, if consumers have their preference, comein large part through
the addition of more grain-fed meat to diets. Even assuming that we were to
eliminate much of the agricultural wastethat is prevalent in thefood harvest-
ing and distribution systemsof L DCs, weneed to multiply basic crop produc-
tion by about 3.5 timesto satisfy consumption demand of 10 billion wealthy
eaters.

Those, likethe United Nations (UN) Food and Agricultural Organization,
who look quite optimistically to the future (seethe | Fsbase casein Figure 7)
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FIGURE 7: Daily Calories Per Capita Through 2100

rely on one major argument: agricultural technology continues to advance,
especialy as we move into an era of genetic engineering. Moreover, a sub-
stantial portion of theworld has not yet adopted even current state-of -the-art
technology. Remember that global food production more than doubled
between 1960 and 1995 (only 35years), intheface of highly pessimisticfore-
casts near the beginning of that period.

Those who are anxious about the future of agriculture marshal animpres-
sive array of arguments: agricultural land per capitais declining; land enter-
ing production often comes at the expense of tropical forest and has marginal
quality; aquifersaround the world are being drawn down, and sitesfor place-
ment of new irrigation reservoirsare dwindling; fertilizer and other chemical
use hasreached level sthat often bring few marginal returns and that contrib-
ute greatly to pollution; and ocean fish stocks are falling.

One focal point of the current debate is the prospect for meeting food
demand in China. Lester Brown concluded that rapid industrialization will
lead to a substantial withdrawal of land from agriculture and amajor growth
in dependence on food imports (Brown, 1995, 1996). He forecast Chinese
importshby 2030 of 300 million to 640 million metrictonsof grain. To put that
incontext, netimportsby all of Asiawereonly about 80 million metrictonsin
1990, and North America exported only 110 million metric tons.

IFs alows the creation of awide range of scenarios around its base case
forecast, many of which aremuch closer to those of Brown (1995, 1996). The
analyst can manipulate assumptions about agricultural demand, both in the
aggregateand at thelevel of the portion of cal orie needsmet by meat. Itisalso
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possible to change assumptions about land use and the growth of yield per
hectare of land. Similarly, one can introduce alternative assumptions about
the ocean fish catch, its division among countries, and the growth of
aquaculture.

Energy. Thetwo energy shocks of the 1970s, adecade in which oil prices
jumped by afactor of about 10, |ed many to the mistaken conclusion that fos-
sil fuel shortages were imminent and that a transition to renewable energy
was necessary. Infact, known reserves of ail, gas, and coal would satisfy cur-
rent levels of global demand for 39, 64, and 219 years, respectively. These
numbers have al grown since 1973 and there is still considerable potential
for reserve expansion.

Thereal energy issuefor at least the first half of the 21st century is envi-
ronmental impact, not resource availability. Therefore, the important ques-
tionsfor the 21st century arethe probable growth intotal energy demand and
the portion of that which renewable and relatively less-polluting energy
forms may provide.

Given the IPCC forecast for 24-fold growth in GDP during the coming
century that was reported earlier, what isareasonable assumption for growth
in energy demand? The IPCC itself builds two scenarios, a doubling and a
quadrupling of global energy demand. The lower of these scenarios seems
incredibly conservative in the face of historic patterns of energy growth
(more than 2% annually over along period). Even in the face of dramatic
increases in energy prices and in the context of slowing economic growth,
global energy demand grew by nearly 45% between 1973 and 1994. The
forecast by authorsfrom the | nternational Energy Agency (IEA; 1995, 1996)
and the International Institute of Applied Systems Analysis (IIASA) of a
2.6-foldincreasein global energy usage by 2050 appearsmorenearly reason-
able (although probably also low).

Even the 4-fold demand increase at the high end of IPCC forecasts for
2100 seems optimistically low, but | Fs adopted something closeto it for the
base case. How might theworld satisfy energy demands of four timesor more
than those of today? The answer to that question depends primarily on the
relative pricesof fossil, nuclear, and renewabl e energy forms. Nuclear energy
hasactually becomemore expensive asthefull costsof thenuclear fuel cycle,
including long-term disposal of nuclear wastes, appropriately become part of
costing. Although renewable energy costscontinuetofall, those costsremain
relatively high, especially inindustrial and transportation applications. Fossil
fuels remain relatively plentiful and therefore not particularly expensive.
Wonderful declarationsin Rio and el sewhere aside, thereisan extremeglobal
scarcity of political will to tax and discourage fossil fuel use.
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FIGURE 8: World Energy Production Through the 21st Century
NOTE: OthRenew = other renewables.

L eaving aside the contributions that wood and hydroel ectric power make,
what contributionsmight other solar or new renewableformsmakeinthefirst
half of the next century? The World Energy Council (WEC; 1993) suggested
that the new renewables are unlikely to provide more than 5% to 10% of
global energy by 2025, and the IPCC, which sought to develop low-carbon
scenarios, isbarely more optimistic. Only after the middle of the next century
are renewables likely to make large contributions (see the base forecasts of
IFsin Figure 8).

| Fs once again includes many parameters or policy handles for introduc-
ing aternative assumptions. It ispossibleto directly manipul ate assumptions
of energy demand, aswell asto change assumptions about its elasticity with
price and income. The analyst can even introduce assumptions about carbon
taxes in dollars per ton of carbon emissions. On the supply side, an analyst
can use multipliers to change patterns of production directly, but can also
interveneviaalternative assumptionsabout investment level s, capital costsof
various energy forms, and fossil fuel resources.

Environment. To repeat, the real issue for the future of energy is not re-
sources, but environmental impact. Although much of that adverse environ-
mental impact will belocal, theissues about which we must worry most have
alarger scale. Of those, the most troublesome is the build-up of atmospheric
carbon dioxide (CO,) and consequent global warming.

It may seem cavalier to skip over deforestation here. In fact, | Fsdoesrep-
resent the process and the base case suggeststhat we arelikely to lose at | east
another 10% of global forest area in the next century. Similarly, there is

Downloaded from sag.sagepub.com at University of Denver on February 11, 2015


http://sag.sagepub.com/

Hughes/ INTERNATIONAL FUTURES MODELING PROJECT 319

Percentage Increase in Atmospheric Carbon Dioxide
Relative to Pre-Industrial Levels
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FIGURE 9: Increasein Atmospheric Carbon Dioxide Through 2100

increasing recognition of the problems associated with unsustainable use of
fresh water (again, |Fs alows some analysis of the issue). Nonetheless,
global warming is likely to be the most substantial global environmental
problem.

Little debate continues around thereality of CO, increasesor of attendant
global warming and increases in sea level. Atmospheric CO, was 280 parts
per million by volume (ppmv) prior to global industrialization and is about
350 ppmv today. The |PCC, drawing on the collective research and insight of
hundreds of scientists around the world, tells us that even if were we able to
hold emissions to current levels through the end of the next century, atmos-
pheric CO, would rise to about 500 ppmv.

Such apresumption of constant emissionswould not be areasonablefore-
cast. Themedium forecast of the IPCC, using very conservative energy fore-
casts, wasthat atmospheric CO, will reach 650 ppmv by 2100. Their calcula-
tions suggested that this will mean a 2° Centigrade increase in global
temperatureand about ahalf-meter risein oceanlevel. Thel Fsbase casefore-
cast iscomparable. Figure 9 suggeststhat we will have doubled atmospheric
CO, (to about 600 ppmv) by 2050 and that it will continueto rise slowly. IFs
does forecast resultant temperatures.

I Fs provides analysts with considerable capability for scenario develop-
ment around global climate. For instance, there is considerable uncertainty
over future absorption of atmospheric CO, by oceanic and other sinks, and
IFsincludesaparameter to alter assumptions. M ost scenario analysisaround
this issue will, however, focus on the energy system, and scenario analysis
with it was discussed earlier. In addition, IFsincludes an ability to build sce-
narios around the feedback affect of atmospheric CO, on agricultura
systems.
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Literacy Rate as Function of GDP per Capita
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FIGURE10: Literacy RateasaFunction of GrossDomestic Product (GDP) Per Capita

Using I Fsfor Analysis of Social
and Political Change

The overarching demographic and economic transformations of the next
century are likely to be dramatic. The efforts to deal with food sufficiency,
energy availability, and environmental quality will be complicated and diffi-
cult. Social and political changeinthe coming century could, however, prove
comparably dramatic and complicated. |Fs also facilitates forecasting and
scenario analysis around sociopoalitical change.

Domestic Social Change

We noted earlier the significance of reaching GDP per capita levels of
about $5,000. We should amend that somewhat. Much of the most dramatic
social change occurs as GDP per capita measured in purchasing power rises
toward $5,000, atransition that normally occursas GDP per capitameasured
in exchangerates climbsto about $3,000. Because most of the world’s popu-
lation livesin countrieswith GDP per capita below these levels, alarge por-
tion of the social change associated with increased income levels has yet to
occur. It is highly probable that, by the end of the 21st century, most of that
transition will be complete.

What are the implications of such aforecast? As GDP per capitain pur-
chasing power parity rises to $5,000, life expectancy rises to the high 60s,
within a few years of the longevity that those in the richest countries now
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Freedom as Function of GDP per Capita
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FIGURE 11: Freedom asa Function of Gross Domestic Product (GDP) Per Capita

expect. To put this in context, even with modern medical technology, life
expectancy for those in the poorest countries is currently in the mid-40s.
Similarly, intransition to $5,000 per capita (purchasing power parity [PPP]),
thetotal fertility rateor number of children borne by eachwomaninapopula-
tion fallsfrom 6.0 to 7.0 to about 3.0, not far above the 1.5 to 2.0 rates of the
richest countries. And literacy ratesrisefrom below 50% to nearly 80%, well
along the path toward universal literacy (see Figure 10). Thesetransitionsare
fundamentally important, and because they have a strong start globally, the
21st century should see their completion in al but isolated geographic
pockets.

M oreover, theimpact of these social transitionsextendsbeyond individual
quality of life to social organization. The Freedom House assesses democ-
racy in countries with two 7-point scales on which lower numbers mean
greater democracy. The sum of those scales drops from very high levels to
about 7 at $5,000 per capita (PPP), and then drops much more gradually at
higher levels of GDP per capita (see Figure 11).

IFs produced Figures 10 and 11 by using the 162-country database that
accompaniesthe modeling system. I Fsgivesthe analyst the capability of cre-
ating such a scatterpl ot between any two data series and then taking the scat-
terplot directly to Microsoft Excel for the fitting of a curve.

One can go an important step further by bringing many such functions
back into IFs. Figure 12 shows the Window that allows introduction of more
than 20 such functions via either atable function or an analytic form.

Downloaded from sag.sagepub.com at University of Denver on February 11, 2015


http://sag.sagepub.com/

322 SIMULATION & GAMING / September 1999

#. Change Functions

Functions (click to seeledit): [ Extend List

Play around with this

GDP{Capita Versus Total Fertility Rate
GDP{Capita Versus Literacy Rate
GDP/Capita Versus Crude Birth Rate
GDP{Capita Yersus Crude Death Rate
GDP/Capita Versus Labor Participation Rate

— Table Function Points

Play around with

this
10 v
7
8 A
] X
y

4
i
| 2

™ A

0 1 2 3 4 5

FIGURE 12: Window for Changing Functional Forms
Global Palitical Change

We can anticipate significant social and political change in the next cen-
tury internal to awide range of countries. Some internal changes will have
external and even global consequences. For instance, there is considerable
potential for expansion of thegrouping of rich, democratic countriesthat al so
boast relative demographic stability and high standards for human rights. To
the degree that the linkage between democracy and peace continuesto hold,
these changes hold out the promise of alarger interstate zone of democratic
peace.

It would be foolish, however, to anticipate that the traditional rules of
interstate politics will be repealed. Among the most important of those rules
isthat changesin power position at the top of the interstate power hierarchy
hold great danger of conflict. Seldom doestheleading state of the systemturn
over its dominant systemic position without struggle.

The two most significant power transitions of the 21st century will likely
involve China. First, Chinawill climb above Japan in power. That will occur
very early inthecentury. Already Chinaisreachingthelevel of Japaninterms
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of GDP at PPP. Given current growth rate differentials, it could surpass the
GDP of Japan in exchange rate terms before 2020. It is aso likely to attain
conventional military power parity with Japan between now and 2020 and
already has a nuclear capability that the Japanese have forsworn.

The second transition will be China's overtaking of the United States
itself. If China were to maintain economic growth rates of 10% each year
(whichishighly improbable) and the United States continued to struggle for
ratesof only 3% annually, Chinese overtaking of the United Stateswould fol-
low its passing of Japan by only about 10 years. Even if Chinese economic
growthfallsto 7%to 8% annually, both power transitionsare probable before
the middle of the next century.

Interestingly, in 1820 China and India had by far the largest GDPs in the
world, athough they lacked significant internal coherence and external
strength. China sGDPwasmorethan fivetimeslarger than those of Franceor
the United Kingdom (Maddison, 1995, p. 30). By 2100, China's GDP will
probably be morethan twicethe size of the United States (see Figure 13), and
again more than five times the GDP of either France or Great Britain.

Asaways, we should not take this base case forecast too seriously, how-
ever intriguing it might be. Practically all of the scenario options discussed to
this point allow changes in assumptions that might influence this power
transition.

Anticipated Development Directionsfor I1Fs

World modeling, the development of computer simulationsto investigate
the interrelated dynamics of multiple global systems, is not quite 30 years
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old. It remains afield very much in its youth. IFs has grown with the field,
incorporating asmuch as possiblefrom other effortswithin it and attempting
to make the accumulated knowledge of world modeling widely available.
That will continueto bethegoal of thelFs’ project through the next decade.

Theprimary substantivefoci of IFswill remainrelatively constant, around
the themes of transition to sustainable development and extensive global
social transformation. This article has sketched the general capability of I1Fs
to explore these themes, but analysis of each will becomeincreasingly more
detailed. Model extensions will continue to support such analysis. For
instance, it will be useful to elaborate the demand-side of the energy model
by sector (household, transportation, etc.). It will a so be useful to extend the
representation of social change, and in particular to model systemic shifts
over time in the cross-sectional relationships that we see today. Addition of
immigration will improve demographic modeling. Better representation of
capital flows will improve economic modeling.

Another very important area of development will be the linkage of the
model to more extensive historic, country-specific data. This may be done
either by adding such datato thealready substantial datafilesthat accompany
thethird edition of the current generation, or by onlinelinkageto databases of
research institutions.

Theuser interface of IFswill also continuetoimprove. Changesinthefile
handling, in linkage to other applications, and in simplified scenario intro-
duction will all improve IFs. Important changes in the user interface will be
theplacement of all menutextintofilessothat translation of theinterfaceinto
other languages isrelatively straightforward.

The most challenging area for model development will, however, be
interface with the knowledge gained by other modeling projects. By open-
ing up its black box as much as possible, | Fs attempts to contribute to the
crossfertilization of the field. One development option that will be very
important to explore in coming yearswill be open, online modeling. That is,
itisalready possibleto place world modelsonlineviathe Web, and aversion
of IFswill be online. The next logical step may be to create an open model,
oneinto which components of other models could be swapped. For instance,
itwouldbeideal if alibrary of demographic or energy modelscould be avail-
able for users and selected on demand. Because of the necessity for careful
specification of interface requirements, that will not be an easy step.

Finally, educational applicationsand analysiswith | Fs should continueto
grow. With respect to classroom use, Johnson and Boyer (1994), Boyer and
Johnson (1995), and Borock (1996) have explored the capabilities of IFs.
With respect to future research and analysis, Krupa, Kickert, and Jager
(1998) and Glenn and Gordon (1998) have done the same. Constructive
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criticsarefriends, and the author wel comes use of | Fsand suggestionsfor its
improvement.
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