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Abstract

This paper provides an introduction to the base case of the International Futures (IFs)
modeling system. It does so through areview of forecasts made by many organizations
and some individuasin al of the maor issue areas covered by IFs:

popul ation/demographics; economics; energy; food and agriculture; the environment; and
socio-political systems. It provides information about the IFs base case in the context of
those forecasts, comparing | Fs with them and explaining key differences.

Each chapter on an individual issue area begins with a survey of the leading sources of
forecasts for the issue, briefly notes the key concepts of interest in the forecast area, and
proceeds to the comparative presentation of other forecasts and the base case of IFs. The
penultimate chapter quickly surveys families of scenarios that present multiple-issue
global futures. That chapter is a prelude to afuture report that will compare scenario
development within IFs to those families.
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1. Introduction: TheBase Case

Four questions guide most policy analysis that involves longer-term forecasting (Hughes
1999):

1. Where do key drivers and forces seem to be taking us?

2. What are some of the surprises or wild cards that appear most important to
consider?

3. What kind of future do we want?

4. How much leverage do we have in moving the systems of interest to us towards
the future we want?

This report focuses on the first of these questions with respect to key global systems:
demographics, economics, energy, food, the environment, and socio-political change.

The central purpose of the report isto review the base case forecast of the International
Futures (IFs) modelling system. Thereis, however, valuein providing a context for the

| Fs base case by reviewing it in comparison with forecasts made by large numbers of
other organizations and individuals. Thus a secondary purpose of the report isto identify
some oflthe important contemporary forecasting literature and to draw upon forecasts
from it.

This report makes no effort to explain or document the International Futures (IFs) system.
The best documentation is through description, flow charts, equations, and the model
code in the Help system of the model .2

What isthe Base Case? The base case of amodel like IFs can be thought of as a central
tendency scenario. That is, the base case allows the global system to unfold along a path

! One of the best examples of the review of other globally-focused studies to provide a context for the
forecasting of a new one can be found in the Study Addendum of the Hart/Rudman Commission (US
Commission on National Security/21% Century, 1999b). That review is an unusually good analysis of
futures studies from 25 years earlier, as well as of contemporary efforts. See also Hughes (1985).

2 The model with Help system can be downloaded from http://www.du.edu/~bhughes/ifswel come.html.
The TERRA Project of the European Commission greatly enhanced |Fs during 2001-2003. The Strategic
Assessments Group (SAG) of the U.S. Central Intelligence Agency has been another very important
sponsor of IFs development in this generation (thanks to Evan Hillebrand and, increasingly, Paul Herman).
Frederick S. Pardee and the RAND Pardee Center have more recently come to be important supporters. A
grant from the European Union Center at the University of Michigan (thanks to Ronald Inglehart) has
helped improve usability of the system. None of these ingtitutions or individuals bears any responsibility
for the model structure or analysis presented here, but their support has been greatly appreciated. Thanks
also to the National Science Foundation, the Cleveland Foundation, the Exxon Education Foundation, the
Kettering Family Foundation, the Pacific Cultural Foundation, the United States Institute of Peace, and
General Motors for funding that contributed to earlier generations. Also of great importance, | Fs owes
much to the large number of students, instructors (thanksto Richard Chadwick), and analysts who have
used the system over many years and provided much appreciated advice for enhancement. The project
owes great appreciation to Anwar Hossain, Mohammaod Irfan, and José Solérzano for data, modeling, and
programming support of the most recent model generation.




that seems more or less to be the direction of its historic development. Assuming that
expertise should be used when availabl e, issue-specific elements of the base case areto
some degree structured and/or “tuned” so as to be similar to common forecasts that
specialists within the issue areas create.

Although some people refer to a base case as a business-as-usua scenario, doing so
might incorrectly imply that it is only an extrapolation of the present. |IFsincorporates
many constraints and dynamics that can cause aspects of the base case to unfold in very
non-linear fashion. Itisalso incorrect to think of the base case as a “best guess” about
the future, because any single case or scenario is an extremely low probability forecast.

It is best to think of the base case as a starting point for analysis and thought, one that
model users can reshape as they believe appropriate and/or can use as a foundation for
what-if questions about possible aternative assumptions/interventions.

The Base Case as an Evolving Picture. The base case of IFsis constantly changing and
is somewhat different in every release of the model. Theinitial conditions, formulations,
and parameters of the model determine the base case. Therefore every time any one of
those change, and those change constantly as the model evolves, the base case will shift.
Normally the differences across releases will not be dramatic and many users hardly
notice them. Theoretically, a base case should over time become a more solidly-based
and plausible starting point for analysis.

Assessing the Base Case. There are many foundations for judging the quality of the base
case as a useful starting-point scenario of central tendency. Because they will
unfortunately often lead to different assessments, some attention to each is useful:

e Historicvalidation. Many modelersrely heavily on validation of the model
against historic data so as to judge the quality of formulations and the plausibility
of all forecasts including the base case. Although the IFs project has used
historical validation to assess substantial portions of the model, it should be
obvious that many possible global processes over the long-term future (e.g.
movement of global population towards zero growth; peaking and decline in oil
and natural gas production; and the rapid economic and socio-political
development of a country the size of China) have no appropriate historic referent.
The future is very much underdetermined by the past.

e Strength of theory, data, and estimations. Especialy in the face of patterns and
events that have little historic reference, the quality of formulations within the
model and of the data, theory, and estimations on which they are based become
very important. The IFs project has attempted to draw on high quality
foundations in each area and to take carein filling holes, but the redlity is that our
theory and empirical analyses are very often less strong than we would like.

e Comparative forecasts and “face validity.” Still another approach to assessing
the quality of the base case (or any other scenario) isto compare it with forecasts



made by recognized experts across the issue areas represented in the model
(population, energy, etc.). Sometimes this can be the most convincing basis for
assessment because those experts themselves draw heavily on historic analysis,
theory, and data, aswell as upon their specialized insights. This approach to
assessment, however, also hasits complications. For instance, IFsisahighly
integrated model across issue areas, whereas most compar ative forecasts are
produced with expertise rooted deeply in a single area. In fact, one of the values
of IFsliesin producing a base case that will sometimes differ from other forecasts
because of linkages to or inputs from other issue areas represented in the model.

Two final comments may be useful to set the stage for thisreview. First, athough many
users of IFs, especially within the NIC 2020 project, will be focused on the next 10-20
years, this review of the base case extends the horizon further. The model has been
constructed to address issues of longer term global transitions, many of which will play
out across the century. Because the next 10-20 yearsis aready avery long timein terms
of forecasting, that period will be heavily influenced by many of those same longer term
transitions. For those interested in the nearer term, it should add value to understand how
the model treats the longer term.

Second, even in a project that draws to some degree on all three above approaches for
assessing and enhancing the base case, there is no way in which intelligent judgment can
have been brought to bear on all of the numbers in the base case, across very large
numbers of variables, countries, and time points. Thus users will find specific forecasts
within the base case that are obviously poor ones. Thisis most likely to happen for
smaller countries and for variables beyond the ones most frequently examined, but can
occur in any part of the model. Feedback to the development team is always welcome.



2. Population

2.1 Forecasters

Among the key institutions that provide population forecasts with global coverage are:

Population Division of the UN Department for Economic and Socia Information
and Policy Analysis. The UN releases revisions of its forecasts biannually under
the title World Population Prospects (2003). The coverageis global and the
forecast horizon is normally through 2050, but in late 2003 they released their
first forecasts through 2300, under the title World Population in 2300 (2003b).
They have aso produced an important study of World Population Ageing: 1950-
2050 (2002). The UN Population Division (2001) also periodically releases
World Urbanization Prospects, including the 2001 revision. In addition, the
UNAIDS group has gathered HIV/AIDS data over time and its Reference Group
on Estimates, Modelling and Projections has devel oped aforecasting model. The
UN has aso prepared a database on migration with forecasts through 2050.

The World Bank. Likethe UN it once provided regular, long-term and global
forecasts, but it now releases forecasts primarily for country- and project-specific
anaysis.

The U.S. Census Bureau began publishing global forecasts with a 2050 horizon
by country in 1985 and does so periodically in its World Population Profile. In
generd, it seemslessregular in forecast rel ease than the UN.

International Institute of Applied Systems Analysis (IIASA). The coverage of
[1ASA’s population forecasting is global and variously through 2050 or 2100,
with afocus on 13 global regions. Their web site provides no forecasts made | ater
than 1996, but the project has reported results from forecasts produced in 2001.

Although the CIA does not routinely produce demographic forecasts, in 2001 it released
Long-Term Global Demographic Trends: Reshaping the Geopolitical Landscape. That
report draws on very wide expertise, including the U.S. Census Bureau. It provides
forecasts that generally extend to 2020 or 2050.

Another key information resource for understanding popul ation data and forecasting is
the Population Reference Bureau. For instance, Brian O’Neill and Deborah Balk (2001)
produced an excellent review of approaches to forecasting population and comparative
analysis of those who produce them in the form of a Population Bulletin of the PRB.
Lamptey, Wigley, Carr, and Collymore (2002) provided a comprehensive review of
HIV/AIDS (without forecasts).



Although its does not provide global forecasts, the Population Matters program of RAND
does provide targeted demographic forecasts of importance.® See, for instance, Bloom,
Canning, and Sevilla, The Demographic Dividend (2003) and Cook, Demographic
Trends Alter the National Security Scene (2000).

2.2 Key Concepts/Variables

Total population is often the variable of central interest, although most forecasting
systems provide population by age-cohort (normally in 5-year categories) and by sex.
The UN uses cohorts up to 100 years of age. Most major projects can generate age-sex
profiles by country and acrosstime.* Population change is generally understood to be a
function of three factors:

1. Fertility rate isthe key fertility measure. It is most commonly presented in terms
of thetotal fertility rate (TFR) or the births per woman throughout the child-
bearing years, but sometimes by crude birth rates (CBR) or the births per 1000
popul ation.

2. Life expectancy isthe key mortality measure. It is supplemented by crude death
rates (CDR), the deaths per 1000 population. For forecasting, it is critical to have
mortality patterns by age cohort. Specific causes of “excess” mortality such as
HIV/AIDS can be important to forecasts.

3. Migration isthethird foundational concept and the most difficult to forecast.

Additional important concepts include levels and rates of urbanization and specific
representations of population age structure such as:

e Dependency ratios (portions of the population below or above working age
relative to the working population)

3See http://www.rand.org/labor/popmatters/; February 2, 2004.

* Some forecasters have relied not on full cohort-component methodology, but on simpler trend
extrapolation of population levels using various equation forms. For instance, Herwig Birg (1995)
undertook extensive forecasts of population through 2150, with varying equation forms (hyperbalic, S-
shaped or logistic, and linear) and representing fertility decline and variable speeds of decline (the key
unknowns). Birg believed the UN projections of an ultimate global population of 10.7 billion in 2150 to
be based on overly aggressive assumptions about global fertility decline (to 2.5in 2020-25 and 2.3 in 2025-
30). Hewas also less optimistic, however, about increases in life expectancy than is the World Bank
(which posits 82.3 years global average by 2100) or the UN (which sees life expectancy of 84.7 in 2150).
Carchetti, Meyer, and Ausubel (1996) used logistic curves to model fertility declines and do not assume
that they lead to replacement fertility rates. On the contrary, their analysis suggested that fertility in
developed countries will stay well below replacement levels, rather than move back up to replacement
level. They also argue that logistic curves suggest a much more predictable movement towards an
apparently biological limit on life expectancy of about 80 for men and 85 for women.




e Youth bulges (size of the young population relative to the total, such asthe
portion between 15-24).

2.3 Forecasts Through 2050

Population Levels. The 2002 Revision of the UN’s World Population Prospects
provides high, medium, and low forecasts. The medium variant forecast is for aglobal
population of 8.9 billionin 2050. High and low forecasts are 10.6 and 7.4 hillion,
respectively. The UN’s high forecast uses constant fertility rates and must be considered
atruly extreme and improbable value. Almost al of the variability across UN forecastsis
in the less devel oped countries, because the range for forecasts for more devel oped
countriesin 2050 is only from 1.1 to 1.4 billion.

To break down the UN forecast (2003, Table 1 in Chapter 1 on “World Population
Trends”), population of more developed regions in the median variant is expected to
grow from 1,194 million in 2000 to 1,220 million in 2050, while that for devel oping
regions grows from 4,877 million to 7,699 million. Numbers for specific geographic
regionsinclude 796 million to 1,803 million in Africa, 3,680 million to 5,222 millionin
Asia, and 520 million to 768 million in Latin America and the Caribbean.

In slight contrast with the UN, the US Census Bureau’s forecast in late 2003 for global
population in 2050 was 9.1 billion (http://www.census.gov/ipc/www/worldpop.html;
January 9, 2004).

The base case of IFs (below) provides avery slightly higher world population forecast for
2050 than the 2002 UN Population Revision, onethat isjust over 9 billion. Thisisironic,
because over the last 10 or more years, the I|Fs model has consistently produced forecasts
below those of the UN median variant. Over time, the UN forecasts have regularly been
reduced, because they earlier failed to anticipate the rate of decline of fertility around the
world. The median forecast for 2050 in 1994 was 9.8 billion, in 1996 it was 9.4 hillion,
and in 2000 it was 9.3 hillion. Other forecasters, including IFs and I11ASA, have more
accurately anticipated the declinesin fertility.

Wor Id Pogpuation

IFs Base Case

MilionFede

T T T T T T T T T T
2004 2009 2014 2019 2024 2029 2034 2039 2044 2049
Year


http://www.census.gov/ipc/www/worldpop.html

Population forecasts specific to country groupings from the |Fs base case are shown in
the table below. Inthat table, asin most of those throughout this report, the country
groupings of IFswill not be identical to those of the forecasts reported above. Because
country sets used by different forecasting sources vary widely, and are not always fully
identified, it isimpossible to tailor al of the IFstables for precise comparison. Most
often we attempt to compare the magnitudes and rates of growth in IFs with those of the
country sets provided by other sources.

x|
Continue  Refresh  @raph  Prink  3awe Percent  Filker  Display Run Horizon
WFPOP[O] POP[0D] POP[0D] POP[0D] POP[0D] POP[0D]
OECD non-OECD Alfrica & Mideas!| AsiakPacilic Latin America
Year Mil People Mil People Mil People Mil People Mil People Mil People

2000 6.119 1.134 4 826 870.9 3.356 501.9
2005 6.502 1172 5172 971.8 3.556 539.0
2010 6.878 1.202 5.518 1.079 3.751 573.3
2015 7.249 1.226 5.864 1.194 3.940 604.2
2020 7.605 1.245 6.201 1.314 4115 631.9
2025 7.930 1.259 6.513 1.435 4 266 656.2
2030 8.220 1.268 6.795 1.556 4,390 677.8
2035 8477 1.271 7.048 1.675 4,490 696.4
2040 8.705 1.270 7.278 1.790 4 575 711.3
2045 8.9m 1.264 7.481 1.898 4 644 722.2
2050 9,057 1,265 7.648 1.995 4 692

The differences in the | Fs base case and the UN forecast are primarily in Sub-Saharan
Africa, secondarily in the OECD countries, and to alesser extent in other regions around
theworld. Aswe shal see below, the IFs model is producing somewhat higher fertility
and lower AlDS-associated mortality in Sub-Saharan Africathan is the median forecast
by the UN. It isaso showing slightly higher fertility in OECD countries.

Population Distribution. There are key distributional changes coming for the global
population, both geographically and in terms of age structure. With respect to
distribution, the CIA (2001: 5) forecasts that Europe and Russia, the focal point of much
of twentieth-century history, will decline from 13% of global population to 7.5% by
2050. The IFs base case shows fundamentally the same pattern below.”

® The IFs variable in the table is POP (Europe) divided by WPOP times 100.
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Within demography much attention is appropriately focused on the aging of the world’s
population. The UN (2002: xxviii) forecasts that by 2050 the older people in the world
(defined as 60 or over) will reach 21% of the total (from 10% in 2000) and exceed the
number of young people for the first time. This segment of the population is growing at
2% annually, much faster than the larger population. Even in developing countries the
aged will make up 20% of the total (1/3 in developed countries). The CIA (2001:5),
looking at those over 65, forecasts the aged to reach 1.5 billion or 16% of global
population by 2050. Focusing on those over 65, the I Fs base case forecast isfor even
dlightly faster growth. Thisisamost certainly because IFs uses 2002 population revision
data, not available to the CIA in 2000-2001; recent global fertility rate forecasts, tend to
be lower than those in earlier datasets, leading to even faster growth in the share of aged.®

Wor ld Population Over 66 aard Urnder 15

. | Cad
Over 65(World/World*) Under 15(World/\World®)

T T T T T
2004 2009 2014 2019 2024 2029 2034 2039 2044 2049
Year

Another key number istheratio of older people (this time defined by the UN as those
over 65) relative to the number of those more often in their working years (15-64). The

® The IFs variable in the graph is POPGT65 (World) divided by WPOP times 100.



UN (2002:xxix) says this number will fall globally from 9in 2000 to 4 in 2050. TheIFs
base case forecast, below, is very similar.”

Wor Kng-Aged (15-65) Over Retir ement-Aged Popuation
Gobal Totals
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8.5
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6.0
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4.0

3.5+
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The CIA (2001:7) suggests that the same ratio for “industrialized nations” will fall from 4
to 1 by 2050. The graph below from IFslooks at OECD countries, including Mexico
and afew other newer industrialized countries that may not bein the CIA set. The
numbers on both ends are alittle higher than those of the CIA, but for afew countries
like Japan theratio is even lower than 2:1 by mid-century.

Wor Kkng-Aged (15-65) over Retirement-Aged Pgpuation

Cal
(OECD/OECD) (Japan/Japan)

I 1 1 J J ! I I
2004 2009 2014 2019 2024 2029 2034 2039 2044 2049
Year

Thereally striking change in thisratio in terms of speed, however, isin China. The graph
below from IFs shows a decline of it from 10 to about 2 by 2050 (already to 6-to-1 by
2020). The ramifications of such rapid change across all elements of society can hardly
be exaggerated.

" The IFs variable in the next three graphsis POP15TO65(World or OECD or Japan or China) divided by
POPGT65(World...).
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Across the world, the growing share of the aged will have a significant impact on the
pension bills of government. The CIA reports an OECD conclusion that the bill for
public pensionsin Europe will grow by more than 6 percent of GDP over the next three
decades (CIA 2001: 27). That isamost exactly the same growth increment shown in the
IFs base case, below.®
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Another population distribution concept of importance is the youth bulge. It iswidey
recognized that alarge portion of 15-29 year-old malesin a population is historically
associated with greater socio-political instability. One difficulty isthat there are multiple
ways of operationalizing the youth bulge. Sometimes that age group (or even some
variant of it such as 15-24) is compared with the age groups up through 54.° Other times
the comparison is made to all adults over 15, or to all adults over 30 (Cincotta, Engleman,
and Anastasion 2003; see especially Data Sources and Methodology, p. 89). Inthe
comparisons with 30-54 year-olds, the rule of thumb is that ratios above 1.2 (sometimes
1.29) are especially problematic; in the comparison with all adults, the rule of thumb is

8 The IFs variable in the graph below is GOVHHPENT(EU25) over GDP(EU25) times 100.
° The CIA population study (2001) defined the reference group in Figure 14 as 39-54 year-olds and on page
39 as 30-54 year-olds.

10



that ratios above 0.4 or 40% can lead to difficulties. In any case, dmost al observers
focus attention especially on countries in the Middle East and in Africa as having the
largest prevalence of youth bulges. The CIA (2001: 36) identified Sub-Saharan Africa as
the most problematic area though 2020, naming Botswana, Namibia, Zambia, and
Ethiopia as among countries that would still be above their warning threshold of 1.29in
2020.

IFsisnow using the 15-29/all adults (defined as 15 or older) version of the measure.
Using its filtering technique for identifying values near to or above 50% in 2020, the IFs
base case finds Angola, Burkina Faso, Congo, Eritrea, Malawi, Mali, Niger, Uganda,

Y emen, Zaire, and Zambiato be cases for attention. Of these, Mali, Niger, and Uganda
have and will have especially high ratios.*

Youh Bugesin Thr ee Courtrieswith Highest Ratios

[ Cal (=
(Mali) (Niger) (Uganda)

RAtio
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Fertility. Inthe 2002 Revision the UN (2003) has considerably reduced its median
forecasts of fertility. “For thefirst time, the United Nations Population Division projects
that future fertility rates in the majority of developing countries will likely fall below 2.1
children per woman ... at some point in the twenty-first century.” (Executive Summary,

p. V).

To be more specific on UN forecasts (2003),** the total fertility rate forecasts of the
medium variant in 2045-2050 are 2.02 globally, with 1.85 for more devel oped regions
and 2.04 for less developed regions. Therates are 2.4 for Africa, 1.91 for Asia, and 1.86
for Latin America and the Caribbean.

The IFs base case forecast is shown below. The primary differenceis Africa, where IFs
forecasts atotal fertility rate of nearly 2.7 in 2050, relative to the UN forecast of 2.4. The
major reason for the difference in IFsis quite probably the impact of the AIDS epidemic,
which, aswe shall see, leads to alower economic growth forecast for Africain IFsthanis
being produced by the World Bank. The linkage of economic growth to fertility rateis
strong. Another reason to anticipate a slowing of fertility declinesin Africaisthe

1 Thevariablein IFsis YTHBULGE (Mali, etc.).
1 Table 2 in Chapter 1 on “World Population Trends.”

11



mortality associated with AIDS itself; traditionally, popul ations have responded to
increased mortality with higher fertility.

x|
Continue  Refresh  Graph Prink Save Percent Filker  Display Run Horizan
TFR[D] TFR[D] TFR[D] TFR[D] TFR[D] TFR[D]
World OECD non-0ECD Africa AsziakPacific Latin America
Year Births Births Births Births Births Births
2000 27734 1.80 3.0384 5.0457 26120
2005 2.6750 1.719 2.9208 4 7734 25153
2010 2.5786 1.705 2.7926 4 5014 2.4107
2015 2.4818 1.689 2 6665 4. 2306 2.3051
2020 2337 1.682 2.5488 3.9837 2.2007
2025 2.3056 1.693 2.4351 3.7353 2.1025
2030 2.2225 1.708 2.3270 3.5082 2.0041
2035 2.1587 1.7 2.2443 3.2975 1.9415
2040 2.1098 1.734 2.1809 3.0875 1.9126
2045 2.0647 1.746 21232 2.8808 1.8896
2050 2.0199 1.758 2.0671 26816 1.8678

The fertility course of populations that have fallen below replacement fertility isfull of
uncertainty for forecasters, but the IFs base case arbitrarily posits that long-term fertility
rates for developed countries will move back up towards replacement rates (although
staying below them throughout the century), rather than staying at levels nearer to 1.5 as
in several OECD countries currently.

Mortality. The UN 2002 revision increased anticipated mortality from HIV/AIDS,
estimating 278 million total excess deaths by 2050. This estimate assumes that infection
prevalence will begin to decline globally after 2010. In spite of the ravages of AIDS, the
UN forecasts an increase in global life expectancy to 74 years by 2045-2050 (reaching 73
in developing countries and 82 in the most devel oped).

To be more specific on UN forecasts (2003),' the life expectancies of the medium
variant in 2045-2050 are 74.3 globally, with 81.6 for more developed regions and 73.1
for less developed regions. Therates are 64.9 for Africa, 76 for Asia, and 78.5 for Latin
America and the Caribbean.

The life expectancy forecasts from IFs are shown below and are quite similar to those of
the UN, but slightly higher in all cases. The mgjor differenceisthat, aswe shall see
below, the forecasts for deaths from HIV/AIDS in the | Fs base case are lower than those
of the UN.

12 Table 3 in Chapter 1 on “World Population Trends.”
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2000 66.44 76.71 64.21 52.51 66.90 70.40
2005 66.93 ¥7.16 64.77 51.65 67.94 70.95
2010 67.76 7o 65.67 52.59 68.99 72.06
2015 69.02 78.59 67.12 55.99 70.15 73.02
2020 70.43 79.18 68.69 59.85 71.33 74.08
2025 71.66 79.75 70.08 62.20 7258 75.34
2030 72.86 80.21 71.46 63.82 74.03 76.53
2035 73.80 80.67 7253 64.91 75.26 ¥7.49
2040 7472 81.13 73.57 65.68 76.57 78.33
2045 75.658 81.60 7454 66.35 77.82 79.14
2050 76.33 8212 75.39 66.99 78.84 79.98

HIV/AIDS. With respect to HIV/AIDS, key forecasting issues are obvioudly initial
infection rates and the growth in them. Perhaps even more important are estimates
concerning the peak years for various countries of infection prevalence and the infection
rates in those years. For most African countries, UN forecasting assumptions posit that
the year of peak HIV prevalenceis already past or will be early in the first decade of the
century.*® The UN identifies only afew African countries still moving towards peak
incidence: Angola (up to 6.1 percent in 2006, Equatorial Guinea (up to 4.4% in 2009),
Eritrea (up to 3.2% in 2007), Liberia (up to 7.2% in 2006), and Sierra Leone (up to 9.8%
in 2008).

Countries in other regions with prevalence peaks expected beyond 2005 are China (up to
1.1% in 2016), India (up to 1.9% in 2019), Myanmar (up to 2.9% in 2011), Dominican
Republic (up to 3% in 2010), Honduras (u to 3.4% in 2009), Trinidad and Tobago (up to
3.4% in 2009), Russia (up to 1.6% in 2009), and the United States (up to 0.6% in 2018').
After the peaks of prevalence, the UN projects decay of ratesto 1/3 of earlier levels over
periods of increasing length. This pattern resultsin considerably lower valuesin the year
2050: Botswana from 36.8% in 2002 to 20.9%, South Africafrom 21.7% in 2002 to
8.6%, Chinafrom 1.1% in 2016 to 0.6%, Indiafrom 1.9% in 2019 to 0.6%, Russiafrom
1.6% in 2009 to 0.5%, and the United States from 0.6% in 2018 to 0.2%.

Using amodel built on data about the past course of growth in infection rates and
assumptions like those above about the unfolding of the epidemic to and beyond its peak,
the UNAIDS group has concluded that during the first decade of the century, the excess
deaths because of AIDS, across the 53 most affected countries, will be about 46 million
and that the total will climb to 278 million by 2050 (UN Population Division 2003: pg.
viii in the Highlights).

3 This does not mean that the peak year of AIDS deaths has been reached, because those infected in years
with higher rates will continue to die for a considerable period of time.

14 This may be atypo, because U.S. rates in 2001 were 0.4%, compared to earlier UNAIDS data showing
0.8% in 1997 and 0.61% in 1999, suggesting strongly that the US has passed the peak.
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The UN concludes also that the total population in the seven Sub-Saharan African
countries with the greatest infection rates will be dramatically affected, with outright
reductions by 2050 for Botswana, Lesotho, South Africa, and Swaziland.

Forecasts for the unfolding of the HIV/AIDS epidemic from IFs are quite close to those
of the UN through about 2020, which is hardly surprising because IFsuses UN AIDS
data exclusively in the production of them, including the estimates of the UN concerning
peak years for infection rates and the levels of those peak rates. After 2020, however, the
forecasts for cumulative excess deaths in IFs begin to fall substantially behind those of
the UN, reaching about half the UN figure by 2050.

Cumuative Gldod Al DSDeat hs Fr anm2000
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What explains the divergence of IFs and UN forecasts after 2020? As shown below, itis
primarily a much more rapid drop in infection rates and associated death rates between
2020 and 2050. Although the IFs project frequently creates scenarios with infection rates
that decline as slowly as those of the UN or even more slowly, there is reason to argue
that, accepting the UN assumption that global infection rates are likely to peak around
2010, the movement back down the infection rate curve will be slower than was the
movement up (if only because infections persist until death), but that the tail on the
downward size of the bell curve will not be as dramatically longer as indicated by UN
assumptions of rates for 2050. Although it isasmall piece of corroborating evidence, it
isinteresting that the UN’s AIDS Epidemic Update 2003 revised downward slight the
total number of humans living with AIDS relative to the 2002 volume The volume
(UNAIDS 2003: 2) aso pretty clearly indicates a slowing in the global curve of total
infections. Asiscommonly said in forecasting, “atrend isatrend isatrend until it
bends.” The bending point of the HIV/AIDS trend is very hard to forecast, but some
weak signals have begun to appear.
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2000 1.229 38.8000 20.10 0 .80 .90
2005 1.359 35.7075 20.24 345 1.197 1.429
2010 1.35 321109 18.20 .52 1.451 1.001
2015 1.209 26.7311 15.15 .384 1.499 .928
2020 1.027 20.5744 11.66 367 1.40 797
2025 826 14,6231 8.287 .325 1.298 633
2030 618 9.5850 5.432 267 1.114 465
2035 AN 5.7864 3.279 202 885 315
2040 .28 32129 1.821 A4 .65 196
2045 169 1.6384 .929 .09 44 113
2050 .095 .F662 434 054 274 .06

The differences in forecasts of both fertility and mortality rates in Sub-Saharan Africa
lead, of course, to differencesin total population growth forecasts for the region asa
whole and for countries within it. For instance, as shown below, |Fs does not forecast
absolutely lower populations in 2050 even for the most heavily impacted countries. The
spread of anti-viral drug availability is also beginning to have an impact.

Popuation
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TTTTTITRTT I TTTTTTTTTITTTTTTT

Others have, however, become even more pessimistic about the HIV/AIDS epidemic than
the UN, which relies heavily on officia statistics from member states. Eberstadt (2002)
and Lamptey et al. (2002), both drawing in part on analysis from the National
Intelligence Council, provide estimates of current infection ratesin China, India, and
Russiathat are above those in UN data, quite substantially above for China and Russia.
Eberstadt, focusing on these three countries, suggests the possibility of cumulative AIDS
deaths from 2000-2025 in amild epidemic of 19 million, 21 million, and 3 million, in
China, India, and Russia, respectively. In an intermediate epidemic the numbers grow to
40, 56, and 9, respectively, and in a severe epidemic they are 58, 85, and 12 million.
Eberstadt proceeds also to estimate the impact that such numbers would have on
demographic structures and economic growth.
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Asindicated below, the total deaths from AIDS forecast by IFs for those three countries
are below the Eberstadt mild epidemic forecast for India, and considerably below for
Chinaand Russia. Thereason in this caseisthe use by IFs of UNAIDS figures for initial
infection rates. Thereis good reason to believe that these are, in fact, too low for China
and Russiaand the initial rates and corresponding course of the epidemic should almost
certainly be raised for these countries in the |Fs base case.

Curuative DeathsfromAIDS

e Cal |
(China) (India) (Russia)

Million Reople

Migration. Although migration across countries has no direct impact on global
population, UN forecasts are for continued high rates through mid-century, averaging
gains of 2 million per year for developed countries, 1.1 million of which will be in the
United States.

The forecasts of the |Fs base case use the UN rates of migration, so differ little from
them. The IFsforecast below is net migration; it is possible that the UN forecasts of 2
million are gross migration (substantial migration is obviously among OECD countries)
thereby explaining the discrepancies that do exist.*

> Thisisauseful topic of discussion between the I Fs project and the NIC. Changesto China, India, and
Russia could be made in the base case or in scenarios around it.
18 The variable within IFsis MIGRANTS(OECD or non-OECD).
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Urbanization. Urbanization rates are aso important demographic variables. At the
beginning of the twenty-first century, about 47 percent of the world’s population lived in
urban areas. It should be noted, however, that urbanization is not avariable that is easy
to measure consistently, and that assessments of the current level of urbanization vary.
The CIA (2001: 5) saysthat a majority of the world will be urban by 2015. The UN
forecast isfor 5 billion or 60 percent of global population to be urban by 2030 (UNDP
2003b: 5) and for 65 percent by 2050 (UNEP 2002: Synthesis). Percentagesin urban
areas will reach 82.6 in developed regions and 56.4 in devel oping regions by 2030."’
Among the other consequences of this urbanization growth will be the beginning of
actual reduction in rural population of developing countries between 2025 and 2030,
echoing a decline in developed regions since 1950.

Urbanization forecasts from IFs are quite similar, but are a bit higher. 1Fs uses across-
sectional relationship between current urbanization rates and GDP per capita (at PPP) to
provide targets for longer-term urbanization rates and that tends to pull up the values with
economic growth.

1 UNDP (2003b). There is somewhat more regional datain Table 3, page 8.
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For the purposes of considering consequences, however, it is not just or perhaps even
primarily the size of the urban population that is significant, but the rate of its growth.
Cincotta, Engleman, and Anastasion 2003: 54-55 divided countries into four categories of
stress based on urban growth rates. extreme stress (above 5%), high stress (4-5%),
medium stress (1-4%), and low stress (below 1%). The representation of urbanization in
IFsistoo crude to trust forecasts around urbanization rates or levels. Nonetheless, initial
data and the IFs formulation as it stands now suggest a number of problem countries for
much or most of the period to 2020, including Afghanistan, Bhutan, Burundi, Burkina
Faso, Burundi, Ethiopia, Gambia, Laos, Lesotho, Nepal, Niger, Papua New Guinea, and
Uganda.

2.4 Forecasts Through 2100

The UN forecasts through 2300 (produced for the first time in 2003) provide avery
useful basis for examining the IFs base case through 2100. In the median variant global
population risesto a peak of 9.2 billion in 2075 and declinesto 8.3 billion in 2175. India
will pass Chinato become the most popul ous country in the world by 2050.

Assumptions about life expectancy do, of course, have an impact on very long range
forecasts. The assumptionsin the UN median forecast are for continued but slowing
increases to 97 yearsin 2300 (108 years for Japanese females).

It is, however, fertility assumptions that most significantly shape long-term demographic
forecasts. The key long-term question is whether global fertility rates will level off
around the replacement rate of 2.1 (the median scenario assumption) or at values above
or below replacement. The UN high scenario for the very long term is V4 child above
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replacement (2.35) and the low scenario is ¥4 child below replacement (1.85). Already by
2100 these different assumptions for post 2050 rates give rise to arange of global
population from alow of 5.5 billion, through a medium variant of 9.1 billion, to a high of
14 billion. By 2300 the differences range from 2.3 billion through 9 billion to 36.4
billion.

The 2002 Revision and the study through 2300 brought the UN forecasts morein line
with those of I1ASA in 2001.*8 11ASA forecast that the world’s population could peak by
2070 at about 9 billion, declining to 8.4 billion in 2100.

Forecasts from the base case of I1Fs are now showing a global population of alittle less
than 9.1 billion in 2050 rather than the 8.9 billion of the UN, with afurther climb to
nearly 9.3 billion in 2068, before it turns down, with afall to below 9 billion by 2100. In
short, the forecasts through 2100 are similar to the median UN forecasts. The IFs
modelling of longer-term population suggests, however, something of an internal tension
between the UN forecasts of fertility drops through 2050 that would hold the global
population below 9 billion in that year and UN forecasts for the end of the century (in the
outlook to 2300) of 9.1 billion. The IFs model finds, more in line with the [IASA
anaysis, that if fertility drops of that magnitude occur in the first half of the century,
global totals at the end of century are likely to fall below 9 billion.

Woar Id Popdation

Milion Recple
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18 Asreported in Nature http://www.nature.com/nsu/010802/010802-10.html; January 9, 2050.
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3. Economy

3.1 Forecasters

Because of the great importance of near-term economic forecasts for markets and
governments, there are a great many forecasting services that provide them. See, for
instance, the back pages of The Economist for regular reports.

A few such services sometimes extend their forecasts to what they consider to be the
“long-term,” meaning 5-10 years. For instance, in 1999 Data Resources Inc (DRI) and
Wharton Econometric Forecasting Associates (WEFA) both produced forecasts for the
US through 2011.* Those two organizations merged in 2001 to become Global Insight.?
Also, Oxford Economic Forecasting (OEF) provides forecasts for up to 175 countries, as
well azglmodels for use of its clients; the time horizon generally extends as much as 10
years.

Similarly, Goldman Sachs provides forecasts as part of its research service. On occasion
such forecasts have extended much further, as when they produced areport on the BRICs
(Brazil, Russia, India, and China) through 2050.%

The OECD mostly provides short-term forecasts, such as its semi-annual series, the
OECD Economic Outlook. Those forecasts, for OECD and selected non-OECD countries
extend only two years. Y et the OECD also periodically provides forecasts with alonger
range. In 1979 it released Interfutures. Facing the Future. 1n 1991 it published a
collection of articlesin Long-Term Prospects for the World Economy with some horizons
through 2010 and 2015.* Sadly, but with importance as awarning to forecasters, the
seeming inability of the U.S. to shake off slow productivity and the great success of

Japan in racing ahead appeared for authors at that time to be patterns unlikely to change.
By the late 1990s, the OECD (1999d) had turned its attention to analyzing the “Long
Boom” in a collection of articleslooking to 2025 and other horizons.

The IMF also mostly provides short-term forecasts, as in its semi-annual World
Economic Outlook, extending about two years. The World Bank (2004) tends to take a
longer view, and it prepares forecasts annualy in its Global Economic Prospects series.
The 2003 and 2004 volumes both produced global and regional forecasts through 2015
and additionally included forecasts concerning poverty reduction. These will be
especially useful for our analysisin this chapter.

The U.S. Directorate of Intelligence mapped four scenarios in a report on The Global
Economy in the Long Term (2001). Those scenarios focus on a horizon to 2025:

9See http://api.ha.faa.gov/forecad0/econo3.pdf; January 8, 2004

2See http://www.globalinsight.com/; January 8, 2004.

“'See http://www.oef.com/; February 14, 2004.

#See hitp://www.gs.com/insight/research/reports/report6; February 14, 2004.
%gee hitp://www.oecd.org/dataoecd/26/29/17783031.pdf; January 16, 2004.
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e Global New Economy. Technological advance, institutional reform, and rapid
economic growth frame a positive future.

e Rivalry and Resentment Stifle Growth. Protectionist policies and resistance to
new technologies lead to very slow growth.

e Unipolar World. U.S. leads in technological innovation and growth.

e Industrial Convergence. Europe and Japan do better relative to the U.S., where
technological pace slackens.

In contrast to the relatively near-term focus of most analysts with interest in financial
markets, those interested in energy and the environment produce the truly longer-term
economic forecasts. For instance, in 1998 the International Institute for Applied Systems
Analysis (IIASA) produced a book with global economic forecasts through 2100 in
cooperation with the World Energy Council (WEC) on Global Energy Per spectives
(Nakic¢enovi¢, Griibler, and McDonald 1998). Building on IIASA and WEC foundations,
the Intergovernmental Panel on Climate Change (IPCC) has needed economic growth
forecasts as afoundation for its energy and environmental analyses and has extended
forecasts through 2100. These are available in the IPCC Third Report Emissions
Scenarios (2001).

3.2 Key Concepts/Variables

Gross Domestic Product or some variant (Gross National Product or the new Gross
National Income) isthe central concept. Most forecasts provide it based on some form of
trend extrapolation, often computing it based on assumptions about economic growth
rates. At the global level we can talk about Gross World Product (GWP). Most, but not
al economic forecasts, carefully distinguish between GDP at exchange rates (also called
market prices) and GDP at purchasing power parity

Less commonly than focus only on the aggregate size of the economy, GDP may be
forecast with an economic model using a production function involving inputs of labor
force size, capital stock, and a multifactor productivity (MFP) term, often with
differentiation among economic sectors. That is, of course, what IFs does, but in this
chapter we look primarily at GDP, except for some discussion at its end.

3.3 World Product Through 2015 and Up to 2050

The World Bank’s forecasts in Global Economic Prospects 2004 are built on an
argument that rapid expansion of global trade in the 1990s has set the stage for
accelerating growth rates in both devel oping and developed countries. They note (Figure
1.22 p. 31) an upward trend for developing country growth rates since 1981, in spite of
recessions and financial crises. Their 2006-2015 forecasts for annual growth ratesin
GDP per capitafor the world, high-income countries (mostly OECD), and developing

21



countries are 2.2%, 2.5%, and 3.4%, respectively.?* These are considerable increases
over their 2001-2005 forecasts of 1.0%, 1.4%, and 2.7%.%°

The per capita base case forecasts from IFs, shown below, are fairly similar. They tend,
however, to show dlightly slower growth rates for OECD countries and slightly higher for
non-OECD countries. Understanding the reasons would require areview of the
demographic forecasts of the Bank,?® and most importantly, of the assumptions of the
Bank and of IFswith respect to multi-factor productivity growth. The final section of
this chapter will return to these issues.
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For the purpose of context, the figure below shows economic growth ratesin IFs through
mid-century. One element of importance in the longer term will be the loss for the
developing countries of their current demographic dividends. Not only will their
population growth be slowing, but their age distributions will become more like those of
OECD countries. Such demographic changes in non-OECD countries will, of course,
happen quite rapidly, just as the drops in their fertility rates have been much faster than
were those in the demographic transitions of currently developed countries.

2t may seem impossible to have lower growth ratesin global GDP per capita than in either more or less
developed countries, and it would seem that the world average needs to fall between rates in the high-
income and developing groupings. Y et the weighting of GDP per capita by population in producing
aggregate levels can sometimes produce that outcome. In fact, |Fs also shows lower world growth rates
than those in either developed or developing countries for much of the period between 2006 and 2015.

% Table 1.5, p. 43 has detail for global regions. For some further context, the global growth assumption of
the U.S. Department of Energy in its own forecasting report for 2003 was 3.1% between 2000 and 2025.
The European Commission used the same 3.1% rate in forecasts of energy futures between 2000 and 2030.
On aper capitabasis, these are similar to the ratesin the | Fs base case.

% |t is possible that the World Bank does not use a full demographic model for developing countries; the
use by IFs of such a model does add a “demographic dividend” to their growth.
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Extending the presentation of the IFs base case one step further, the graph below shows
the forecast of growth rates at purchasing power parity, instead of at exchange rates.
GDPs at purchasing power parity for non-OECD countries as awhole are about three
times the level of GDPs at market prices (or exchange rates); the ratio of the two GDP
measures for OECD countries (including now Mexico, South Korea and afew other
newly “developed” economies) is about 1.6 to 1. Therefore as convergence of
developing countries towards the GDP levels of developed countries occurs, the growth
rates at purchasing power for some of the OECD countries and essentially all of the non-
OECD countries will be somewhat slower than those at market rates.
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The World Bank provides breakdowns by regions and sub-groupings for per capita
growth from 2006 through 2015. For the developed countries these are 2.4% for the
OECD, 2.5% for the US, 1.9% for Japan, and 2.3% for the EU. The graph below shows
the rates in the base case of IFs (using the current EU of the 15). Although the per capita
growth rates of the US, Japan, and EU for the next few years are similar to those of the
World Bank forecasts, and thereby extend differentials of the late 1990s, over time the
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growth patterns in the IFs base case change because of the dynamic underlying model
(representing, for instance, some of the financia difficulties that the US may face and
some of the potential for restructuring and catch-up of Japan).
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For the developing regions outside of Asiathe World Bank forecasts of growth rates are
5.4% for East Asia and the Pacific, 3.3% for developing Europe and Central Asia, 2.5%
for Latin America and the Caribbean, and 4.1% for South Asia. The figure below shows
the IFs base case. China, to be discussed separately later, dominates forecasts for
developing East Asiawithin IFs. Possibly for that reason, |Fs forecasts are higher than
the numbers of the Bank. Latin Americadoesfairly well in the IFs base case,
comparable to the numbers of the Bank. The IFs base case forecasts for Central and
Eastern Europe run just alittle lower than those of the Bank, and possibly reflect too
much of the experience of the 1990s and too little that of the remarkable recovery some
of those economies have begun to exhibit. Forecasts for South Asia are dominated by
India, but are alittle lower than those of the Bank.
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For Africaand the Middle East the World Bank per capita forecasts are 2.5% for the
Middle East and North Africaand 1.6% for Sub-Saharan Africa. The graph below shows
the forecasts of the IFs base case. Forecasts for the Middle East and North Africa start
running higher than those of the Bank, probably because the energy submodel of IFs, to
be discussed in the next chapter, begins providing higher export revenues. Forecasts for
Sub-Saharan Africa are lower than those of the Bank until early in the next decade. In
the face of the A1Ds epidemic and other difficulties, it is difficult for the IFs base caseto
be as optimistic about the near-term prospects for Sub-Saharan Africa asis the Bank.
Extending the horizon towards 2020, the prospects appear considerably brighter.

Gronmthin GDP par Capita(at Exchange Rates)

[ cal
(NAfr-MidEast)%6 (Afr-SubSahar)%
5.5
5.0-E
as5FE
4.0
§ 35F
3.0E
fosk
E Ju— a
2.0
= e LI
1.5-F P
E a
1.0-E e
E e
0.5-F J— —
0.0—§ -~ A
E_1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2004 2010 2012 2014 2016 2018 2020
2007 11 13 2015 2017 2019

3.4 World Product Through 2050 and 2100

Looking still longer term for economic forecasts, we need to turn primarily to those who
make energy forecasts and who must necessarily start with economic growth to do so.

[IASA/WEC produced three long-term scenarios of GWP (Nakic¢enovi¢, Griibler, and
McDonald 1998: 6). The forecasts for 2050 range from 75 to 100 trillion 1990 dollars
(relativeto 20 trillion in 1990), implying annual growth rates of 2.2% and 2.7%,
respectively. In 2100 the forecasts range from 200 to 300 trillion 1990 dollars, implying
century-long growth rates of 2.1% and 2.5%, respectively. The forecasts over the
twenty-first century involve abit less than 10-15 fold increases.

The IPCC scenarios from the third assessment report, again in 1990 dollars, range for
2050 from 82 to 187 trillion (growth rates of 2.4% and 3.8%) and in 2100 from 235 to
550 trillion (growth rates of 2.3% and 3.05%). Century-long increases are 12-30 fold.*’
Just as the recent World Bank forecasts have become more optimistic, so have the more
recent |PCC forecasts; the experience of the late 1990s has begun to shape such analyses.

The century-long economic growth of the IFs base case takes the global economy to more
than 450 trillion 1995 dollars, as shown below. The average annual growth rateis 2.6%

% For comparison, the 2™ IPCC report forecast a 24-fold increase globally, with industrial countries
growing by afactor of 13 and developing countries growing by 69 times (IPCC, 1995, Volume 2: 590)
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and produces a 13-fold increase. It thus falls within the range of the above studies, but is
somewhat on the low side of the newest ones. In structuring the base case of IFs an
attempt has been made not to draw quite as heavily on the experience of the late 1990s as
some recent forecasts have, but to look at longer-term historic growth patterns.

Wor ld Product (Simaof GDPsat Mar ket Prices)

Tiillion (1000 Hilion) 1995 Dallars

Similarly, the Shell energy analysis (2001: 60) assumes growth rates of GDP at PPP of
3.2% between 2000-2025 and 2.4% from 2025-2050. As shown below, the |Fs base case
produces 2.5% at PPP between 2000 and 2050, 2.7% in the first half of the period and
2.3% in the second half.

Gromh Ratein Wor ld Product (at Pur chaesng Ponver Perity)
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To provide some historic context for these long-term forecasts, Angus Maddison (2001
126; see also Maddison 1995) estimates that the world economy grew at arate of 1.6%
from 1820-1950, an increase by afactor of 7.9 over 130 years. At arate of 3%, whichis
what the global economy achieved between 1973-98, a century would produce a 19-fold
increase, about the middle of the IPCC range. At arate of 4.9%, the rate of the “Golden
Age” for the world economy from 1950-73, the world economy would grow by afactor
of 120 in acentury. In genera, the growth rate of the world economy has quite steadily
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accelerated since the beginning of the industrial revolution. Y et the great surge from
1950-73 and the fall-off after that (even with an historically high rate of 3% in the last
quarter century) make forecasting in the 21% century uncertain.

Instead of the historical acceleration identified by Maddison throughout the 20™ century,
the IFs base case (bel ow) exhibits agradual de-acceleration in the current century, related
heavily to slowing population growth rates. Although the emergence of ICT-driven
productivity gains might argue for assumptions of continued growth acceleration going
through the century, it is also quite possible that a drop of global population growth rates
from a high of 2% in the middle of Maddison’s “Golden Age” to avalue below 0% in the
late 21% century will cause a very considerable de-acceleration of economic growth. As
will be discussed later, the graph below actually represents a pattern influenced by both
higher productivity and much slower population growth.
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The IFs base case produces afairly stable rate of growth for GDP per capita throughout
the century, and one that an earlier graph showed to be quite similar to the forecasts of
the World Bank for the next two decades. Thereisavery dlight upward trend in the rate,
related to productivity gains, even in the face of aging capital stock.
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3.5 Decomposing L ong-Range For ecasts by Country/Region

The IPCC scenarios came under intense criticism in late 2003 by Castles and
Henderson.?® The debate does not appear necessarily to be around the total values of the
global product. Even the 30-fold increase for the highest growth scenarios of 1|ASA
could be generated by a century of growth at the rate of 3.46%, well below the rate of the
Golden Age and only 0.5% higher than that of the 1973-98 period.

Instead the attack is heavily focused on the numbers provided for regions of the world.
In particular, in al of the scenariosin the IPCC set, the ratio between GDPs per capitain
the devel oped and devel oping worlds narrow from 16 to 1 in 1990 to between 1.5-3.0 to
1. That rapid narrowing appears open to challenge and IFs does not anticipate such a
substantial reduction. Instead, as indicated below, the IFs base case shows quite fast
reduction in the first half of the century, but slowing convergence thereafter as gains
become more difficult.”® Even at purchasing power parity the gap closes only from
nearly 8-to-1 to alittle less than 3-to-1.

%The attacks were reported in The Economist and elsewhere. See
http://www.lavoisier.com.auw/papers/articles/| PPCissues.html; January 8, 2003.

% The North-South gap in | Fs begins higher than in the IPCC, at more than 22-to-1, using an initial division
of countries into rich and poor with alevel of $5,000 in 2000. |Fs maintains the same countriesin each set
over time.
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Other attacks on the IPCC scenarios may be less meaningful. The IPCC provided
numbers for 4 regions and some analysts at the Centre for International Earth Science
Information Network have attempted to decompose those into specific countries (perhaps
by the dubious technique of applying regional growth rates from IPCC regionsto all
members of the region, which could produce patently ridiculous results for countries like
South K orea and South Africa, relatively rich members of their regions currently).*® The
IPCC cannot be responsible for such use of its regional numbers. And over acentury the
GDPs per capita of some developing countries, particularly at PPP, could narrow a great
deal of the gap with the US and other developed countries. South Koreais one of them,
with ahigh GDP per capitaaready (at PPP), but one that converges further towards that
of the U.S. in the IFs base case. In contrast, however, South Africa barely catches up
with the U.S. numbers at the beginning of the century and China may not even do that, in
spite of the high initial growth rates built into the IFs base case.
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% The attacks on the IPCC scenarios have also focused in part on the use of GDP at market prices versus
exchange rates. We do not fully explore that aspect of the debate here, but rather seek to be clear about
the two measurements of GDP within IFs.
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Even if the North-South gap does not close as rapidly as forecast by the IPCC, and even
if most developing countries remain far behind the developed countries, much economic
power will go South in this century. A study by Goldman Sachs of the BRICs (Brazil,
Russia, India, and China) through 2050 focused on four of the most populous developing
countries and four widely recognized to have among the best growth prospects. Goldman
Sachs used amodel that included demographic forecasts, capital accumulation, and
productivity growth.

Comparing the BRICS as a group to the G-6 (the current G-7 minus Canada), the study
suggested that the gross product of the BRICS will exceed that of the G-6 by 2040. In
growth rate terms, China’s growth rate in the Goldman-Sachs study falls from 8% to
about 5% in 2015 and continues aslow decline. India’s growth remainsin a’5-6% range
for the half century. Brazil and Russia achieve rates from 3-5% for most of the period.
In 2003 dollars, the per capita GDP of China (presumably at PPP asin the IFsfigure
above) reaches $31,357 in 2050, very nearly that of the U.S. in 2000. Brazil is not far
behind. The GDP per capita of Russia reaches nearly $50,000, above Germany in 2050
(thisis perhaps among the most questionable of the Goldman Sachs results).

The two graphs below show the U.S. forecast for the BRICs versus the artificial G-6. At
purchasing power, the Goldman Sachs forecast of overtaking by the BRICs may even be
alittle pessimistic.
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At exchange rates, however, the overtaking appears to be considerably further in the
future.
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Isthat kind of economic growth achievable by these and potentialy other developing
countries (the Goldman Sachs study also examines South Africa)? Japan, South Korea
and Taiwan managed to achieve annual rates averaging nearly 10% for nearly 30 years.
China has already had about two decades of 7% and higher rates, and a conclave of
economists at the 2003 China Economic Growth Forum concluded that high rates were
quite possible for another 20 years.®* At that meeting, Nobel laureate Lawrence Klein
suggested that some slowing of pace, perhaps to 6-7% was likely, consistent with the
Goldman Sachs study.

The figure below shows the economic growth rate of Chinain the IFs base case. It, too,
shows continuing rates around 7% for the early years, with steady erosion over the longer
run.
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Because of the importance of India, the figure below shows long-term growth rates in the
IFs base for it aswell. In contrast to China, and in part because its economic catch-up is

3 China Daily, http://www1.chinadaily.com.cn/en/doc/2003-11/10/content_280012.htm; January 9, 2004.
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less far dong, the higher growth rates it has been achieving in recent years persist in the
base case for the first half of the century.
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3.6 Decomposing Forecasts by Driving Factors

Another approach to thinking about global, regional and country-specific economic
forecastsis similar to that of the Goldman Sachs study (and to the economic model
within IFs). That is, the growth prospects can be seen to be a result of three components:
labor force, capital availability, and multifactor productivity.

Thereislittle reason to think that total investment or gross capital formation will change
significantly relative to the size of the economies. Therefore, one could reasonably argue
that globa economic growth rate forecasts need to be especially careful about four
dlightly different components.

Thefirst is growth in the size of population which, as discussed earlier, might well reduce
growth of the labor force by 1-2% or more between 2000 and about 2070, even if
population age structures were stable.

Y et population age structures are not stable, and the second factor, also discussed above,
is changing structure within them. Some countries are now reaping a bonus (often called
the “demographic dividend”) as population growth rates decline and young age cohorts
shrink, while increasing the portion of the population in the labor force. Thefigure
below is the version from the IFs base case of afigurein Bloom, Canning, and Sevilla
(2003: 38). It showsthat Ireland is essentially at the end of its demographic dividend
period, which has run since the 1960s. East Asiawill seeits period of dividend end
before 2015, after asimilarly long period of growth in the ratio of those in the working
years. But Sub-Saharan Africa, even with the AIDS epidemic, islikely to experience a
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period of increasing dividend throughout the first half of the century. Thisis one of the
reasons for the relatively optimistic risein African growth rates shown earlier.

Ratio o Wor kng-Agedto Etire Popuation
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Asagenera rule, this aging of populations in more devel oped countries might be
expected to further reduce economic growth, on top of reductions linked to the growth
rate in population itself. That is, the growth rates of active populations will be even less
that the total growth rates. Thusif population growth rates in the European Union
decline from 0.15% to -0.54% by the middle of the century, that will in combination with
aging, roughly speaking, reduce economic growth in those countries by afull 1% or
more. Partly for that reason, the CIA (2001: 7) concluded that GDP growth during the
2025-50 period will drop in Europe to 0.5%, in Japan to 0.6%, and in the U.S. to 1.5%.
The base case of IFs, below, is somewhat more optimistic about European (and US)
growth rates, partly because of higher ratesin the earlier years, but the loss of about 1%
in growth rates is apparent.
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The third driving factor is the growth in multifactor productivity at the level of system
leadership (the U.S. and other technology producers). If the United Statesis viewed as
the global technological |eader, with other countries also contributing new technology but
adopting relatively more, then MFP in the U.S. is especially important. That contribution
could easily vary from about 0.5% to 2.0%. The Information Communications
Technology (ICT) revolution might make numbers closer to 1.5% reasonable, but hardly
certain for the first part of the century. According to Bauer, Jensen and Schwelitzer
(2001), MFP growth in the U.S. averaged 1.2% annually from 1948-99. Thiswas highly
variable, however, with 1.9% from 1948-73 (the “Golden Age” again) and only 0.3%
from 1979-90. Gains picked up again to 1.1% from 1995-99.

The fourth element is the rate at which technology followers (the predominant situation
in the BRICs and other developing countries) can adopt and use the technology. Thereis
reason to argue that globalization processes and the achievement by many developing
countries of basic economic and human capital levels has accelerated diffusion rates
relative to most of the twentieth century. The IFs base case buildsin relatively rapid
diffusion rates.

Analysis around such decomposition of growth drivers does not easily produce asingle
base case forecast, but it provides some basis for evaluating one. More research on
forecastsin this area and direct comparisons with the IFs base case would be useful.



4. Energy

4.1 Forecasters

Because energy is one of the world’s very largest businesses as well as constituting one

of the greatest areas of debate concerning likely and desirable futures in the 21% century,
it is not surprising that there are many sources of energy forecasts. A handful of regular
forecast ook out through the first 20-30 years of the century:

The International Energy Agency (IEA) prepares an annual publication with
forecasts through 2030 called the World Energy Outlook (in 2003 it was the
World Energy Investment Outlook, reinforcing the attention by the IEA to
analyzing the costs of energy supply forecasts). Most of the work of the IEA
tends to have a business-as-usual scenario format with afocus on the fossil-fuel
industry.

In 2003, however, the IEA produced areport with a considerably greater attention
to alternative paths involving greater renewable energy: Energy to 2050:
Scenarios for a Sustainable Future. In addition to reviewing awide range of
scenarios from other studies, this report developed three exploratory scenarios of
its own and one visionary scenario (2003: 61; 111):

e Clean but not sparkling. A world of slow technological change and high
environmental concern.

e Dynamic and careless. A world of fast technological change and low
environmental concern.

e Bright skies. A world of fast technological change and high
environmental concern.

e Sustainable development. A normative scenario that sets and explores
specific targets, including a 60% share of “zero carbon” energy sources
and accessto electricity for 95% of the world’s population by 2050, and
atmospheric carbon dioxide of no more than 550 parts per million by 2100

The OECD overlaps heavily with the IEA in membership and activities.
Nonetheless, the OECD periodically produces studies of its own, such asa
collection of articlesin Energy: The Next Fifty Years. (1999).

The European Commission has aso become involved in forecasting, having
produced World Energy, Technology and Climate Policy Outlook 2030. (2003).

In addition, the U.S. Department of Energy’s Office Energy Information

Administration produces an annual volume. See the International Energy
Outlook 2003, with forecasts through 2025.
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There are many country and region-specific groupings, including the Asia Pacific
Energy Research Centre in Japan, which has produced supply and demand
balance forecasts for al members of the APEC (2002) through 2020.

Other sources provide either resources for considering even longer-term forecasts or
undertake them:

The World Energy Council (WEC)* builds its forecasting capability on a strong
base of data and analysis concerning physical reserves and resources for fossil
fuels and evolving technology with respect to both renewable and non-renewable
energy forms. Not surprisingly its primary publications therefore review the
resource and technology bases, with attention to trends and government goals.
See, for example,

WEC, Energy for Tomorrow’s World (1993).
WEC, Survey of Energy Resources (2001a)
WEC, Energy Technologies for the 21% Century (2001b)

Periodically the WEC also undertakes forecasting with IIASA, asin itswork on
“Global Energy Scenarios to 2050 and Beyond.” That work has been tied to the
IPCC scenario development activities. Seein particular, Naki¢enovi¢, Griibler,
and McDonald (1998), Global Energy Perspectives.

In addition the WEC collaborated with the UN Development Program and the UN
Department of Economic and Social Affairs on the World Energy Assessment
(2000).

Beyond the IPPC efforts, among the best known of the scenario sets for mid-
century is that produced by Shell International (2001, updating work of 1995).
Shell provided two scenarios: ™

e DynamicsasUsual. A worldinwhich avariety of forcesincluding
concern about energy security push the energy system gradually towards
renewables, which have a 1/3 global share by 2050.

e The Spirit of the Coming Age. A world of more revolutionary change in
technologies, especially fuel cells, and in the embracing of
environmentally-friendly energy choices.

The United States Geological Survey aso periodicaly provides widely-used
resource estimates. For instance, in 2003 they released the “USGS World
Petroleum Assessment 2000.” The Oil and Gas Journal provides reserve figures

%2 See http://www.worldenergy.org/wec-geis/; January 11, 2004

% 1n 1995 Shell explored “Dematerialization,” which posited especially rapid increasesin efficiency of
energy use, and “Sustained Growth,” which explored maximum rates of growth in renewables leading to a
50% share by 2050, a scenario and number that have since received wide attention.
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each year near the end of the year; British Petroleum also provides reserve
estimates each year.

And there are a great variety of other sources, including periodic studies by the
Worldwatch Institute, specia reports by The Economist, and popular analyses like
that of Rifkin (2002) on The Hydrogen Economy.

4.2 Key Concepts/Variables

Demand and supply interact very closely in forecasting of energy — they should be
essentially identical, but they both have important individual dynamics aswell as
interacting and balancing through prices and trade.

On the demand side, GDP and population fundamentally driveit. Thekey issueisto a
considerable degree the relationship between economic growth and growth in energy
consumption. Historically, the two have often grown in near lock step, but in recent
decades they have become less closely connected in part because of structural changein
economies (in general services require less energy than manufactures) and in part because
of responsiveness to price changes via changes in technology and use patterns.

On the supply side, the key issue isto alarge degree the character of the supply pattern,
with the balance between fossil energy and renewable energy becoming increasingly
important. With respect to forecasting of supply contributions from fossil fuels, the
availability of reserves and ultimately recoverable resources are important uncertainties.
With respect to forecasting of supply contributions from all energy forms, and especialy
currently expensive renewable ones, the pattern of changes in technology and cost
structures are key uncertainties.

4.3 Aggregate Demand and Production

The key uncertainty with respect to aggregate energy demand is its relationship with
economic growth. Naki¢enovi¢, Griibler, and McDonald (1998: 6) suggest that the
historic pattern is for annual declines of 1% in the growth of energy demand relative to
GDP and use arange of 0.8% to 1.4% for forecasts. Shell (2001: 60) forecasts of growth
in primary energy demand in their two scenarios similarly fall below economic growth
(at PPP) by 0.7%-1.4% between 2000-2025 and 0.4%-1.2% from 2025-2050.

The IEA’s 2002 World Energy Outlook forecast that global primary energy demand
would grow at a 1.7% rate from 2000 through 2030. It is unclear what the assumptions
were about global economic growth, but given global economic growth averaging 3%
from 1973 through 1998, it appears that the IEA expects energy demand to grow by
approximately 1.3% less than the economy. They further expect 60% of demand growth
to bein developing countries, taking their share of global demand from 30% to 43% and
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reducing OECD share from 58% to 47%. The share of the transition economiesis
expected to fall dlightly to 10%.

The IEA further disaggregates demand growth by usage category, noting that transport
demand will grow most rapidly, at 2.1% per year, residential and commercia use at
1.7%, and industrial use at 1.5%. |Fs does not forecast usage by category.

The IEA’s Sustainable Development Scenario (in its Energy to 2050 report) assumes that
energy demand will grow by 1.5% annually less than GDP through 2050, with carbon
intensity falling by 2.5% each year (2003: 137). Thisis, of course, a greater decoupling
of economic and energy demand growth rates than most analyses anticipate.

The U.S. Department of Energy’s International Energy Outlook 2003 foresees global
demand growth between 2000 and 2020 of 1.9% in their reference case (down from 2.2%
in the 2002 study), 1.3% in the low case and 2.6% in the high case. These spreads
suggest awide range of uncertainty. The economic growth assumption of the IEA is
3.1% annually (with arate of 6.2% for China), so the decoupling of economic and energy
demand tends to be on the low end of other forecasts. An annual risein oil prices of
0.7% (to alevel of $26.57 in 2001 dollars) is aso tied to this forecast.

Although the range of forecasts cited above is significant, the reference, base-case, or
mid-range estimate tends to exhibit substantial consensus (or much mutual consideration)
among energy forecasters around 1% decoupling or slightly more. Still another example
is the European Commission’s 2003 study, which assumed 3.1% global economic growth
through 2030 and 1.8% energy demand growth, a difference of 1.3%.

The IFs base case is built on an assumption that energy demand will grow 1% slower
than GDP if prices are stable. But because energy prices rise in the base case (to be
discussed below), the gap between economic and energy demand growth rates somewhat
exceeds 1%. In short, IFsisvery closeto other forecastsin this area.
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4.4 Energy Supply by Type

The IEA’s 2002 World Energy Outlook forecasts that 1.7% growth in global energy
demand through 2030 will be met by 1.6% annua growth in oil supply, keeping oil’s
share of supply relatively constant. Natural gaswill grow in share, rising from 23% of
total energy to 28%. Coal supply will grow more slowly than total energy demand.
Nuclear power’s share of global energy will stay at 7% until 2010 then fall to 5% by
2030. Hydropower will keep its share. Supply of non-hydro renewables, especially wind
and biomass, will grow at 3.3% annually, but those rates will not appreciably increase
their contribution towards demand.

Similarly, the U.S. Department of Energy’s International Energy Outlook 2003 foresees
globa demand growth between 2000 and 2025 of 1.9% with oil demand/supply
increasing by 1.8% annually. The natural gas share of global energy will increase from
23% of the total to 28% (exactly the forecast of the IEA 2002), passing the coa share by
2005. Coal usewill rise by 1.5%, with ashare falling from 24% to 22%. The coal share
declines will be especially rapid in Western Europe and the Transition Economies, with
Chinaand India accounting for 75% of global increase in coa use. Nuclear power’s
share of electricity generation will fall from 19% to 12% globally. Hydropower and
other renewables will grow at 1.9%, implying a constant share.

Although the European Commission’s 2003 study has much in common with the IEA and
US DOE, including a presumed 1.8% increase in energy demand through 2030, there are
differences. The EC sees coal production growing at 2.3% and thereby increasing its
global share, with 4.5% growth in Africaand 3% in Asia. Otherwise similarities are
more common. World oil production is expected to rise by 65% by 2030 (an implicit
annual growth rate of nearly 1.7%) and gas production will double (a growth rate of
2.3%). The EC expects electricity from biomass, solar, wind, and small hydro to grow at
4% and wind and solar to grow at 11% (considerably above IEA or DOE forecasts), till
only increasing the non-hydro renewable share of total electricity to less than 3% of the
total.

The two graphs below show the contributions of various energy forms to satisfying total
global demand/supply in the IFs base case.®  Like the forecasts summarized above, IFs
shows a decreasing share for oil and an increasing share for natural gas, but the shift is
somewhat faster in IFs. The graph extends beyond the 2025-2030 forecast horizons
reviewed above and shows a declinein gas share aswell asfor oil, latein the period. The
| Fs base case indicates a slight drop in the coal share and then relative stability for a
couple of decades, before arebound, presumably using coal in cleaner waysthanis
currently the norm.

% The variablein IFsisworld energy production by type (WENP, Qil...) divided by world energy demand
(ENDEM).
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The second in this series of graphs shows the contribution of non-fossil energy formsto
total global demand, recognizing that some would classify nuclear asafossil form. Asin
the forecasts summarized earlier, both hydro and nuclear energy contributions decline
slowly. And asinthe EU forecasts, production of other renewables, including al other
forms such as wind, photovoltaic, and geothermal, grows at a quite rapid rate, which still
failsto boost its total contribution to global demand significantly by 2030. A
continuation of fairly rapid growth beyond that year, however, results in approximately
the 30% share of Shell’s “Dynamics as Usual” scenario by 2050.
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What are the total magnitudes of energy supply by type to which these shares give rise?
The graph below, athough cluttered, gives an integrated answer to that question. The IFs
base case currently suggests that both growing coal and other renewable energy supplies
could pass declining oil and natural gas production before 2050. It should be obvious
that the level of uncertainty in such aforecast is exceptionally great. Energy supply
forecasts have much less solid foundation than do demographic forecasts or even
aggregate economic ones. This chapter returns later to the “great debates” that frame
some of the key uncertainties.
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The U.S. Department of Energy’s International Energy Outlook 2003 presents three
scenarios for oil prices. In the reference case they rise by 0.7% annually through 2025.

In the low price case they fall to $19.04 by 2009 in 2001 dollars and then level out. In the
high price case they rise to $32.95 by 2015 and then level out.** The graph below shows
the trend of energy pricesin the base case of IFs. It shows an annual growth rate of
nearly 2% through mid-century.

Sometimes there appears to be a schizophreniain the energy forecasting literature. One
personality of the literature points to the rising pressure that China and other devel oping
countrieswill put on the global energy market and to the great complicationsinvolved in
making an energy transition to renewables as substantial as that described above.
Another personality forecasts little or no upward pressure on energy prices. One of the
larger unknowns within IFsis the pattern of long-term decrease in renewable energy
costs with technological advance. |1Fsnow uses a possibly conservative 1% annua rate
of decrease for the renewable category as awhole. Thisisan area of sufficient
importance to merit continued attention and review.

% |t has been a challenge to determine what the appropriate starting point for energy prices should be
within IFs, because oil prices obvioudly fluctuate by $5-10 per barrel quite often. Whenever anew valueis
put in, changesin real-world prices can make it look unreasonable in a very short time. The starting point
for pricesin I Fs should thus be treated more as an index level than an actual price. The variations over
time relative to the starting point are of considerably greater importance that the absolute level.
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Where will the oil come from? The graph below suggests that the OPEC shares of global
oil and gas production will steadily rise over the next several decades. Some extent of
rise seems amost certain and will also affect the price patterns discussed above as well as
the possibility of constraint-induced price shocks.
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4.6 The Great Debates

Wheresas the first portion of this chapter showed substantial apparent consensus in near-
term energy supply and demand forecasts across major organizations, the last section
began to indicate the great debate and uncertainty just below the surface, especialy for
forecasts beyond 2020. The two primary areas of uncertainty are around ultimate fossil
fuel resources and the possible rate of introduction of renewable energy (including the
rate of declinein the costs of producing renewables).

With respect to fossil resources, there is a substantial community that believes ultimate

global oil resources to be much lower than those used in the estimates by the
organizations that produce most forecasts. Rifkin (2002, Chapter 2) reviews some of the
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research/arguments, including those of Campbell and Laherrére (1998). Like those
anaysts, members of the Association for the Study of Peak Oil (ASPO) and the Qil
Depletion Anaysis Centre (ODAC) argue that global oil production islikely to peak
quite soon, possibly as early as 2010. They base their forecasts on analysis using
Hubbert’s Curve, the same technique that allowed M. King Hubbert in 1956 to correctly
forecast the peak of U.S. oil production about 1970. The argument of the pessimistsis
that the world has aready produced and consumed about half of all oil that will ever be
recovered. If they areright, the forecasts described above would be dramatically wrong
and the global price of oil could rise very sharply in the coming decade and more.

In sharp contrast to that argument, other analysts such as Morris Adelman or Hans-
Holger Rogner (2000) argue that oil resources are much greater and that, at least for the
21% century, pose no constraint on production and use of fossil fuels.

The U.S. Geologica Survey (USGS) is somewhere in the middle, but seen as abit on the
optimistic side (Charpentier 2003). In its “World Petroleum Assessment 2000,” the
USGS estimates that known oil and natural gas liquid reserves can be supplemented by
expected reserve expansion of 612 billion barrels and 42 BBOE, respectively, aswell as
by 649 billion barrels and 207 BBOE of undiscovered resources. Thetotal of 1510
BBOE augments about atrillion barrels of known reserves, for atotal of about 2.5 trillion
barrels of oil yet to be produced. Similarly, the USGS estimates that known natural gas
reserves of about 1 trillion barrels of oil equivalent can be augmented by 551 BBOE of
expected reserve growth in known fields and another 779 BBOE of new discoveries.
That is, ultimate gas resources are not much less than those of oil. On top of thisare
unconventional resources such astar sands. For instance, based on analysis by the U.S.
Geological Survey, the U.S. Department of Energy’s International Energy Outlook 2003
added tar sands to dramatically increase the oil resource assumptions for Canadato 1.7
trillion barrels of oil (255 billion recoverable with capital costs of $5-9 per barrel and
operating costs of $8-12 per barrel). Debate about the recoverability costs for
unconventional oil such as tar sands and oil shale adds much of the uncertainty in this
area.

The resource assessments of the USGS have increased with each world assessment since
1981. The IFs base case uses global resource volumes comparabl e to those of the USGS
(adjusting WEC numbers to reach them).* The figure below shows the kind of global
production pattern (Hubbert’s curve) that results from use of those estimates; the peak of
global production comes near 2030 with increasing reliance on OPEC up to and beyond
that time.

% |Fswill be switching to USGS numbers before long.
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The second issue of great debate isthe rate of introduction of renewables. Such
introduction could occur because of shortagesin fossil fuels (push factors), but might also
occur because of pressures for more environmentally-friendly energy. Reductionsin the
costs for renewabl e energy will be important to the pace of such transformation. As
many point out, the stone age did not end because of depletion of stones and the oil age
may not end with depletion of oil. Instead, better alternatives may become
technologically feasible and economically viable.

On this debate, renewabl e energy optimists such as Lester Brown, formerly of the
Worldwatch Institute and now leading the Earth Policy Institute, and Jeremy Rifkin posit
potential growth rates for renewables such as wind and photovoltaic that are much larger
than the numbers generally used, basing those rates on continued rapid declinesin costs.
Shell’s scenario group, known for producing scenarios that push limits, produced one
aready by 1995 that suggested renewables could meet 50% of global energy demand by
2050 (about the same as the most optimistic scenarios from the IPCC).

The 1999 costs of production of e ectricity with natural gas (4.2 cents per kilowatt-hour),
nuclear (4.0 cents), and coal (3.9 cents) are benchmarks for the renewable technologies to
approach or beat. In some analyses geothermal and wind power now have comparable
capital and operating costs in select environments. Concentrated solar power is perhaps
twice as expensive and photovoltaic power begins at 25 cents or considerably higher, but
with some forecasts of costs bringing it down near 10 cents by 2010. See UNDP (2000:
15-16) for one analysis.

Therefore the near-term potential for growth is primarily with wind and the WEC says
that global capacity has been doubling every 2-3 years, reaching 17.5 gigawatts in 2000
(over 2 gigawatts in Denmark, meeting 12% of electricity demand). Capacity per
machine has reached 1-3 megawatts. The U.S. Department of Energy’s Wind Powering
Initiative suggests targets for the U.S. of 80 gigawatts installed capacity in 2020, up from
2.251in 2000, a growth rate of nearly 20% annually. Evenif the target is met, however, it
would satisfy only 5% of U.S. electricity demand. A reasonable conclusion isthat the
share of new renewables will remain modest globally through 2020, with much more and
very uncertain potential by 2050.



5. Food and Agriculture

5.1 Forecasters

There are three primary sources of longer-term forecasts with respect to food and
agriculture:

1. The United Nations Food and Agriculture Organization (FAQO) isthe premier
data-gathering institution in this issue area and also provides regular anaysis and
forecasting. It tendsto build cautious optimism about global prospects on an
understanding of the very considerably progressin food supplies around the
world, excepting Africa, over several decades. In 2000 the FAO released World
Agriculture: Towards 2015/30, which is an update of World Agriculture: Toward
2010, released in 1995.

2. The International Food Policy Research Ingtitute (IFPRI). 1FPRI is affiliated
with the Consultative Group on International Agricultural Research (CGIAR) and
provides extensive food policy research. Its 2020 Vision Initiative focuses on
forecasts and alternative scenarios, drawing in part on its International Model for
Policy Analysis of Agricultural Commodities (IMPACT). It tendsto be alittle
less optimistic than the FAO, especially for Africa. Among important reports are:

e Pinstrup-Andersen, Pandya-Lorch, and Rosegrant 1999. World Food
Prospects: Critical Issue for the Twenty-First Century.

e Rosegrant, Paisner, Jeijer, and Witcover. 2001a. 2020 Global Food
Outlook: Trends, Alternatives, and Choices.

e Rosegrant, Paisner, Jeijer, and Witcover. 2001b. Global Food Projections
to 2020: Emerging Trends and Alter native Futures.

IFPRI has also begun making longer-term forecasts, including some to 2050. See
von Braun with others (2003), “Overview of the World Food Situation,” a brief
prepared for CGIAR in Nairobi.

3. The Worldwatch Institute. Worldwatch is at the far end of the
optimism/pessimism scale from the FAO. Building on environmental and
systems analysis perspectives, rather than trade-based and economic foundations,
its analyses of land and soil availability/fertility and of water and energy resources
have led it to produce since 1974 regul ar forecasts of increased environmental
degradation and lowered production capacity.®” See, in particular, the chapters on
food and agriculture in its annual State of the World series and assorted
Worldwatch Papers. One analysisthat raised a great deal of discussion was
Brown (1995), Who Will Feed China? Wake-Up Call for a Small Planet.

3"See www.worldwatch.org; January 10, 2004.
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The Organization for Economic Development and Cooperation (OECD) has aso
produced useful, but generally shorter-horizon reports. See, for example, OECD (1998b),
The Future of Food: Long-Term Prospects for the Agro-Food Sector.

5.2 Key Concepts/Variables

Human nutrition is perhaps the key concept in thisarea. The most common measure of
nutrition is calories available per capitaper day. The FAO estimates that an individual
needs between 1720 and 1960 kilocalories (kcal) for basal metabolism and light activity.
Within countries the distribution of caloriesis aways uneven, so a country average of
2200 kcal per day indicates very low levels of consumption and levels between 2600 and
2950 are needed to assure adequate nutrition for aimost all of a population. Children
require less than adults, so aging populations need somewhat more.

Related closdly to the availability of caloriesis the prevalence of malnutrition, generally
assessed for children in terms of weight or size relative to age-based averages. The
World Food Summit in 1996 set atarget of reducing the numbers of malnourished in the
world from 830-840 million in 1990-92 to 410 million in 2015.

Also on the consumption/nutrition side of agriculture and food, poverty and income
levels are essentia concepts. There has come to be quite wide-spread acceptance of the
proposition that malnutrition results primarily from poverty, not inability of the world to
produce sufficient food.

On the supply side, crop and meat production are critical concepts, as are the necessary
inputs for them: land and its yield rates, water, fertilizer, etc.

In addition, pricing and trade are key concepts/variables, helping equilibrate food demand
and supply across countries and across time. Countries have, of course, intervened
heavily in agricultural markets, within both the developed and devel oping worlds.

5.3 Calorie Availability and Malnutrition

The FAO 2015/30 report forecasts that daily calorie consumption globally will climb
from 2,803 at the end of the twentieth century to 2,940 in 2015 and 3,050 in 2030, with
levelsin developing countries rising from 2,681 to 2,850 and 2,980 in the forecast years,
(in the interim version of this report in 2000 the devel oping world forecast for 2030 was
3020 calories, suggesting some recent reduction in optimism).

The FAO further forecasts arise to about 2,600 kcal per day for Sub-Saharan Africain
2030. TheIFPRI (2001a) forecasts that calories in Sub-Saharan Africawill grow only to
2,442 per day by 2020, relative to about 2,200 in 1997.

Although the I Fs base case forecasts for caloric growth in the world as awhole and for
the developing world are very similar to those of the FAO, the forecast for Sub-Saharan
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Africais considerably lower, only about 2,420 in 2030 rather than 2,600. Thusthe IFs
base case suggests even slower caloric growth in the region than does IFPRI (to about
2,350 in the year 2020 versus IFPRI’s 2,442), which isin turn more pessimistic than the
FAO.

x|
Continue  Refresh  Graph Print Sawe Percent  Eilker  Display Run Horizon
CLPCIO] CLPCIO] CLPCIO] CLPCIO]
World OECD non-OECD Afr-SubSahar
Year Per Cap/Day Per Cap/Day Per Cap/Day Per Cap/Day
2000 2.803 3.392 2.668 2.241
2005 2.842 3.416 2.714 2.269
2010 2.8 3.437 2.762 2.287
2015 2.920 3.454 2.811 2.3
2020 2.963 3.475 2.861 2.350
2025 3.008 3.494 2.915 2.383
2030 3.054 3.509 2.970 2.424
2035 2.1 3.522 3.026 2.475
2040 3.148 3.534 3.082 2.528
2045 2.199 3.548 3.140 2.589
2050 3.250 3.562 3.200 2.656

Looking at historic datain Africa, it is difficult to be as optimistic asthe FAO. The
figure below shows actual calories available per day per capitain Sub-Saharan Africa
from 1961 through 2000, with the IFs base case forecast extending the series until mid-
century. That region had almost stable consumption patterns until 1991, at which point
it experienced a decade of considerable growth in calorie availability. Growth of
availability in the IFs base case falls somewhat short of the historic pattern in the 1990s,
but is highly optimistic relative to the longer term pattern. 1t must be remembered that
Africa has entered the 21% century with great challenges demographically and relatively
low expectations for economic growth. And again, the |Fs base case for long-term
forecasts tends to build on longer-term historic foundations, not just on the most recent
decade.
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Turning from calories to malnutrition, IFPRI (2001a) forecastsin their base case that the
number of globally malnourished children will decline from 166 million in 1997 to 132
million in 2020. In their optimistic and pessimistic scenarios the numbersin 2020 are 94
and 178 million, respectively. Inthe base case of IFs, theinitial numbers for globally
malnourished children differ from IFPRI. There are two widely-used measures, one
based on weight and the other on height, so IFs and IFPRI may use different measures.
To compare forecasts, we should look at percentage change. Whereas IFPRI expects a
20% reduction in numbers by 2020, the |Fs base case anticipates a 30% reduction. Sub-
Saharan Africaremains a problem even with a 30% global improvement.

In the IFPRI (2003) analysis to 2050 the authors sketch a scenario of “progressive policy
actions” that brings global per capitalevels above 3,500 per day and child malnutrition
numbers to about 40 million (about 16 million in Sub-Saharan Africa). But intwo
alternative “failure” scenarios, they see global child malnutrition numbers closer to 140
million with perhaps 45 million in Sub-Saharan Africa. The IFs base case global
numbers are closer to the optimistic scenario, but the Sub-Saharan Africa scenarios are
closer to the pessimistic ones.
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MALMCHIL[D] |MALMCHIL[0] |MALNCHIL[O]
World non-OECD Afr-SubSahar
Year Mil People Mil People Mil People

2000 219.0573 212.3347 67.03
2005 179.5687 1751313 68 58
2010 171.3038 167.3283 F2.05
2015 162.7605 159.1878 7432
2020 152.5419 149.3928 6.1
2025 139.2332 136.3260 76 .77
2030 1228375 120.1970 7454
2035 105.9824 103.5773 70.64
2040 89.5580 87.4260 65.75
2045 FlaAnz F1.6113 59.51
2050 604027 h8. 9189

This report will return to the issue of malnutrition when it looks at forecasts around the
Millennium Development Goals in the chapter on socio-political futures.

5.4 Production Patterns

Nutrition is ultimately a function of production, trade, and pricing patterns. We begin
with production. Cereal production is at the foundation of most forecasts.

The FAO foresees global cereal production growing from 1,889 million tonsin 1997-99
t0 2,387 in 2015 and 2,838 in 2030. For developing countries the numbers are 1,027 in
1997-99, 1,354 in 2015, and 1,652 in 2030. IFs does not separate cereal production from
broader crop production. Thus the figure below cannot be directly compared with the
FAO forecasts. *®

% Although the I Fs food/agricul ture submodel has some strengths, it is one of the least developed
submodelsin the overall system.
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It is more nearly possible to compare the IFs base case with such forecastsif we turn to
growth rates in production, rather than absolute numbers. FAO cereal production
forecasts for the world suggest annual growth of 1.4% from 1997-99 through 2015 and
1.2% thereafter (compared to 1.4% from 1979-1999 but only 1% from 1989 to 1999).
For developing countries the forecasted growth rate from 1997-99 to 2015 is 1.4% and
that thereafter is 1.3%, compared to 2.5% from 1979-1999.

IFPRI forecasts global cereal production to grow from 1997 to 2020 at arate of 1.26%,
slightly below their forecast of demand growth at 1.32%. IFPRI forecasts, like those of
the FAO, exceed the likely growth rate in global population (which had dropped to 1.2%
by 2003).

Itis, unfortunately, still not possible to do a direct comparison with IFs forecasts, because
crop production in IFs includes vegetables and oil crops, both of which are growing at a
considerably higher rate than cereals. What the table below does show is a pattern of
longer-term decline in growth rates similar to the forecasts of the FAO and IFPRI.
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AGP[D] AGP[D] AGP[D]
World OECD non-OECD
Crop Crop Crop
Year # Change # Change # Change

2000 1.892 1.325 2.162

2005 1.716 1.359 1.872

2010 1.891 1.468 2.088

2015 1.283 1.036 1.425

2020 1.042 1.048 1.105

2025 1.161 1.228 1.199

2030 924 A973 947

2035 643 743 611

2040 53 _862 409

2045 3o -bb 154

2050 -362 22 A |

Worldwatch has repeatedly pointed in publications to the fact that cereal production
increases in the 1990s fell below the rate of population increase, suggesting the passing
of aglobal peak in cereal production per capitaand a significant risk of nutritional
impact. The FAO 2015/30 report notes the phenomenon but attributesit to not very
clearly explained “exceptional and largely transient factors” (in the chapter on “Prospects
by Major Sector: Crop Production,” p. 1). At the same time, the FAO pointsto very
rapid growth in oil-crop production over the last two decades of the 20" century as one of
the primary contributors to improved calorie levels.

Global meat consumption has been rising, especially in the developing world. IFPRI
forecasts growth in global demand by 57% from 208 million tonsin 1997 to 326 million
in 2020 (IFPRI 2001b: 65). They foresee growth of demand in developing countries of
92% (an additional 102 million tons).

In the table below from the IFs base case, the growth in meat production globally from
2000 through 2020 is 63% and the growth in non-OECD countries is 85%, quite similar

to IFPRI forecasts.
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AGP[D] AGP[D] AGP[D]
World OECD non-OECD
Meat Meat Meat
Year Mil Met Tons Mil Met Tons Mil Met Tons

2000 2420 1011 137 .4

2005 2758 110.5 161.9

2010 318.2 121.2 193.7

2015 355.8 1295 223 4

2020 39356 136.7 2542

2025 4381 148.8 2871

2030 479.7 161.3 3164

2035 1756 1739 3421

2040 h50.7 187.0

2045 K723 197.3

2050 606.1 2177

The FAO forecasts that the use of grain for animal feed will grow globally at 1.9% from
1997-2015 (3.5% in devel oping countries) and 1.5% from 2015 to 2030 (2.5% in
developing countries). The table below from IFs suggests considerably more rapid
growth in feed demand and suggests that this area of the model requires review.
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FEDDEM[O] FEDDEM[O] FEDDEM[O]
World OECD non-0ECD
Year % Change % Change % Change

2000 3.046 1.325 6.744

2005 4 492 2.687 7.693

2010 3.485 1.496 6.158

2015 2.00 243 3.929

2020 2.334 70 3.827

2025 2.50 1.489 3.339

2030 1.672 928 i 2246
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5.5 Production Inputs

Land. IFPRI relies heavily on FAO land data and analysis. They foresee global
expansion of cereal cropland from 738 million hectaresin 1997 by 6% (46 million
hectares) through 2020, ailmost all in developing countries (IFPRI, 2001b: 77). Total
global cropland in 1997 was 1500 million hectares.

Most cereal and other agricultural production growth is dependent globally on increased
yields per hectare of land. In Sub-Saharan Africaand Latin America, however, IFPRI
(2001b: 61-62) foresees 27% and 15% growth in land for cereal production between 1997
and 2020 (only 9% in the developing world as awhole).

In the table from IFs global crop land expands by 9% through 2020, but contraction
begins in the third decade of the century (an issue to which the next chapter returns), so
that the expansion by 2050 is only atotal of 12%. Expansion through 2020 in Latin
Americais 13%, but that in Africais considerably below IFPRI forecasts.*

x
Continue  Refresh  Graph  Prink  Sawe Percent Filker Display Fun Horizon

LD[D] LD[D] LD[D] LD]D] LD]D]

World OECD non-OECD Afr-Sub% ahar Latin America

Crop Crop Crop Crop Crop

Year Mil Hectare Mil Hectare Mil Hectare Mil Hectare Mil Hectare

2000 1.509 449 6 926.7 156.3 1561
2005 1.541 455 3 945.8 160.1 162.0
2010 1.6584 4655 9727 162.3 168.0
2015 1.626 477 5 999.2 164.2 1731
2020 1.650 484 1 1.015 165.6 176.2
2025 1.670 4891 1.029 167.5 1795
2030 1.693 4941 1.046 171.0 183.3
2035 1.707 497 4 1.058 174 4 185.7
2040 1.712 4995 1.063 177.0 186.5
2045 1.708 5003 1.062 178.6 186.0
2050 1697 4932 1.056 w0 1843

What about the arguments of Worldwatch that land degradation, land use for urbanization
and roads, shortages of water, higher energy prices and/or other factors will undercut the
global production capability? The FAO explicitly decided not to consider land
degradation in making its forecasts, because it decided that quality was too difficult to
quantify and also because it sees some factors reducing degradation.

IFPRI foresees aloss of land to urbanization in developing countries of only 14 million
hectares through 2020. In the IFs base case the loss is about 40 million hectares (almost
certainly too high).

% The land use formulations of |Fs are not very sophisticated; this area of the model has not been one given
great attention. Users of the model should be wary.
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LD[0] LD[0] LD[0]
World OECD non-OECD
Urban Urban Urban
Year Mil Hectare Mil Hectare Mil Hectare

2000 259.6 1319 89.19

2005 27319 137.7 97.09

2010 2928 1451 107.5

2015 313.0 152.0 119.3

2020 33256 158.5 1311

2025 3521 164.7 1436

2030 371.8 170.5 156.6

2035 391.3 175.8 170.0

2040 411.0 180.3 1842

2045 430.5 1841 199.3

2050 448 6 1875

With respect to water, the FAO foresees expansion of irrigated land in developing
countries from 202 million hectares in 1997-99 to 242 million in 2030 (noting that the
pace of expansion in the 1990s was 0.3% per year). It estimates the maximum potential
at 402 hectares. IFPRI notes that irrigation accounts for 72% of water withdrawals and
90% in low-income devel oping countries (IFPRI 2001b: 80). Their baseline scenario
allows irrigated areas to grow to 248 million hectares in 2020.

| Fs does not represent irrigated land.

Most production growth is dependent on yield increases. The FAO calculates that 70%
of production increases by 2030 in devel oping countries will come from yield and the
portion is presumably higher in developed countries. They see wheat yieldsrising at
1.2% per year over the next 30 years, compared to 3.8% from 1961 through 1989 and 2%
from 1989 to 1999. Rice yield growth ratesfell from 2.3% to 1.1% over the historic
period. The FAO suggests that forecasted yield increases are possible even without
significant advances in biotechnology, but that those could provide useful boosts to
production.



The graph from IFs below global yield increases in this decade near to the forecasts of the
FAO, but shows gradual decline over a 30-year period and longer.
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Still another argument raised by Worldwatch and othersis that yields may be reaching
theoretical maximums (as, for instance, determined by photosynthetic capability. 1FPRI
(2001b: 79) reviews some estimates of biophysical potential that do not suggest that yield
is approaching limits, with some exceptions such as northern India, southern China, and
the North American plains.

The figure below from 1Fs shows a significant total increase in yields through mid-
century, but not one that would seem to bump against physical or technological limits.
One possible area of challenge to the pattern would be the closing of the gap between
yields in developing countries and those in developed countries. Tropical soils exist
primarily in the developing world and are considerably less productive. At the same
time, non-tropical soilsin the developing world are often cultivatable more intensively
than in the devel oped world. So the aggregate pattern may be reasonable.
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5.6 Tradeand Pricing Patterns

Worldwatch (1995) has expressed great concern that aricher China, turning to adiet
heavier in meat, even while cropland was shrinking from overuse, would need to import
massive amounts of grain. Specifically (1995: 98), the analysis produced a scenario of
steady growth towards 280 million metric tons of grain imports in 2030, placing great
strain and upward price pressure on global markets. With faster growth in India
beginning in the 1990s, the same concern has been raised for it.

In contrast, the FAO points out that China was an importer of grains for most years until
1991, but that even with rapid growth in consumption it exported grain for six of the
years between 1992 and 1999. Similarly, South Asiaimported 11% of its consumption in
the mid-1960s, but even after adoubling of per capita consumption by 1999 it was
importing only 2%. Notwithstanding this historic pattern, the FAO foresees OECD grain
exports rising to about 245 million metric tons by 2030, while grain imports of
developing countries climb steadily to about 275 million metric tons.*°

Once again, the representation of aggregate crops, rather than of cereal, makes difficult
the comparison of these forecast with the IFs base case. The figure below shows steady,
but not extraordinary growth in agricultural imports of non-OECD countries and of
exports by OECD countries (they are not equal, of course, because thereis also trade
within those two sets of countries).

Glaoda TradeinCrops

[ ] |
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Million Metric Tons

Turning specifically to China, the growth in food importsis substantial, especially after
2015, but not as dramatic even for total crops as the Worldwatch study suggested for

“0 The FAO (chapter on the “Prospects by Major Sector,” p. 7) also anticipates growth in exports from
developing countries of food commodities in which production is growing especialy rapidly (including
sugar and vegetable ails).
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cerealsalone. And, obviously, theimport of food by China has many drivers within IFs,

not least of which isthe increasing wealth and foreign exchange of the country as aresult
of exports of manufactures. That is, imports are not necessarily driven only by domestic

production constraints.
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In value terms, IFPRI foresees net cereal exports from the U.S. rising only from $10.1
billion to $13.3 billion between 1997 and 2020, with Chinese imports growing from $1.9
billion to $4.9 billion (IFPRI 2001b: 66). The graph of US exports below is gross value
of al food, including meat, so is not comparable to the IFPRI forecast.

USAg icutura BExports

Billion 1999 Dollars
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In addition to steadily increased calorie availability, one of the strongest arguments that
food has become more plentiful over time aimost everywhere in the world is the long-
term relative decrease in world food prices. Julian Simon made this argument repeatedly
and forecast that prices would continue to decline relative to the prices of other goods. In
contrast, Worldwatch has frequently argued that declines in food inventories and
constraints on production would lead to higher prices.

The IFPRI model (IMPACT) produces price forecasts. Through 2020 they see
alternative scenarios for wheat prices that vary from decreases of 29% to increases of
about 26%. Similarly, their scenarios for rice, other grain, and meat prices include both
rises and falls, although the meat prices are less variable across them (IFPRI 2001b: 104-
105).

In their 2003 study out to 2050 they produced a wide range of food prices across three
different scenarios. In the case of “progressive policy action” they forecast maize prices
to fall from about $105 per ton in 1997 to about $100 in 2030 below $90 in 2050. But in
the case of “Technology and Resource Management Failure,” the prices would rise to
nearly $170 aton in 2030 and fall little by 2050 (von Braun 2003: 2). Similarly, beef
prices could rise or fall about 10% or rise about 20% through 2030, depending on the
scenario.

The graph below shows food prices in IFs through 2050. The forecast shows avery, very
small increase in prices over the next two decades and a very small decrease thereafter.
The decrease accel erates alittle towards mid-century as the impact of an increasingly
stable world population, increasingly well fed with calories, brings growth in aggregate
food demand to low levels. The primary conclusion from the graph, however, hasto be
that the base case shows little change in food prices over along period of time.

WorldCropPrices
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6. Environment

6.1 Forecasters

The United Nations Environmental Programme (UNEP 2002) produces the Global
Environment Outlook, the single most comprehensive set of environmental forecasts with
aglobal scope. Responding to mandates growing from Agenda 21, the report first
appeared in 1997 and GEO-3 appeared in 2002.

More specialized environmental forecasting exercises exist at the country or regional
level and for specific environmental issue areas at the global level. Among the most
significant of those with aglobal scope are:

e Thework of the Intergovernmenta Panel on Climate Change (IPCC), sponsored
by the World Meteorological Organization (WMO) and UNEP. Established in
1988, the IPCC (2001) released Climate Change 2001 asitsthird large-scale
assessment report. Like the GEO project, IPCC relies on an extensive global
network of scientists for report compilation.

e Publications of the World Water Council. These include Making Water
Everybody ’s Business (the Vision Report 2000) and A Water Secure World:
Vision for Water, Life and the Environment (Commission Report 2000).

There has been considerable additional forecasting associated with multi-component,
largely environmental models, many of which have supported the IPCC efforts. Among
the best known are scenario analyses using (1) IMAGE (Integrated Model to Assess the
Greenhouse Effect), see, for example, Alcamo, Leemans, and Kreileman (1998) or (2)
TARGETS (Tool to Assess Regional and Global Environment and health Targets for
Sustainability), see Rotmans and de Vries (1997). See Janssen (1998) for a good review
of such integrated assessment models. These systems tend to be used as scenario analysis
tools rather than for the development of specific forecasts.

6.2 Key Concepts/Variables

Environmental forecasts can focus either on inputs to other systems (such as water,
timber, or fossil fuels) or on outputs from other systems (such as carbon emissions). In
thefirst case, the concern is usually depletion of a nonrenewable resource or overuse of a
renewable one. In the second case the concern is usually growing accumulations of the
output in air, water, or land systems. In either case, the environmental forecasts tend to
be driven heavily by the other systems, especially agricultural and energy systems, but
more fully aso by demographic and economic systems.
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6.3 Key Inputs

The World Water Council (Vision Report) begins forecasting analysis by noting that,
given population growth, the average annual renewable water resources available per
human will fall from 6,600 cubic metres to 4,800 cubic meters between 2000 and 2025.
A common indicator of water stressis availability of lessthan 1,700 cubic meters, with
severe stress at 1,000, and they forecast that 3 billion people will live in countries subject
to stress. Forecasts come from the WaterGAP mode!.

The Council providestwo aternative, generally extrapolative, and unattractive scenarios
for global water futures (expanding irrigation and stable irrigation) as well astheir own
vision scenario. That the two base scenarios both center on irrigation is due to the fact
that agriculture, especialy irrigated food production, accounted for withdrawals of 2,500
cubic kilometers of water in 1995 of aglobal total of 3,800 cubic kilometers. Industry
and municipalities took another 750 and 350 cubic kilometers, respectively.

Both of the two irrigation scenarios ook to the FAO and IFPRI for underlying analysis
(see the earlier chapter on agricultural/food forecasting). Expanding Irrigation
increases irrigated area by 30% between 1995 and 2025 and resultsin total withdrawals
of 5,200 cubic kilometers, of which 3,200 is for agriculture, 1,200 for industry, and 600
for municipalities. StablelIrrigation holds increased areato 5-10% and still resultsin
withdrawal growth to 4,300 cubic kilometersin 2025, of which 2,300 are used in
agriculture.

The stable scenario is, however, costly in terms of food availability. Hence the Council
provides aVision Scenario that uses water considerably more productively (amore
normative or “road map” and less extrapolative or exploratory scenario). That scenario
still increases food production by 40% between 1995 and 2025, but holds net increasein
irrigated areato 5-10% and water withdrawals to 4,200 cubic kilometers, of which 2,650
isfor agriculture, 800 for industry, and 500 for municipalities, and none of which comes
from groundwater.

The IFs base case forecasts water use globally that begins a bit lower than the World
Water Council numbers, just short of 3500 cubic kilometres (using data from the WRI
Earth Trends). The growth pattern falls generally between the two exploratory scenarios
of the Council, and above its more normative one.**

*! The formulation for water forecasting in IFsis directly tied to agricultural production and isavery
simpleone. Itisincludedin IFsfor illustration, not because of its analytic power. Thevariableis
WATUSE.
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Beyond water and energy, forecasts of other inputs are more difficult to find, in part
because those two inputs are so critical, and in part because of high levels of uncertainty
among those who study others. For example, with respect to forests, the FAO produces a
volume on The State of the World’s Forests every two years (2003). Their 2001 study
estimated that global rates of loss in the 1990s were 0.22% per year, the difference
between gross loss of 0.38% and reversionsto forest (2003: Part 1: page 2). Rates of
lossin Africawere 0.8%. Probably building on FAO analysis, the GEO-3 report
estimates that deforestation in tropical forests was about 1% annually (GEO3 Synthesis:
2) and that 21.4% of world land remained in forests at the turn of century.

The FAO thus has a basis for forecasting in its regular analyses, at least viasimple
extrapolation. For instance, it concluded in the 2003 report that the rate of net
deforestation had declined to 9 million hectares annually, about 20% |lower than the rate
reported in 1995.** Forest areain Europe and North Americaisincreasing. The FAO
sees the future of net deforestation directly linked to the expansion or contraction of
agricultural land, with the former now occurring in more locations than the | atter.
Although the FAO presumably has made longer term forecasts of forest |oss, they must
be somewhat rare because this research has not identified them

We can turn again, however, to work of the IPCC, which draws upon FAO data, and
which says about its scenarios:

In most scenarios, global forest area continues to decrease for some decades,
primarily because of increasing population and income growth. This current trend
iseventually reversed in most scenarios with the greatest eventual increase in
forest area by 2100 in the B1 and B2 scenario families, as compared to 1990.
(IPCC Special Emissions Report: Emissions Scenarios Summary For Policy
Makers, p. 6)

“2 Reported at http://www.afrol.com/Categories/Environment/env055 _fao_deforestation.htm; January 29,
2004).
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Somewhat surprisingly, in most of the IPCC marker scenarios, net global deforestation
ends and net reforestation beings before 2040. 1n the B1 IMAGE scenario, forest area
begins at 4,277 million hectaresin 1990, declines to 4,179 million hectaresin 2010,
begins climbing by 2020 and ends the century at 5,543 million hectares.*®

As noted earlier, the IFs land-use submodel isnot at all sophisticated. Yet it produces
roughly the same rate of global deforestation that the FAO finds early in the 21% century,
with a definite slowing of 1oss beginning before 2020.
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In the longer-term, the base case and other forecasts with I1Fs suggest that global
deforestation may begin to be reversed by 2040, with substantial global reversal by the
end of the century, ending somewhat in the middle of the IPCC forecasts. It ispossible
that the century could end with as much forest, or more, than that with which it began.
Such forecasts are, of course, asthe FAO argues, intimately tied to those of land use in
agriculture. As crude as they may be within IFs, they are least provide afoundation for a
base-case analysis of the contribution of forests to the carbon cycle, an issue to be taken
up below.

* The land use forecasts for all scenarios are at http://sres.ciesin.org/final_data.html; February 12, 2004.

62



Foregt Area Glaoaly and in Non-OECD Courtries

[ Cal
(World, Forest) (NoN-OECD, Forest)
4500 //
MM o
§ asoof
b3 C
30001
2500-F A.M‘/‘A
20001 1 1 1 1 1 1 1 1 1 1 1
1 ) 1 )
2008 2017 2026 2035 2044 2053 2062 2071 2080 2089 2098
Year

Before turning to environmental outputs, especially carbon dioxide, it is useful to
comment on species |oss, like land not strictly an issue of input or output, but an
environment impact area as aresult of both exploitation and collateral damage. Because
only asmall share of total estimated species have been identified, species |oss estimates
tend to focus on larger and more visible ones such as mammals, birds, and fish. We will
not review the estimates of numbers at risk in this century because I Fs does not forecast
species numbers.

| Fs does, however, use exogenously specified assumptions about the availability of wild
globa marine catch and has turned to some of the literature for the grounding of those
assumptions. Estimates of the number of fisheries that are being exploited unsustainably
are fairly common, with global marine catch estimated to have stabilized in the 1990s at
around 90 million tons. Forecasts cannot easily be found. In IFs, the exogenous future
specification for marine fish catch is set at 90 million metric tons annually throughout
runs of the base case. Such a base case forecast/assumption is quite possibly too high,
however, given that most analyses of present patterns suggest that humans are using
stocks at unsustainable levels. In contrast, however, the forecast/assumption for global
aquaculture, which is a'so exogenousin IFs, is set at a constant 65 million metric tons.
Because that has been growing rapidly, the forecast must be too low and it, together with
wild marine catch, may be reasonable. Again with wild fish catch and aquaculture,
forecasts from other sources are difficult to attain.

6.4 Key Outputsand Their Impacts

The IPCC (Specia Report, Emissions Scenarios: Summary for Policymakers) provides
forecasts in 2020, 2050, and 2100 of carbon dioxide emissions, as well as those of sulfur
dioxide, methane and other greenhouse gases. Each forecast is given for multiple
scenarios in four families (A1, A2, A3, and A4), with demographic and economic
underpinnings that range widely across the families.

63



With respect to sulfur dioxide, globa emissionsin 1990 were 70.9 million tons. 1n 2050
forecasts range from 40 to 105 million tons, and in 2100 they range from 20 to 60.
Methane emissions in 1990 were 310 million tons and in 2100 forecasts range from 236
to 889. IFsforecasts neither of these.

Carbon emissions are, of course, the big greenhouse gas. 1n 1990 those emissions were 6
gigatons (billion tons) of carbon per year. The IPCC forecasts in 2020 range from 9 to
12.1 gigatons and those for 2050 range from 11.2 to 23.1 gigatons. By 2100 the forecast
range is huge because especially of the uncertainties around future energy systems; in the
IPCC scenarios they run from 4.3 to 30.3 gigatons. Cumulative carbon dioxide emissions
over the 1990-2100 period range from 983 to 2189 gigatons.

The IFs base case is shown below. It tends to track the middle of the IPCC forecasts
through 2020, but then begin to fall back towards the lower end of IPCC ranges. Key
reasons for this have already been discussed in the energy chapter of this report and
consist of acombination of increasing constraints on availability of some fossil fuels
(although not as aresult of particularly conservative estimates within IFs of resource
bases) and the increasing attractiveness of renewables. Note that the right-hand tail on
the curveisrather extended. The base caseis certainly not assuming exhaustion of fossil
fuels, particularly not for either coal or various non-traditional oil and gas sources.
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The IPPC Climate Change Synthesis Report: Summary for Policymakers draws some of
the consequences of carbon emissions from the supporting models of the IPCC. Whereas
the atmospheric concentration of carbon dioxide in the pre-industrial erawas 280 parts
per million (ppm), growing to 368 ppm in 2000, the forecasts for the year 2100 range
from 540 to 970 ppm (p. 8).

Given carbon emissions above, it is not surprising that the IFs base case produces a
pattern of growth in atmospheric carbon that is again near the middle of the IPCC
scenarios early on, but very much towards the low end of the IPCC scenario set in the
long term. In fact, the forecast begins to exhibit asmall decline before the end of the
century. In addition to the importance of declining fossil fuel usein explaining this, a
major part of the explanation liesin the reversal of deforestation, as discussed earlier in



the chapter. Instead of changes in forest patterns being net contributors to the atmosphere
of 1-2 gigatons of carbon annually, they become new removers of a somewhat larger
amount by the end of the century. To the degree that forest patterns are important in the
graph below, however, the atmospheric carbon pattern in the |Fs base case is somewhat
guestionable on two grounds. First, as noted earlier, future forest patterns are highly
uncertain. Second, it islikely that reforestation near the end of the century will still
emphasi ze temperate rather than tropical forests. |Fs does not distinguish between the
two in its computation of net carbon release or absorption, and presumably reforestation
of temperate forests cannot fully offset deforestation of equal amounts of tropical forests
with respect to net carbon flows. Thus the curve below isvery likely somewhat too low,
even if the underlying fossil fuel use and reforestation assumptions were correct. By
way of contragt, it isimportant to note that, even in the lowest IPCC emissions scenarios,
which bring carbon emissions down to 4.3 gigatons in 2100, the growth in atmospheric
concentrations only beginsto level by 2100, not to decline.
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The IPCC Third Assessment forecasts for increase in globally-averaged surface
temperatures range from 1.4 to 5.8 degrees centigrade from 1990 to 2100. Sealevel
increases range from 0.09 to .88 meters between 1990 and 2100 (p. 9), but run much
higher as the models work out new equilibriafor global temperatures over centuries and
sealevels over several millennia. 1Fs has a representation of temperature increase that is
too simplistic to include the lag effects that the IPCC documents. Thus temperaturesin
the figure below level out too soon. And IFsincludes no representation of sealevels.
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6.5 TheBig Debates

Asindicated above, the key drivers of assumptions about carbon build up are land use
and fossi| fuel use (emissions from fossil fuel use are usually packaged with emissions
from cement production in most forecasts and discussions). Fossil fuel usein the long
term is heavily linked to ultimate resource base, but obviously a so influenced by the
price of alternative energy forms. Aswas discussed in the energy chapter, the IFs base
case begins with an assumption of about 2.5 trillion barrels of oil remaining in 2000, with
abit less natural gas, and 10 times as much coal. Given forecasts of their use, it isfairly
easy for any model to cal culate the carbon released by the use of these energy forms over
time. The spread of energy forecasts discussed earlier isfairly well understood.

The discussion above suggests, however, that perhaps even more complicated with
respect to forecasting of atmospheric carbon levelsisland use. IFs haslooked to the
representations of carbon cycles portrayed by the Woods Hole Research Center and by
John Grace.** Such representations show global net primary production and respiration
from vegetation as a current sink for 1.4 (Woods Hole and Schimel) or 2-3 (Grace)
gigatons per year, on top of the ocean sink, estimated at about 2 gigatons annually by
both Woods Hole/Schimel and Grace). Deforestation and other changes of land use are
estimated as net sources by Woods Hole/Schimel of 1.1 gigatons and 1-1.5 by Grace.
Although there is thus important variation in these representations, it may be less
important than the variations in the deforestation/reforestation scenarios. Those look to
be quite important.

“* Woods Hole, like many others, references Schimel, et al 1995, “CO2 and the Carbon Cycle,” in Climate
Change (1994) Cambridge UK: Cambridge University Press. See the Woods Hole Research Center web
site at www.whrc.org/science/carbon/content.htm. In ateaching presentation in Power Point called World
Forests and Global Change, John Grace presents avery similar portrayal of the global carbon cycle at
http://www.ierm.ed.ac.uk/ierm/teaching/slides.pdf.
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For the above reasons and many more, forecasts concerning environmental change are
recognized to be subject to awide range of uncertainty. Most forecasting groups
therefore rely heavily upon scenarios to present some of the alternatives. The IPCC has
even been criticized for providing such awide range of quantitative forecasts. The GEO
project hasrelied heavily on four scenariosin GEO3: Markets First, Policy First,
Security First, and Sustainability First. Even then, it haslooked out only from 2002 to
2032 and presented arelatively small selection of quantitative forecasts, preferring to
sketch the broad qualitative scenarios and use only selective quantitative support (around
water, carbon dioxide, global temperature change, percent of land built up by human
activities, soil degradation, and afew other of the usual suspects).

There has been atendency for some organizations to present primarily more negative
scenarios, in part as a conscious spur to policy action. Worldwatch Institute certainly has
done this over many years. Whether or not such scenarios have been unduly pessimistic
and alarmist, they have elicited a reaction from those who reject the scenarios and/or the
policy prescriptions. Julian Simon (The Ultimate Resource, Princeton: Princeton
University Press, 1981) isagood early example. Bjorn Lomborg, The Skeptical
Environmentalist: Measuring the Real Sate of the World, Cambridge: Cambridge
University Press 2001) follows in the tradition, opening his book with a quote from
Simon, and, in direct contrast to Worldwatch, emphasi zing the more optimistic scenarios
of the IPCC and largely dismissing the more pessimistic ones.

On the input side of the equation, Simon and others have noted that prices of key inputs,
including energy, have fallen in the long run relative to other prices and especially
relative to income levels. Simon boldly forecast a continuation of such declines with
respect to nearly al raw materiass, thereby arguing that human ingenuity and
technological advance will essentially make even non-renewabl e energy sources more
plentiful relative to demand. To date he has been mostly right.

On the output side, Simon pointed to increasing life expectancy as a key measure of
things improving in the aggregate. Simon, Lomborg and others point frequently to
progressin air and water quality in many parts of the world, often in the face of citable
forecasts to the contrary, as evidence that when a problem isidentified, humans can and
will act to fix it.

Probably the greatest and most important focal points of such optimist/pessimist debates
isthe build up of carbon dioxide and the global warming from greenhouse effect. Itis
hard to argue with at |east near-term continuation of increased atmospheric levels of
greenhouse gases, and Lomborg and most other optimists do not. The arguments instead
are normally that such build-ups are unlikely to persist (due to rapid change in energy
systems), are not as historically unusua as the IPCC claims, and, most commonly, that
the affects on temperature are really not known, are overestimated by the IPCC and
others, or are not significant with respect to the resources for coping of arich world.
Lomborg primarily takes the very last approach, arguing that costs calculated at $5
trillion (estimates from William Nordhaus are most often used) are not significant relative
to the economic growth benefit of $107 trillion from continued fossil fuel use (Lomborg
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2001: 317-318). The Lomborg challenge generated a heated exchange in Scientific
American on January 2, 2002.

Of important note, however, is the near absence of aternative forecasts by most of the
critics. Also of importance are the large number of scientists and the seriousness of the
work that have supported forecasting of the IPCC. Unless the critics do provide
alternative and, in turn, reviewable forecasts, we must most often look to work by the
IPCC and others as the best range of guesses we have about the future.
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7. Socio-Political Systems

7.1 Forecasters

Almost all socia scientists are potential forecasters, because they deal in theoretical
structures that provide bases for making clear if-then statements. Somewhat surprisingly,
however, relatively few social scientists build on that potential. Moreover, when they do
use their foundational theories to weave pictures of the future, and with rather narrowly-
focused exceptions like forecasters of election outcomes, those portraits are likely to be
genera statements of socia patterns and interactions, largely free of dates and details.
For instance, Marx and Engels provided a clear forecast of the transformation of
capitalism into socialism, but did not presume to provide atemporal map, in part because
they were helping to create one. In the contemporary era, Manuel Castells writesin the
same sweeping sociological fashion, but he closes hisimpressive trilogy with a short
chapter on “Making Sense of Our World” that gives us remarkably little to hang our hat
on with respect to the next 20-30 years.

It is presumably the complexity of human socio-political structures and processes that
primarily explains this phenomenon. Moreover, as with environmental forecasting, it is
impossible to lay out broader socio-political forecasts without also laying out a portrait of
the driving forces in technological change, demographic developments, economic growth
patterns, and, in fact, also the human-environment linkage.

Thusit may not be surprising, again in parallel to environmental forecasting, that most
socio-political forecasting with some degree of richness has been done by groups and
that, in light of large numbers of uncertainties, those groups have used multiple scenarios
to paint possible futures. Examplesinclude the Global Scenario Group, the Hart-Rudman
Commission and the National Intelligence Council.

Although it is important to examine such integrated forecasts, and the next chapter turns
to integrated scenarios, it is also useful to attempt somewhat sharper focus on the socio-
political elements of global futures— again in comparison with the base case of IFs. An
approach to doing so isto attempt identification of some of the key components of socio-
political systems and to ook at the literature on those components, especially those
pieces that provide some basis for thinking about future developments,

7.2 Key Concepts/Variables

The socio-political system that we want to forecast has at |east the following four key
elements:

1. Human values, beliefs, and behavioural orientations. Broadly speaking, these are

cultural foundations that change slowly, but that do change, especialy in
interaction with other cultures.
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2. Thelife conditions of individuals. Literacy rates and life expectancy illustrate
such conditions and are among the most important.

3. Socia and political structures, both informal and formal. The informal side
includes the extent and character of elements ranging from family structure to
civil society, while the formal side includes the governance structures and
character, including the level of democratization.

4. Social and political processes, both domestic and international. The extent and
character of conflict and cooperation are central here.

The above elements of the social fabric are highly interactive.* They may be difficult to
define and measure, and the theories with respect to their dynamics and interactions may
be highly contentious, but they provide some basis for thinking about socio-political
futures.

7.3 Valuesand Culture

Ronald Inglehart and the World Vaue Survey (WV S) have provided a very useful
typology with which to think about values and culture (Inglehart 1997). Undertaking
and then analyzing surveys from four waves and across more than 60 societies, that
project has identified two unrelated (orthogonal) dimensions of values that seem to
organize a large portion of human values around socio-political phenomena. Thefirstis
traditionalism/secul ar-rationalism and the second is survival/self-expression. Humans
seem to move across these val ues structures with economic and broader development,
moving first to modernism and then to a post-modern value structure. There has been
little explicit forecasting in the WV S project (although some involving IFs). Yet the
implications of the analysis are clear: if societies continue to develop economically, on
the average their value structures will become more secular-rational and more oriented
towards self-expression. At the same time, however, the WV S project recognizes that
changesin values are strongly path-dependent, with starting points rooted in cultura
traditions and history.

Also with respect to forecasts, there are important forward-linkages from value change.
For instance, secular-rationa orientations correlate with and seem to precede lower
fertility, while self-expression seems similarly to support movement towards democracy.

The graphs below show the IFs base case forecasts for global movement on the two
scales. Each scale runsfrom -2 to 2, and the forecasts both suggest more than a half point
(or half astandard deviation) of movement globally on each over the course of the

“*® The late Robert Pestel was the first to introduce me to the intriguing concept of “social fabric” and | have
been trying ever since to figure out how to conceptualize and operationalize that.

70



century, with a bit greater change on Survival/Self-Expression dimension.*® Again, this
recognizes the slowness of cultural and value change under most conditions.
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Although there is no alternative forecast with which to compareit, it is also interesting to
look below at the differences that currently characterize the OECD countries versus the
non-OECD countries and hold they might change over time.

“6 Because the index values are factor scores, it is likely that a country-weighted initial calculation would be
closer to zero than the -0.2 shown. 1Fs uses a population-weighted average across countries of the world
and adds estimates for non-surveyed countries, most of which are less devel oped.
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And, of course, some regions are much further apart than others with respect to value
orientations. With respect to the Traditional/Secular-Rational dimension, the gap
between Western Europe and Sub-Saharan Africais among the greatest, even larger than
that between Western Europe and North AfricalMiddle East.
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Thereisaso aliterature on the “Clash of Civilizations” that has looked at cultural
orientations across soci eties and argued that such belief systems have now become and
will for some time remain the major basis for global cleavages (Huntington 1993). The
WV S has, in fact, verified the existence of groupings of societies that correspond
generally to the groupings that Huntington and others have identified. Huntington’s view
of civilizational interaction differsin one important way, however, from the portrait of
the WVS. He seesthe possibility of coaliltion-like groupings of civilizations (for
instance, “the West versus the Rest” and “the Confucian-1slamic Connection”) that have
more to do with an overlay of power balancing than with the dimensions of values that
the WV S sees differentiating and gradually transforming the rough country groupings.
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Again, however, the civilization-based literature is short on forecasting relative to
elaboration of possibilities, lacking even a general statement as to whether such value
differences are likely to become more or less pronounced over the coming decades (IFs
suggests that they will become less pronounced over the long run).

The two maps below show base case forecasts for 2020 from I1Fs with respect to the two
WV S dimensions, in order to hint at the kind of regional groupings that could constitute
the civilizational regions of Huntington.

With respect to survival/self-expression, there is an obviously strong relationship with
likely levels of economic well-being. With respect to traditionalism/secul ar-rationalism,
however, the role of historic cultural and religious traditions begins to be even more
obvious.
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“"IFsistill using only a subset of the data from the fourth wave of the WV'S. And discussions have begun
with members of the WV S project around enhancements in the forecasting capability of 1Fs with respect to
global values. Ron Inglehart has suggested some general direction for enhancement of the forecasting
formulation. One productive avenue for exploration will be the relationship between openness to
globalization of societies and the rate of value change within them.
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There is aso remarkably little widely-accepted empirical analysis upon which to base
forecasting, either within the WV S project or elsewhere, about the important dynamics of
value structures across subpopul ations within societies. For instance, the prospects of
intensified cultural conflict or “culture wars” within societies as rapid devel opment
reshapes them is afairly common theme or hypothesis (e.g. Hunter 1991). Arnold
Toynbee suggested that such dynamics were critical to the possible toppling of
civilizations and their related cultures: when ruling minorities fail to deal creatively with
external challenges (varying as widely as other civilizations or environmental
degradation), amajority population can withdraw its support, leading to aloss of social
unity and either large-scale re-orientations of cultures or the collapse of their
civilizations.

Variables for forecasting of value differences and their consequences within states do not
exist within IFs. Nonetheless, it might be interesting to explore parts of the |Fs database
that come from WV S with respect to such questions. Below is afigure across the four
survey waves (early 1980s to early 2000s), showing the average level of trust within
selected countries (an arbitrary, low-al phabet set of the OECD countries). The question
provided two aternatives. most people can be trusted (coded 1) and you can’t be too
careful (coded 2). Putnam (1995) and Fukuyama (1999) have both argued that there has
since the 1960s been a breakdown in socia capital, measured especially for Fukuyama by
such interpersonal trust. Unfortunately, the WV S data do not go back far enough to
provide a baseline in the 1950s or 1960s before the posited disruption of social capital.
The WV S data do not, however, show any significant average change across the OECD
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societies during this period (Fukuyama suggested an ongoing deterioration across much
of it, with some possible rebuilding of socia capital emerging near the end of it).

Instead, what we see is the rather persistently low level of trust in Italy, consistent
especialy with studies by Banfield and Putnam of its South, an increase in trust over time
within Denmark and a deterioration of trust in an economically-booming and immigrant-
absorbing Ireland.
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The discussion of social and political structures will return later to the intra-societal
theme, but through the lens of state failure.

7.4 LifeConditionsand Human Development

Changein life conditions and levels of human development have been measured with
increasing carefulness and extensiveness in recent decades. Moreover, e ements of life
condition such as fertility rates, life expectancy, or literacy tend to change relatively
smoothly over time, making forecasts of them based simply on trends rather easy
compared to forecasts of values and beliefs.

In the IFs project we have even begun to attempt the forecasting of the key composite
measure of life condition, the Human Development Index (HDI) of the United Nations
Development Program (Hughes 2004). The figure below shows the historic values of the
HDI for four devel oping regions, extended by the base case forecast of IFs.
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In addition, there has been a growing movement, exemplified by the Millennium
Development Goals (MDG), to set goals for such indicators, most often with time
horizons in the 2015-2020 range. The goals could, but should not themselves be
considered forecasts. Many will not be met on schedule and afew may be met early. In
2000 the IMF, OECD, UN, and World Bank assessment of progress towards the goals
(see IMF 2000, A Better World for All) suggested areas in which the world is aready
falling short of the MDGs, and the UN Human Devel opment Reports (e.g. 2003) have
continued such analysis.

The first Millennium Development Goal isto eradicate extreme poverty and hunger. The
first target with respect to the goal is, between 1990 and 2015, to halve the proportion of
people who receive income of less than $1 per day (at PPP). That would reduce the
percentage from 30% to 15%. By 1999 alevel of 23% had aready been achieved,
suggesting by extrapolation that the goal would be met globally before 2015, in spite of
failuresin regions such as Latin America, Sub-Saharan Africa, and the transition societies
(UNDP 2003: 33). Likethe UNDP, the World Bank (2004) is optimistic about meeting
the poverty goal, estimating that the global percentage of those living on less than $1/day
will have fallen from 28.3% in 1990 to 12.5% in 2015, driven heavily by falls from
31.5% to 3% in Chinaand from 41.5% to 16.4% in South Asia (Chapter 1, Table 1.6,
page 46). The assessment in Global Economic Prospects 2004 was actually alittle more
optimistic than that in the 2003 volume.

The base case of IFsisless optimistic than the UNDP and the World Bank. In spite of
the fact that the percentage in poverty in 2000 shown in IFsis dlightly less than that of
UNDP figures,*® the goal is not quite attained by 2020, much less exceeded by 2015.

“8 Because | Fs uses the UNDP data for those in poverty, it is surprising that the 2000 figure is not identical
to that from the UNDP assessment.
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In general, IFs suggests that progress towards the goal of poverty reduction will become
steadily more difficult as the numbers decline. In particular, much of the contribution of
Chinais already behind us, and even as rather rapid growth rates in South Asiabegin to
work some magic, the speed of poverty reduction associated with the economic growth
patterns forecast in Chapter 3 is not enough to reach the goal.

The table below shows regional patterns as well as the global forecast.

IF. Table Display _ x|

Continue  Refresh  Graph Print Sawe Percent  Eilker  Display Run Horizon

INCOMELT1[0)/| INCOMELT1[0]/{INCOMELT1[D]/| INCOMELT 1[0}/
Wworld world China/China Aszia-SoCent/As | Afr-SubSahar/A

Year Mil People/Mil F| Hil People/Mil F| Mil People/Mil F| Mil People/Mil F

2000 2077 1850 3785 4265
2005 .1983 1538 3628 ~A190
2010 1858 A176 .3400 A123
2015 1735 .ng2g .3156 4057
2020 AB12 0502 2890 A014

Obviously, forecasts of the portion of humanity living on less than $1 per day are, like all
forecasts, dependent on the formulations used, as well as on the demographic and
economic drivers discussed earlier. Below is a scatterplot of countries for which there
are data on which to build such aformulation. The logarithmic curve fit to that data
suggests that as countries reach about $10,000 per capita at PPP, absolute poverty
essentially disappears. Thisformulation isimportant in generating the forecasts of IFs. It
should be noted, however, that an exponentia curve can be fit to the same data with
approximately the same R-squared, but which exhibits slower decline and has amuch
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longer tail of non-zero poverty. When it is substituted within IFs, the forecasts for
reduction are even less positive. Another factor, however, isthat IFs adds a distributional
term (based on Gini indices) to the average income term in the formulation. With rapid
economic growth, distribution often weakens somewhat, as it hasin China, further
complicating the reduction of poverty.
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Even with the more optimistic logarithmic formulation, it is important to understand that
great poverty would by no means disappear as a problem with the meeting of the
Millennium Goal, whether by 2015 or 2020. The figure below shows possible patterns
across the century. Although Sub-Saharan Africa begins to make more progress further
into the century, the world as awhole begins to show decreasing rates of progress against
residual poverty pockets.
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The second target associated with the first MDG is to reduce the proportion of people
who suffer from hunger, again by half between 1990 and 2015. In analysis of the global
food system and calorie availability, the FAO (2000) concluded that the earlier World
Food Summit target of reducing the numbers of globally malnourished by 50% before
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2015 will not be reached and may still not be accomplished in 2030. Instead, they
forecast 610 million malnourished in 2015 and 443 million in 2030. Similarly, the
UNDP (2003: 33) concluded that, without acceleration in progress, the goal of one-half
reduction proportionally will not be met before 2020.%

The IFs base case may even be very dlightly less optimistic than the FAO with respect to
reducing the numbers of people malnourished — it is difficult to be definitive, because the
FAO did not provide a specific forecast. However, the earlier chapter of this report on
food provided less sanguine forecasts of calorie availability than the FAO, especially for
Sub-Saharan Africa, and calories are the foundation of malnutrition forecasts. Thetable
below shows the reduction by 50% in numbers of globally malnourished to be achieved
by about 2040.

rabepmplay x
Continue  Refresh  Graph  Print  Save Percent  Filker
Display Fun Haorizon
Malnournizhed |MALNPOPP[O]
World World
Millions
Year Percent
2000 868.0524 14.1859
2005 F37.021 11.3352
2010 7203373 10,4735
2015 693.1114 9.5616
2020 662 5074 8.7119
2025 623.3300 7.8603
2030 b8 3319 6.9137
2035 H00.7402 59071
2040 425 0208 4. 8826
2045 354 0145 39774
2050 | 3037367 33536

Nonetheless, quite rapid progressis forecast towards the Millennium Devel opment Goal
of a50% proportional reduction. Likethe UNDP, IFs does not anticipate that the goal
will be met by 2015, but the table above agrees that it may well be met by about 2020.

The IFs base case (below) further suggests the possibility of essentially eliminating
malnutrition by the end of the century.

“ The fact that 22 countries lack data about mal nutrition (UNDP 2003: 35) and 100 have no trend data
significantly complicates out ability to assess progress and to make forecasts. The variable within IFsis
MALNPOPP.
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The second MDG is achievement of universal primary education. The third specific
target is associated with that goal, and it calls for both boys and girls to meet the target by
2015. The UNDP (2003: 33) concludes that without intensification of effort this goal

will not be met before 2050, with South-Asia, Arab States, and Sub-Saharan Africabeing
the most challenging regions.

Mohammod T. Irfan is developing an education module for IFs that, although it is still
very much awork in progress, has begun to produce forecasts for primary, secondary,
and tertiary education. At this point the forecasts for South Asia and the Arab States
appear considerably too optimistic, with climbs of both to universal primary education by
2035 (South Asian levels approximated 65% at the beginning of the century).
Nonetheless, early base case forecasts for Sub-Saharan Africa and the world as awhole,
shown below, suggest that the UNDP is right in concluding that 2015 is considerably too
optimistic for the goal of universality.*

* The IFs variable portrayed is EDPRISUR and represents the proportion of the school-aged population
reaching the 5" grade.
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The fourth MDG is to reduce child mortality, with the specific target being to reduce the
under-five mortality rate by two-thirds between 1990 and 2015. The UNDP (2003: 33)
again suggests that the world is NOT on track to meet this goal by 2015, but in the
absence of quite substantial intervention is more likely to do so between 2020 and 2050.
Although the demographic module of IFs tracks mortality by cohort and does internally
compute the rate for children under 5, that variable is not now externally available for
display. Most mortality under 5 is, however, infant mortality. The graph from the IFs
base case below shows infant mortality and suggests the same general conclusion reached
by the UNDP.

Gladd Infat Mortdity: |FsBase Case

:

2020 2030 2040 2050 2060
2005 2015 2025 2035 2045 2055 2065 2075 2085 2095
Year

There are atotal of eight MDGs with 12 targets. One of thoseisto combat HIV/AIDs,
malaria and other major diseases, with a specific sub-target of halting and reversing the
spread of HIV/AIDS by 2015. Aswas discussed in the chapter on demographic
forecasts, the UN AIDS forecasts now build in a peaking of the infection rate by about
that year and IFs, using UN AIDS assumptions, does the same. It was aso noted earlier,
however, that rates of infection growth in China, India, and Russia might well put those
assumptions at risk.
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|Fs does not currently include and forecast other variables identified in the Millennium
Development Goals. The possibility of aglobal compact, for instance, can be introduced
into IFs on a scenario basis, but the base case includes no such intensification of North-
South interaction to meet the MDGs.

7.5 Social and Political Structures

Turning to informal and formal socio-political structures, we again find that available
forecasts become much fuzzier. Consider something as seemingly simple as the role of
civil society in the United States. Putnam (1995) has decried the loss of social capital in
recent years. Fukuyama (1999) has similarly pointed to a Great Disruption in social
structures, not just in the U.S. but across the developed, Western societies. Both see,
however, the possibility, and in the case of Fukuyama the probability of ultimate
restructuring of social capital. Y et such forecasts may be both too non-specific and too
contentious to give us much purchase on the future. We looked earlier at domestic data
on trust, but IFsincludes no such variablein its forecasts.

More generally, IFs does not include variables representing social capital or civil society.
It would be especially desirable to have some representation of the strength of what is
loosely called civil society. Even data, however, much less formulations, are mostly
lacking. In addition to interpersonal trust, one possible cut into the question of trends for
civil society isto look at the number of NGOs, a variable on which data has begun to be
collected.®® The graph below is from the IFs database, and it is not aforecast. It does
show a growth in NGO numbers consistent with arguments that civil society is
strengthening around the world. Disconcertingly and improbably, however, it also
indicates that NGO numbers per million population are higher in Sub-Saharan Africa
than in the world asawhole. Forecasters beware.

*! The IFs data come from the Center for the Study of Global Governance, are published by the Union of
International Associations, and cometo IFs viathe WRI Earthtrends database.
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Like Fukuyama, Manuel Castells (2000, 2000, and 2004) and others have pointed to the
growth of networking, not just electronic but social, as akey informal socio-political
change with multifold consequences. Castells has spun out the story of the unfolding of
the information-based era and networking more fully than many, pointing to the growth
of “resistance” identities, their challenge to “legitimizing” identities, and the possible rise
of “project” identities. Asintriguing asthe broad story is, even Castells struggles with
the forecasting side of it.

|Fs offers one very narrow path into this arena, however, by providing a roughly-based
forecast of the numbers and proportions of people connected to the web. The numbers
globally in 2002 were already about 10% of the world’s population, an incredible growth
from essentially nothing 10 years earlier. The annual growth rates of users at the
beginning of the century were still about 20%. The graph below |ooks perhaps somewhat
optimistic, but reflect growth rate decline to 10% by 2010 and under 4% by 2020.
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Moving to formal institutions, one of the key socio-political trends is almost certainly the
global spread of democracy. Huntington has, however, argued that global
democratization has wave-like, rather than persistently progressive character of that
spread, and such wave character has become conventional wisdom. He concluded
(1991: 315) hisdiscussion of “Whither”” the most recent or third wave may take us with
the rather non-specific forecast that it “will not last forever” and that “it may be followed
by a new surge of authoritarianism constituting a third reverse wave.” The conventional
wisdom of the literature is nonetheless that, in spite of such possible and likely temporary
reversals, democratization will continue its global spread. Specific forecasts, however,
were not found for this review and may not exist.

| Fs produces forecasts that are associated with two different indices of democratization.
Thefirst index is the Freedom House measure of freedom, which uses two separate
scales, one for political rights and the other for civil liberties. Each scale runs from 7
(least free) through 1 (most free). Freedom House itself averages the scales into one
before assigning rough categories based on them: 1-2.5 for Free, 3-5.5 for Partly Free,
and 5.5-7 for Not Free. Like many other users of the index, the IFs project sums rather
than averages, thereby attaining an aggregate index running from 14 through 2 (most
free). Doubling the cut-off points for the Freedom House categories suggests that the
world is, using a popul ation-weighted average of country scores, already well into the
Partly Free category. A vaue of 5would indicate Free status and the | Fs base case
suggests below that a global level of “Free” could well be reached before the end of the
century.

FHeedomHous Indicator: IFsBase Case

Lower Val ues are More Democratic (Below 11 is Partly Free; Below 5 is Fee)

Again, there are not forecasts against which to readily compare the base case of IFs. One
way of assessing the IFsforecast isto extend the relatively short (Freedom House
numbers exist since 1972) historical series available with the IFsforecast. The figure
below does so, but the historic seriesistoo short to provide avery convincing base for
such along forecast.
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The Polity project provides an alternative set of indicators for democracy, including 10-

point scales of democracy and autocracy. Itiscommon to join those scalesinto asingle
21-point Polity or Polity Democracy scale by subtracting autocracy from democracy and
adding 10. The IFs project has devel oped a formulation for forecasting that aggregated

measure, as indicated below. Again the base case suggests the possibility of alargely

democratic world by the end of the century.
Pdity Pr g ect-Based Meaar e of Denrocr acy
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For the Polity measure, there is amuch longer historic base, in fact one that extends
nearly two centuries. That base is shown below. The three waves of democracy that
Huntington (1991) and others have identified appear evident and athough the pattern of
growth in the 19" century is obvious, that is not truein the 20™. This might lead one to
conclude that global growth in democracy largely ended as the 20™ began, to be replaced
by a pattern of surges and reversals.
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Such a conclusion would be unjustified. The last 200 years was a period in which the
empirically-assessed global system grew from the handful of European core states that
partially democratized in the 19™ century into the global system of today. The figure
below decomposes that historic world of growing size into today’s OECD members and
all other countries. What it seemsto show is that the democratization of the OECD
members, which was only a bit beyond the half-way or partially democratic level at the
beginning of the 20™ century went on to become essentially complete at the end of the
century, in spite of the reversals after World War | and through the Great Depression.
Therest of the world also appears to have made some substantial strides towards
democracy across both centuries. The number of statesin the rest of the world increased
dramatically over time, however, much more rapidly than the number in the
contemporary OECD set. The population-weighted average of the two sets (or nearly any
other form of average), makes the global figure above look asif democracy stalled in the
20™ century. The figure below shows that to have been far from the reality. Moreover,
the growth of democracy outside of the OECD appears to have accelerated in the last two
decades, afact that would be consistent with many devel oping countries moving toward
the $5,000-$7,000 per capita range in which democracy seems often to be consolidated.
On average, developing countries are beginning the 21% century with of level of
democracy very close to that with which OECD countries began the 20" century.
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The graph above, however, still presents a distorted image of democratization
historically. The problem isthat the country set in the above two graphs, and in almost
al of the research that shows historic waves of democratization, changes quite
dramatically over time. At the beginning of the 1800s, there were very few countriesin
the dataset, mostly European ones. With waves of decolonization and state formation,
the country set grew, bringing in developing countries, most of which were not very
demoacratic. The graph below conceptualizes the world in terms of “societies” rather than
“countries.” By converting nulls to zeros it assumes that colonized societies were non-
demoacratic, but still existed as societies in the world and deserve to be counted.

The resulting graph shows that the current OECD societies underwent arather steady
democratization process over the last 200 years, except for one substantial surge above
the trend-line (premature democratization in the war to make the world safe for
democracy?) and one major reversal following the surge. The non-OECD societies, often
as colonies historicaly, have been mostly non-democratic, but in the last century have
begun to demonstrate accel erated democratization.

What happens to the three waves of democratization in the figure below? Oneremains as
asurge and reversal, rather than the end of a century-long wave, asit is usualy portrayed.
The second reversal described by Huntington is shown to have really been an expansion
of the country set in the 1960s to add newly independent colonies. The addition of them
made the global total appear to have areversa that did not really occur, if the entire
world is the true subject of our study both historically and in the future.

It is especially interesting in the graph below that we can now fit trend lines to the two
sets of societies. The trends suggest that democratization growth may be quite related to
economic growth, which isarelationship that cross-sectional relationships persistently
show. The IFs project has found that a formulation involving GDP per capita (PPP) and
the WV S dimension of survival/self-expression provides very strong explanatory power
with historic data, aswell as avery useful basis for forecasting.
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What about the future for non-OECD countries generally, and particularly for China?
Going back to the more general measure of Polity (Democracy — Autocracy + 10), the
figure below provides the IFs base case forecast. Aswith other indices that saturate,
growth inevitably slows down. But perhaps the most important conclusion from the
graph isthat China, if it follows historic patterns of other states, may move fairly rapidly
towards democracy, but could also well be a non-democratic state or a non-consolidated
democracy through the entire first half of the century.

Rdity Farecadt inl FsBase Case
Folity = Democracy - Autocracy + 10

o] Al
(Nnon-OECD) (China)

The Freedom House measure in |Fs suggests asimilarly rapid rate of potential
transformation in China.  Using their cut-offs for category groups, China might be
expected to move into the Partly Free category by about 2015, yet not into the Free
category until late in the century. Thus forecasts using both measures suggest a
potentially very long period of political uncertainty for China. The State Failure Project,
to be discussed below, and other analysts suggest that unconsolidated democracies are the
least stable of political forms and the most subject to internal violence. Of course, the
reality could well be very different than our crude contemporary look ahead.
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7.6 Domestic Palitics

Turning to domestic and world political processes, especially the prospects for changesin
levels of conflict and cooperation, one striking characteristic of social science literatureis
again the prevalence of general analysis and rather non-specific statements (sometimes
with use of adternative scenarios), rather than the availability of specific forecasts.

Clearly uncertainty levels must be exceptionally high in this area, and IFs enters with
specific forecasts that must be treated with great caution.

Arethere forecasts of potentia utility with which to compare those of IFs? For instance,
the Stockholm International Peace Research Institute (SIPRI) annually produces an
extensive description of contemporary capabilities and conflicts. A useful appendix to
the chapter on conflict hasin recent years noted the shift of most systemic conflict from
interstate to intrastate. The authors further review changesin regional patterns, apparent
foundations for conflicts, and intensity. Y et they do not tend to provide forecasts.

The State Failure Project has similarly built an incredibly impressive database and
undertaken very extensive analysis to build models that explain state failure historically,
both globally and within specific geographic regions. There has been again, however, a
reluctance to use the models for forecasts of state failure in future years. And such
reluctance appears fairly deeply rooted among social scientists with respect to socio-
political change. For instance, looking at the results of that project, King and Zeng
(2001) wrote an article titled “Improving Forecasts of State Failure.” They divided the
historic datainto periods, and used one period to develop a model that provided improved
forecasts of another historic period. Scientifically, this makes great sense. For policy
anaystsit is frustrating, because their analysis did not provide future-oriented forecasts.

Absent forecasts of state failure against which to test the IFs base case, one approach isto

generate simple forecasts ourselves via simple extrapol ation on the database built by the
State Failure Project. To do so we must understand that the project’s conceptualization
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recognizes four types of state failure: adverse or abrupt regime changes, revolutionary
wars, ethnic wars, and genocides/politicides. Following the lead of the State Failure
Project, it is also possible to consolidate all types into a single concept of consolidated
state failure episodes.

For the purposes of extrapolation here, it is useful to focus only on Sub-Saharan Africa,
where the rate of past failure and concerns about future failure are especially high. For
extrapolation we use the database only since 1965 by which time most Sub-Saharan
African countries had gained independence; that allows usto focus on arelatively
consistent set of states over time, avoiding the problem of changing country sets that was
shown above to have plagued many analyses of democratization.

Thefirst figure below shows consolidated events since 1965, either initial ones or
continuations, with linear trend extrapolation through 2025. Thereisaclear upward
trend overal, but there are really two peaks, one in the early years of independence and
the second at about the time that democratization within Africa surged in the 1990s.
Thereisaso alarge drop at the end of the decade that makes it more difficult to be sure
that an upward movement will continue.>

Condidated Sae Falur e BEventsin Sub-Saharan Africa

Rate per Year of New and Continuing Events

Afr-SubSahar Afr-SubSahar-Trend/ R(SOR) = 0.1429

| | | | | | | | | |
| | | | | | | | | |
1970 1976 1982 1988 1994 2000 2005 2011 2017 2023
Year

The data and extrapolation on abrupt regime change are similar in general pattern,
including both the two surges and the upward trend.

%2 Although the State Failure project has now generated data through at least 2001, the | Fs database does
not yet contain data beyond 2000.
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Moving to ethnic war, the type of state failure that has the highest peak incidence, the
pattern is again roughly similar.

Ethnic War Sae Falur e BEventsin Sub-Saharan Africa

Rate per Year of New and Continuing Events

Afr-SubSahar Afr-SubSahar-Trend/ R(SOR) = 0.3411
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Revolutionary war exhibits a different pattern for the first time, without an initial peak
(perhaps after independence revolutionary wars are less likely), but again with an upward
trend over the 35-year period, if not so obvioudly in the last 20 years.

Revdutionary War Sate Failur e BEventsin Sub-Saharan Africa

Rate per Year of New and Continuing Events

Afr-SubSahar Afr-SubSahar-Trend R(SOQOR) = 0.5143
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Genocide and politicide are, blessedly, the least common of the state failure forms and
thereis dight evidence of a decreasing trend over time.

Genadide Sae Falur e BEventsin Sub-Saharan Africa

Rate per Year of New and Continuing Events

Afr-SubSahar Afr-SubSahar-Trend/ R(SOR) = 0.0344
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Moving from this simple mode of forecasting (using data in the |Fs database and the
extrapolation tools in the IFs system) to the base case of IFs, it must first be said that it
has proven exceptionally difficult to build aforecasting formulation for the model in this
area. That might seem improbable, given the extent of work that the State Failure Project
has done in fitting formulations to the past, but the difficulty liesin the driver variables
that the project has identified.

The global model created by the project has a small number of important variables
(Goldstone, et a., 2000: vi-vii). Anaysisfound that partial democracies are seven times
aslikely to fail as autocracies or democracies. It found that low levels of material well-
being (measured by normed infant mortality) doubled the incidence of failure, asdid low
levels of trade openness (exports plus imports over GDP), and as did mgjor civil conflicts
in two or more neighboring states. The African-specific analysis found that almost all
partial democracies failed and that democracies were five times aslikely to fail as
autocracies. It found that failure increased two-to-five times with low trade openness,
ethnic discrimination, new or entrenched leaders (versus those in office for amore
intermediate period of five to 14 years), and unbalanced growth (defined as high
urbanization and low GDP/capitalevels).

The problem of building these findings into a computer forecasting system is two-fold.
First, most of the drivers change quite slowly- this would suggest small shiftsin
probabilities of events over time, whereas the historic data above obviously suggest
rather rapid year-to-year changes.

Second, most drivers are changing in adirection that would suggest lower or unchanging
frequency of state failure over time in Sub-Saharan Africa, while the data above and
simple extrapolations suggest increasing frequency. Consider three pairs of graphs that
each first show historic patterns and then show |Fs base case forecasts for some of the
key driversidentified by the State Failure Project.
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Thefirst pair of figureslooks at democracy, using the Polity database and creating an
integrated measure of demaocracy from the component concepts measured in that project.
The integrated measure that was used earlier in the discussion of democracy is the value
of the democracy component, minus the autocracy component, plus 10. That formulation
is common, has been used in the State Failure Project, and creates a scale that runs from 0
to 20, with partial or unconsolidated democracies being near the middle of the scale.

The historic graph shows a movement in the early 1990s within Sub-Saharan Africaas a
whole from the preponderance of autocracy to partial democracy. Asindicated above,
that movement corresponds roughly with the second spike of state failuresin the
continent and it is therefore not surprising that partial democracy correlates very highly
with state failure. The forecast graph, from the |Fs base case, suggests that the average
democracy level in the region may move slightly further towards democracy in the next
two decades, but isunlikely to lead to widespread, consolidated democracy. Overal this
would suggest that the rate of state failure in Africa might change little.
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The second pair of graphs turns to satisfaction of material needs, using the infant
mortality measure emphasized by the State Failure Project. The project uses alogged
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and normed formulation, dividing infant mortality for states by the world median. 1Fs
uses world averages instead of the median. To compute world and regional averages, the
| Fs system uses popul ation weightings. The historic pattern shows a steady deterioration
of African government ability to deliver improved infant mortality levels at the rate of the
rest of the world (in absolute terms there is improvement almost everywhere, but it is
considerably slower in Africa). Interestingly, the most rapid period of deteriorationis
from 1980 into the early 1990s, again leading into the second continental surge of state
failure (the State Failure Project gives special attention to conditions two years before
failure onset). Thereisaslowing of deterioration in the late 1990s, and the IFs base case
forecast is of very dightly deteriorating, but essentially stable but continued high normed
mortality over the next two decades. Aswith the democracy driver, this might again
suggest relatively stable patterns of African state failure, rather than the increase
suggested by simple extrapolation.
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Thethird pair of graphs turns to trade openness. The historic graph shows a general trend
toward more openness, but aslight reversal in the 1980s and early 1990s, again preceding
the second surge of state failure. The IFs base case forecast for this variable shows a
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considerable further advance in openness over the next two decades. In contrast to the
other two drivers, trade openness thus suggests the possibility for some reversal in the
upward historic trend of state failure.

Trade Oparessin Sb-Sshar an Africa
Exports pl us Imports divided by GDP

Trade Opemessin Sb-Saharan Africas IFsBase Case

Rercent of GDP
3

3

g_
.
.
.
.

¢
:
:
g

2009 2011 2013 2015 2017 2019
Year

Given that ssimple extrapolation of historic trends would suggest increasing failure in
Africa, but that forecasts of driverswould suggest stable or declining failure, what does
the |Fs base case generate for the future?

On the advice of Ted Robert Gurr, the primary developer of the conceptualization and
force behind the event database, |Fs collapses the four categories of state failure into two,
identifying them as instability and internal war, respectively. The instability category
contains abrupt regime change and the internal war category contains the other three
event types: revolutionary wars, ethnic wars, and genocides and politicides.

The graph below isaforecast of instability or abrupt regime change probabilities for Sub-

Saharan Africaas awhole and for the Southern tip of Africa separately. In both cases
thereis some limited increase in state failure probabilities, but abasicaly flat pattern.
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Theflat pattern is related to the driver discussion above, and is contrary to the increase of
the simple extrapolation. The base case is showing alevelling of the probabilities at the
high levels that tended to characterize the 1990s.
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Such aforecast is, however, subject to very large caveats. Asindicated earlier,
developing aformulation for forecasting state failure is fraught with challenges and risks.
The formulation now used within IFs actually only includes the infant mortality driver.*
In the statistical analysis of the IFs project, which has been considerably less
sophisticated than the large-scal e and sharply focused State Failure Project, the other
drivers discussed above did not prove statistically significant. It isaso important to note
that the IFs project found that average years of education of a population, a variable not
earlier used by the State Failure project, nearly had a significance level for inclusion (p<
.05). Wereit added to the formulation, it would have led to aforecast of declining levels
of state failure, because the continent is making progress on education. In short, the IFs
project base caseisindicating aless pessimistic forecast than does the simple
extrapolation, but one in which failure probabilities stay quite high. A small formulation
change would bend the curve of the forecast down. Thus the IFs project must re-iterate
the high levels of forecasting uncertainty in this issue area.>

The formulation for internal war in IFsincludes trade openness in addition to infant
mortality, because it proved statistically significant. The base case forecast of interna
war probability for Sub-Saharan Africa, either asaninitial or continuing event, isvery
high (basically one chancein five for each country-year). That rate drops ever so dlightly
before rising again dightly into the peak years of the HIV/AIDS epidemic; it then begins

*¥|nfant mortality itself correlates very highly with GDP per capita, and when GDP per capitais added to
the formulation, normed infant mortality drops out. Normed infant mortality was retained instead of GDP
per capita, because (@) it more easily and often shows deterioration and (b) it offers a point of policy
leverage.

> Another issueis the foundational or base probability in 2000. |Fs uses the recent historic period as a
statistical “prior” for forecasts. Some analysts prefer an approach that cal culates values without such a
prior.
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tofall again. Theratesin Southern Africaare lower, but still very high (about one
chance of failure in seven country-years).
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To repedt, this area of forecasting is unusualy difficult, and it is easy to understand why
most analysts decline to make forecasts. IFsforecastsin this area should be treated with
specia caution. It is probably best for most purposes in assessing prospects for
instability and state failure not to look at forecasts of probabilities like those above, but to
look at awide range of drivers, including those discussed here but adding factors such as
youth bulges, AIDS death rates, etc. In short, a better approach is awatch list of danger
signalslike that provided in the Basic Report of the IFs system, coupled with judgment
informed by area-specific expertise.

7.7 Global Palitics

Aswith domestic politics, forecasters become appropriately reticent to make precise
forecasts with respect to interstate conflict and cooperation, in spite of the great value that
good forecasts would have.

Social scienceis actually more likely to generate socio-political forecasts within world
views or paradigmatic perspectives than within its more scientific, ostensibly paradigm-
free work.> Consider, for instance, the division between realist and liberal (sometimes
called idealist) orientations. Liberas are likely to foresee the growth of role for non-
state actors, such as NGOs and INGOs, as well as greater use of soft power and
multilateralism rather than force and especialy unilateral force by states. Realists more
often foresee continuing roles for power and force by traditional states.

Both perspectives rather naturally give riseto forecasts, abeit highly general. Those of
the realists may be somewhat sharper, however, because they rely on changing global

% An exception is the GLOBUS project (Bremer 1987). That project created aworld model heavily
focused on socio-political dimensions. It had the capability of making forecasts, but did not tend to
produce many (see Bremer and Hughes 1990 for a modest attempt).
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power configurations and phenomena such as power transitions in global and regional
leadership. We shall therefore explore forecasts of power with 1Fs and consider some of
the implications that they might have for international conflict.

For instance, it has become common to foresee rise in Chinese power to alevel that a
power transition could occur in global leadership. Tammen, et al. (2000) suggested that
such atransition could occur even before 2020 and, drawing upon power transition
theory, argued that the dangerous period for global conflict would be during the
movement of Chinese power from about 90 percent to about 110 percent of that of the
United States.>®

Comparing such aforecast with the base case of |Fs requires an operational definition of
power. The power measures from the Correlates of War project influence most
operationalizations. COW efforts weight, most often equally, three dimensions of state
power: demographics, economics, and military capabilities (Ray 1987). Power measures
are traditionally expressed as a portion of systemic power, often restricting the system to
asomewhat arbitrarily defined set of great powers.

| Fs uses such a measure, but computes power for states as portions of the global total.
For many years |Fs operationalized demographics with total population, economics with
GDP at exchange rates, and military capabilities with rather crude measures of military
power (conventional and nuclear). But the appropriate components of the power index
are highly contentious. For example, some argue that an equal weight on population
overweightsit, and that popul ation should perhaps even be considered a burden. Others
look to GDP at purchasing power instead of exchange rates. Evan Hillebrand (then of the
CIA’s Strategic Assessments Group) has argued that, in the modern era, technology isa
critical element of power, and that GDP per capita (weighted by GDP) can serveas a
rough proxy of technological sophistication. That is, a country with alarge GDP spread
across alarge population is unlikely to have the technological sophistication of a country
with the same GDP, but a higher GDP per capita.

Were IFs to use the traditional three-component measure, with equal weighting and with
military spending levels as a measure of military capability, the power of the U.S. and
Chinain the base case would look like the following graph.

%0 Because of its | mportance, a very large number of studies on the future of the U.S.-China relationship,
many with forecasts of the power balance, have been undertaken. A recent study of the future of
international power balances done by Paul Herman within the Strategic Assessments Group would be a
good place to begin. In addition, look-ahead studies for China alone, such asthe World Bank’s China 2020
(1997) can be useful.
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Interestingly, China never reaches much above 80% of U.S. power with this
operationalization of power and the underlying drivers of the base case. One reason will
surprise many readers. In the longer term, the inclusion and equal weighting of
population with other components actually works against China. As the graph below
indicates, China already has a slower population growth rate than does the U.S. With
base-case assumptions about continued immigration into the U.S. and about continued
lower fertility in China, the gap in growth rates widens over time.

The graph below and subsequent ones focus on the period between now and mid-century;
even that period is fraught with incredible unknowns and uncertainties. Attempting to
analyze power relationshipsin last half of the century probably has little benefit.
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Although not in the power index, another indication that demographics may not work for
Chinain the long run comes from at look at the portion of U.S. and Chinese populations
in the traditional working years (15-64). At this point Chinais till getting a
“demographic bonus” because the size of the youth population is dropping faster than the
aged population is growing. That advantage will begin narrowing about 2010 and by
2040 the U.S. may have alarger share of its population in work-force age groups than
does China.
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Not unrelated to the unfolding demographic futures, the GDP of China at market pricesin

the base case does not converge to that of the U.S., asindicated in the figure below.

Although the ratio narrows from nearly 9-to-1 to about 2-to-1, the absolute gap does not
close by mid-century. And, although not shown, military spending is unlikely to shift the

balance of power between the two countries given these demographic and economic
forecasts.
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Often, observers argue that purchasing power parity is a superior measure of economic
size and the graph below does indicate that at PPP the Chinese economy overtakes that of

the U.S. before 2030 in the base case.
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Although it could be argued that GDP at PPP is more relevant in looking at human well-
being than at interstate power (which, like GDP at market prices, isinherently a globally-
determined concept), the IFs base case measure of power has shifted to purchasing
power. The current measure, aways subject to change over time and especially to
alternative scenarios by the model user, is an index with four components. Paul Herman
of the CIA’s Strategic Assessment Group, in consultation with Evan Hillebrand, was
instrumental in developing the form of the current index. Population enterswith a
weight of 0.8, dightly underweighting it by traditional standards. GDP at PPP enters
with aweight of 1.1, dightly overweighting it. In addition, however, GDPPC at PPP
(weighted by GDP) enters as the proxy for the technological capability discussed earlier,
with aweight of 0.3. Finally, military spending enters with aweight of 0.9. A maor
reason for underweighting it is the inclusion of technological capability, so important in
today’s military capability.

Given this building of the power index, the gap between the power of the U.S. and China
does eventually close, as shown below. With this operationalization, Chinese power
steadily closes on that of the United States, reaching 90% of the U.S. level before 2040.
Once again, all caveats pertain to this base case forecast. For instance, even a percentage
point differencein U.S. or Chinese long-term economic growth would significantly alter
the pattern.
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For quick reference, the graph below shows U.S. power using the same measure, versus
power of the expanded European Union of 25 countries. The use of a 25-member EU
puts that grouping relatively near the level of the U.S. in power initially. Becausein
substantial part of differing population growth rates, which in turn affect economic
prospects, the EU falls further behind U.S. power levels, even by 2020. Interestingly,
power transition theory often pointsto eras of such a divergence as times of increased
tension.
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Again for quick reference, the following graph shows aregional power balance between
India and Pakistan, arguably one of the more dangerous dyads globally, given the nuclear
capabilities of two developing countries. The base case suggests no narrowing of the

large power differential.
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Although it was suggested above that forecasts even to 2050 are a stretch, the graph
below looks at the possible evolution of the China-India dyad through the end of the
century. Again, the demographic element becomes very important, and it would be quite
possible to argue that the greater population growth of Indiawill prove a handicap for
indefinitely, rather than a potential strength at some distant point. Y et, using the
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formulation described earlier, with areduction in the traditional weight given population,
Indialooks potentially poised to challenge China by the end of the century.
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Once again, there is alarge but highly disparate literature on specific countries, selected
regions, and contemporary great powers. Some of that will provide forecasts, but most of
those require teasing out of thetext. It isdifficult to find long-term power analyses
against which to compare the |Fs base case.

Itis, of course, even more difficult to find any forecasting source bold or foolish enough
to forecast the overall threat environment of the United States. The two figures below do
so, but should be treated with even greater caution. The formulation for threat index used
in the IFs base case was built eclectically from theory involving power balances (as
above), systemic power concentration, levels of democracy, extent of trade, and other
variables.>” The graph below suggests a gradual long-term decrease in the threat to the
United States of interstate conflict (the scale is percentage probability of annual
involvement in militarized interstate disputes, with the initial valuetied to longer-term
historic experience).

Thefirst of the two figures below shows an estimate of the systemic threat environment
for three current and/or future great powers. the US, China, and India. It suggests
mostly the obvious. Great powers have exceptionally high levels of involvement,
essentially constant, in disputes with other states (the conceptualization does not involve
non-state actors) that involve the use or threat of force. There may be some tendency
over the century for that involvement to be reduced, substantially because of the growth
of democracy systemically. At the sametime, asthe global roles of Chinaand Indiarise,
the threat of involvement for them may actually increase.

> Although none of them bear any responsibility for the ultimate formulation, the expert advice of Stuart
Bremer and Edward Mansfield, as well as the expertise and empirical analysis of Mark Crescenzi, Douglas
Lemke, and Paul Senese were important in providing input to the formulation. The author asked especially
for their help identifying “stylized facts” from the empirically complex causes of war literature, in order to
be able to build a crude but usable multivariate threat-forecasting formulation.
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The above two figures are presented in part because they illustrate the great limits on
what we can do with such an approach. While they may be somewhat suggestive, they
have two great failings. First, they do not inspire great confidence; although our
formulations were built with inputs from both experts and the empirical literature, they
remain somewhat ad hoc.”® Second, if we are interested in conflict threat over the next 5

%8 Equations for al |Fs formulations are in its Help system.

104



or even 20 years, forecasts that change gradually through a century give uslittle
information that is not imbedded in the initial condition. Obviously, the real-world
pattern of conflictsis highly erratic, responding to specific actions of leaders, accidents
on the high seas or in air space, media attention to perceived grievances, etc. Such
factors, perhaps especially leadership, can be essentia in either resolving or losing
control of conflicts such asthat in Palestine-Israel. Smooth patterns help us relatively
little, and there is no way of forecasting “trigger events” other than by treating them as
wild cards.

In addition, the IFs modelling system also does not yet represent some of the underlying
forces or drivers known to be relevant to assessing international conflict and cooperation.
For instance, there is no representation of the strength or intentions of non-state actors
that have made the U.S. atarget of their hostility. Given that these have both
persistence/driver characteristics as well astrigger event/wild card characteristics, it
might be possible to represent some of the former aspects, perhaps tying them to regional
dynamics of value change.

Good advice to modelersis dways to “model only what it is possible to model.” 1Fs may
well have already overstepped that boundary in some areas, particularly some addressed
by this chapter. The point of the chapter has been to communicate how far we have come
in modelling the “social fabric,” demonstrating through the base case both the model’s
strengths and many weaknesses. Another motivation is to invite suggestions for possible
improvements/extensions. It isimportant to re-iterate that a model like IFsis athinking
tool, not a predictive one. The intent in developing the system has been to provide
elements for forecasting that may be useful for thought and discussion, not to suggest that
the future will be that of the base case.

One of the best cures for becoming too attached to a base case is the devel opment of

scenarios. The next chapter provides a quick introduction to global scenarios, a subject
that alater report will need develop more fully.

105



8. Integrated Forecasting and Scenario Analysis

There are relatively few organizations or individual s that attempt to do global forecasting
across multiple issue areas. One of these, the United Nations, occasionally draws
together analysis by others from multiple issue areas, sometimes under the rubric of
“Critical Trends.” The Department of Economic and Social Affairs published Global
Challenge, Global Opportunity: Critical Trends in Sustainable Development in support
of the 2002 Johannesburg Summit. The useful portraitsin different issue areas are,
however, largely hung together, not fully integrated in the sense of explaining how the
various issue areas interact and collectively create global futures.

Most truly integrated forecasting tends to grow out of effortsto look at futures that
extend to the environment, to the socio-political system, or both. Because forecasting in
either of these two areas requires attention to technological, demographic, and economic
drivers (and to energy and agricultural systems, at least for environmental forecasting),
those whose interests extend to the environment or to the socio-political system are
almost required to provide broadly ranging and quite integrated images of the future.>
The complexity of such integrated forecasting generally givesriseto (1) group efforts for
their creation and (2) multiple scenarios to portray the possibilities.

Many such efforts look to computer simulations, not for the full richness of the scenarios,
which must retain substantial qualitative content, but at least for the provision of some
guantitative foundation and some consistency across the wide range of issue areas. A
useful study by the International Centre for Integrative Studies (ICIS 2000) for the
European Environment Agency assesses critically both scenario analysis and the
modeling underpinnings of it.%

* The lEA (2003) volume on Energy to 2050 reviews very well many integrated scenario efforts,
especially those that build to the energy-environment nexus. In addition to those studies reviewed in this
chapter, the volume presents snapshots of scenario studies emerging from Canada, the Netherlands, and the
UK. The Hart/Rudman Commission’s Study Addendum (US Commission on National Security/21%
Century 1999b) also provides a very good review of most integrated scenario analyses to the time of its
release, especially those with an emphasis on socio-political futures. Among those discussed by
Hart/Rudman that are not reviewed here are the U.S. Air Force 2025 study (1996); see especialy the
monograph on Alternative Futures for 2025: Security Planning to Avoid Surprise, with some wonderfully-
named and nicely developed scenarios for the future. Hart/Rudman also summarize Khalilzad and Lesser’s
(1998) three scenarios across global regions and attempt to identify some key wild cards. And they outline
the Project 2025 of the Institute for National Strategic Studies at the National Defense University. Beyond
the coverage of Hart/Rudman and the discussion here, there are periodic surveys, somewhat in the spirit of
this report, produced by a wide range of global forecasting projects. The UK Defence Evaluation and
Research Agency undertook such areview of Srategic Futures Thinking in 2001.*° A virtue of that
analysis was an explicit effort to identify wild cards associated with the key issue areas.

A work in progress by Dale S. Rothman, formerly of ICIS, somewhat updates that effort with afocus on
environmental scenarios.

106



In the environmental arena, the reports of the Intergovernmental Panel on Climate
Change (IPCC) are good illustrations of integrated analysis.®* The IPCC has drawn upon
inputs from hundreds of scientists and used scenariosto frame its reports. And it has
used avariety of simulation toolsin support of the analysis. To summarize the scenario
families of the third IPCC report briefly:

e Al Rapid economic growth, global population decline after mid-century, rapid
technological change. Convergence among regions, capacity building, increased
cultural and social interactions, reductions in regional differencesin per capita
income. Within the A1 family there are three groups that represent different
energy technologies (fossil-fuel intensive, balanced, and predominantly non-fossil
fuel).

e A2. Very heterogeneous world. Self-reliance and preservation of local identities.
Continuously increasing globa population. Economic development and per
capitaincome more fragmented.

e B1. Convergent world with global population decline after mid-century. Rapid
changes toward service and information economy, reductions in material intensity
and introduction of clean, resource-efficient technologies. Global solutionsto
economic, social, and environmental sustainability, including improved equity.

e B2. Local solutionsto economic, socia and environmental sustainability.
Continuously increasing global population (lower than A2), intermediate levels of
economic development, less rapid and more diverse technological change thanin
Bland Al

Similarly, the Global Scenario Group (GSG),% convened by the Stockholm Environment
Institute in 1995, has drawn upon the talents of many in creation of its scenarios, which
cut across environmental and socio-political arenas. Moreover, it has used the Polestar
modeling system in support of severa scenario reports, including Great Transition: The
Promise and Lure of the Times Ahead (Raskin, et a., 2002). Briefly, the GSG scenarios,
also elaborated by Hammond (1998) are:

e Market World. Rapid technological innovation, economic reform, and economic
growth. Integrated world markets. Widespread prosperity, peace, and stability.

e FortressWorld. Failure of market-led growth to redress socia wrongs and
environmental disaster. Widening inequality, conflict, and instability.

e Transformed World. Power is more widely shared and socia coalitions work at
grassroots level. Markets are effective, but do not substitute for deliberate social

¢ See http://www.ipcc.ch/; January 16, 2004.
62 See http://gsg.org/; January 16, 2004.
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choices. Fundamental change for the better in politics, socia institutions and the
environment.

Analyses with the Polestar model ®® of the Stockholm Environmental Institute have also
been used in support of UNEP’s Global Environmental Outlook (GEO-3), to provide
some integration across the multiple issue areas of that anaysis.

The World Business Council for Sustainable Development (1997, 1999, and 2000)
provided additional integrated scenarios with a heavy environmental emphasis. These
include (as presented in IEA 2003: 179-185):

e FROG (First Raise Our Growth), aworld emphasizing growth first and the
environment secondarily.

e GEOpoalicy, aworld in which environmental shocks early in the century lead to
global organizational restructuring, including the Global Ecosystem Organization
(GEO).

e Jazz, adecentralized, deregul ated world that brings many advantages but that
ultimately cannot create a path towards sustainability.

In the socio-political arena, the Hart-Rudman Commission, more formally the United
States Commission on National Security/21% Century (1999a) began in 1998 to develop
reports to accomplish what it described as the “most comprehensive government-
sponsored review of U.S. national security in more than 50 years.” Although most of the
Commission’s reporting was focused on quite specific issues and geographic regions, and
although it argued that the future would likely be a patchwork of elements, it concluded
its Phase | report on The New World Coming with a brief elaboration of four scenarios:

e A Democratic Peace. Democratic norms predominate, thereis no sharp
ideological conflict, and political cooperation among statesis high. The scenario
is built on assumptions of moderate economic growth and a continuing
information revolution, but also posits global inequalities and other challenges.

e Protectionism and Nationalism. Global economic crisis or other factors lead to
the rise of nationalism and of regional power blocks. The developing world
suffers economic decline in the face of decreasing trade and financial flows.
Nationalism, ethnicity, and fundamentalism direct some politics and even
governments.

e Globalization Triumphant. Rapid progressin technology and global growthin
economies allows developing countries to create larger economies than thosein
the developed world. Thereiswidespread commitment to more equitable income,
to development of human capital, to peaceful conflict resolution, and to
sustainable environmental policies.

83 See http://www.seib.org/pol estar/Projects.html; January 16, 2004.
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Division and Mayhem. Diffusion of dangerous technologies, breakdown of
globalization processes, or environmental crisis could give rise to this world.
Internationalism breaks down, with restrictions on trade, financial and
information flows. Many countries fragment ethnically, culturally, or religiously.
Terrorist attacks on U.S. cities reorient U.S. policy towards preventing more
attacks and away from broader globa engagement, giving rise to adownward

spiral.

Once again reaching into the socio-political arena, the Forward Studies Unit of the
European Commission (1999) put forward five possible futures with afocus on Europe:

Triumphant Markets. Thisis essentially another victory of globalization
scenario, but drawing attention to negative aspects of liberal markets for some
participants within two-tier labor markets, including growing inequality as well as
aloss of socia benefits and support systems.

The Hundred Flowers. Economically less successful globalization and the
weakening of governments allows corporate excesses and growth of crime,
accompanied by rising public dissatisfaction in aworld of highly uneven
performance and a more ominous international situation, including an
introspective United States.

Shared Responsibilities. Successful and extended integration of societies by the
European Union set in motion a dynamics of reform, renewal and coordination in
policy and the establishment of a clear European model for economic and socio-
political systems, with support for European leadership in multilateralism and
global systems.

Creative Societies. Aggressive European reforms reduce the governmental
footprint and giveriseinitialy to backlash and socio-political problems including
slowed expansion, but suggest the possibility for an emergence of ultimately more
creative government and renewed society.

Turbulent Neighbourhoods. Ethnic wars, terrorism and rising criminality
around the world, to which other actors and global systems respond incoherently,
bring themselves to Europe’s doorstep forcing Europe to narrow its geographic
definition and focus on security issues, but at great cost in other arenas and
without great success even with respect to security.

The Millennium Project has devel oped many scenarios over time, including (ACUNU
1998 as described in IEA 2003: 186-190):

Cybertopia. Freetrade and globalization, highly developed
information/communications, low governmental profile, and high security.
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The Rich Get Richer. Like Cybertopia, except that income inequalities grow,
environmental problems are more pronounced, and security islow.

A Passive Mean World. Barriersto trade, stagnant communications, and high
levels of government combine with high unemployment. Poor countries develop
slowly and people turn inward within and across regions of the world.

Trading Places. Open trade, highly developed information/communications, low
government profile and low security. The rich countries suffer economically
more than the emerging countries like China, however, who surge ahead in the
system and become dominant powers.

At the Inaugural Conference of Project 2020, Ted Gordon of the Millennium Project
sketched four other scenarios, which collectively place considerable emphasis on
alternative technological futures:

Science and Technology Developsa Mind of itsOwn. Scientific and
technological discoveries accelerate ahead of the ability of governments to keep
pace.

TheWorld Wakes Up. Anindividual murders 25 million people with a
genetically-modified virus leading to more control of science.

Please Turn off the Spigot. Scienceis seen as not meeting the needs, especially
of the poor, and a global commission attempts to intervene.

Backlash. Negative consequences of innovation lead to mass concern,
unsuccessful regulation and stalled progress.

Also in the socio-political arena, the National Intelligence Council (NIC), providing
integrated strategic thinking for the Director of Central Intelligence and the broader U.S.
government, prepared areport on Global Trends 2010 (1997), a second report on Global
Trends 2015 (2000) and is preparing Global Trends 2020. As part of its past analysis it
identified demographics, natural resources and the environment, science and technol ogy,
the globa economy and globalization, national and international governance, future
conflict, and the role of the United States as key drivers. Although most of its report
elaborated the unfolding of those drivers globally and within specific countries and
regions, the NIC, like Hart-Rudman, also concluded its 2015 report with four genera
scenarios:

Inclusive Globalization. Technological development and diffusion, economic
growth with wealth diffusion, effective national and international governance, and
conflict reduction create avirtuous circle for al but a minority of the world’s
popul ation.

Pernicious Globalization. Population growth and resource scarcities burden
many devel oping countries more than technological advance is able to help them,
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leading to a splitting of the global economy and the failure of a majority of global
population to benefit from globalization.

Regional Competition. Regional groupingsin Europe, Asia, and the Americas
emerge and compete economically and with respect to technology, also leaving
other areas, such as Sub-Saharan Africa, the Middle East, and Central and South
Asiabehind and giving rise to overt conflicts in such regions.

Post-Polar World. The U.S. economy slows and stagnates, focusing attention
inward, and causing the U.S.-European alliance to deteriorate, while regiona
tensionsin Asiaand growing Chinese capabilities give rise to military tensions
and possible conflict for which the U.S. has little outside support.

Key Global Uncertainties. The scenario families of many studies tend to identify
similar sets of key uncertainties in mapping their scenarios. In fact, the names and
characters of the large framing scenarios begin to sound much alike. How much aike are
they? Some dimensions of uncertainty clearly come back from one analysis to the next:

1.

Pace of Technological Change and/or Economic Growth. Essentialy all
scenario groupings exhibit internal variation with respect to either or both of these
key underlying drivers.

Leve of Globalization and Cultural Differences. Again, nearly al recent
groupings make differing assumptions across scenarios with respect to the extent
of globalization and the continuing role of regional cultural differences (aLexus
and the Olive Tree juxtaposition). Sometimes, variation in globalization intensity
is considered only economically, but increasingly studies think through also its
impact on cultural regions.

Income Distribution. Thisdimension of underlying variation in scenariosis very
common across sets; the distributional attention is primarily interstate, but can
also be intrastate.

Demographic patterns. The IPCC creates two general alternative demographic
futures. Demographic futures are, however, less widely distinguished in scenario
sets than many other driver sets, in part because of substantial convergencein
assumptions.

I nternational Cooperation or Lack of Cooperation. Many scenario sets
introduce variation in behavior of the United States and sometimes of other actors
in the extent of unilateralism or multilateralism in policy.

Governance Success. In some scenarios the success or quality of governanceis
explicitly variable and in some analyses the size of it also varies.
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7. Material Intensity of Economy and Character of the Energy System. The
IPCC focuses heavily on this, and Which World? creates one scenario around a
environmentally pessimistic future.

8. Glaobal power configurations. Substantial numbers of scenarios that ook at
global politics explicitly differentiate possible future power distributions.

9. Nationalism and other isms. A considerable number of global political
scenarios look at the intensity of national, religious or other identities and/or
ideologies.

10. Wild Cards. Many scenarios reach out for their central character to improbable
but theoretically possible events, from plagues through meteor collisions to
specific technologica breakthroughs.

The final chapter of this report begins what will become an extended discussion of the
approach to scenarios within the IFs project.
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9. Concluding Remarks: Scenarioswith |Fs

As stressed at the beginning of this report, the base case is only a starting point for
anaysis. Because the base caseis explicitly assessed against and adjusted towards the
thinking of expertsin many areas, it isa scenario for the future. Yet, like other
scenarios, it isavery low probability image of the future. The analytic use of IFs
absolutely requires extended scenario analysis around the base case. How can the
interface, structure, and use of IFs facilitate such analysis?

In thinking about the process of scenario development, it is useful to keep in mind at least
two key dimensions that can differentiate scenarios. Thefirst is between framing-
assumption scenarios and leverage-exertion scenarios. The second is between narrowly-
targeted interventions and between large-scale scenario visions. The two-by-two table
below suggests the pure forms of analysis framed by the two dimensions. In reality, most
scenario analysis mixes framing assumptions with leverage exertions and/or builds up
large-scale vision scenarios from individual targeted interventions. Thereis nothing at all
wrong with doing either, but it is useful to recognize it when one does so.

Framing Assumptions

L ever age | nterventions

Targeted I nterventions

Assumption Sensitivity
Analysis

Policy Assessment

Large-Scale Vision
Scenarios

Framing Scenarios

Road-Map/Normative
Scenarios

With respect to the first dimension, some analyses will build on assumptions concerning
issues that arein part or wholly beyond the control of human intervention. Examples of
alternative framing assumptions include differing values for ultimately available fossil
fuelsin Iran or different dates by which the introduction of avaccine against HIV/AIDS
could cause infection prevalence to peak globally. In contrast, aleverage-exertion
scenario might consider the impact of more spending on education in Sub-Saharan Africa
or of immigration controlsin Europe. Such targeted interventions can be especialy
useful for investigating the sensitivity of the base case of the model or in assessment the
potency of a particular policy lever. Some such interventions could be wild cards, such
as an oil embargo by OPEC membersin years 2014-15. From the point of view of the
United States this might be a framing assumption, whereas from the point of view of
OPEC thiswould be a leverage exertion. The categories are by no means fully pure.

With respect to the second dimension, each of the examples in the preceding paragraph
was a quite narrowly-targeted intervention. In contrast, within the European
Commission-sponsored TERRA project, the IFs team developed a Sustainability Scenario
that built up a package of leverage initiatives with respect to human capital development,
pursuit of growth with equity, and environmental sustainability (Hughes 2003). The
intent was to help develop a “road map” scenario with respect to sustainability.
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Similarly, the alternative fossil fuel families within the A1 scenario of the IPCC have the
character of framing scenarios.

Obvioudly, large-scale scenario visions can and often are built up from targeted
interventions. It would, for instance, be possible to build an extensive framing image of
an environmentally-fragile world in which non-renewabl e resources were more limited
than expected and environmental impacts were more unforgiving. Or to build an
environmentally-robust world. Inside such framing scenarios, we could explore human
leverage to achieve growth with equity. It isalso possible to begin with avision scenario
and work back to the interventions, somewhat as is happening with the Great Transition
scenario of the Global Scenario Group.

In terms of building aroad-map, the IFs project in association with the Rand Pardee
Center has begun to explore leverage using the Center’s Computer Assisted Reasoning
System (CARS; Lempert, Popper, and Bankes 2003). The combined CARS-IFs system
can explore avast space of runs or cases from the model, each involving one or more
targeted interventions, in order to seek robust strategy packages to best pursue desired
outcomes. The robustness of the strategies will come at least in part from their ability to
stand up to different framing assumptions (such as, again, the unfolding of AIDS). Thus
the system essentially will facilitate the development of road maps across multiple
possible framing scenarios.

How does IFs facilitate the movement within and across these categories? The “scenario
tree” of the IFs interface alows manipulation of every parameter in the model, including
many multipliers that have been created specifically to represent the exertion of leverage.
The top two branches on the scenario tree give access to technological and environmental
parameters, both of which generally have the character of framing assumptions. The next
branches on the tree give access to interventions that generally represent the actions of
agent classes, notably households, firms, and governments. In short these help organize
leverage exertions.

When using the scenario treeg, it is possible to stop at a single intervention, run the model,
and consider the results relative to the base case. It is also possible to hang multiple
interventions on the tree and thereby to elaborate vision scenarios. Any configuration on
the tree can be saved to afile for later retrieval. And the project has begun developing a
library of scenario files that package an assortment of interventions for the user to load
into the tree, one at atime or additively. ldeally, many of the scenarios discussed in the
last chapter or developed explicitly for the 2020 Project should be available in such files
for easy retrieval and analysis. Initial versions of the IPCC scenarios have been packaged
in that way.

Other reports from the IFs projects will, however, provide information concerning such

scenario analysis using the system. This report has served its own purposes of
elaborating the IFs base case and providing context for it.
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