
SCENARIOS FOR THE 21st CENTURY 

I. Global Scenarios – 1 

I. SCENARIOS OF GLOBAL DEVELOPMENT 

Summary 
 

In this section we consider several scenarios of global development. Our purpose is to 

identify ways in which concerns regarding economic growth, ecological integrity and the 

distribution of income might support or conflict with one another.  

Section I.A begins by comparing seven noted quantitative scenarios of long-range global 

development. Some address environmental values, and some address income inequality among 

countries. None address income inequality within countries.  

Section I.A continues by presenting a model of global development that addresses 

income inequality within countries. The model is used to answer the question: what would it take 

to achieve a world in which annual energy use is limited to 30 terawatts, economic inequality 

among countries has been eliminated, and economic inequality within countries has been reduced 

to the level represented by a ratio of 2.5 between the upper and lower per capita income quintiles, 

within the next 150 years?  

We develop a scenario that suggests that such a world could be achieved if global energy 

efficiency improves by about a factor of five, if low income countries grow at per capita rates of 

4-5% for most of this century and then slow to zero over the following half century, if the high 

income countries reduce their rate of economic growth to zero by the middle of this century, and 

if households in the top income quintile of the high income countries are willing to undergo an 

absolute reduction of their incomes of 17% over the century beginning in 2050. We find that the 

top income quintiles of the high income countries can avoid having to undergo an absolute 

reduction of incomes if more affirmative steps are taken, earlier, to address income inequality.  

Section I.B reviews thirty-three sets of mostly narrative scenarios of global development. 

We identify four advocated scenarios, distinguished largely by different political-economic 
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commitments: techno-global neoliberalism, social democratic internationalism, Green 

sustainability, and civilization-of-civilizations.  

Section I.B continues by presenting a framework for integrating the various quantitative 

and narrative scenarios. We identify our ideal scenario, combining Green sustainability and 

quantitative Scenario 5. Section I.B concludes by noting the many questions that need to be 

addressed in order to evaluate the credibility of any of the scenarios, and in particular of the ideal 

scenario. These questions are to be addressed in Section II.  
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I. SCENARIOS OF GLOBAL DEVELOPMENT 

I.A. QUANTITATIVE SCENARIOS OF GLOBAL DEVELOPMENT  

I.A.1.  REVIEW OF PAST SCENARIOS 

Box IA-1 shows projections of total world output associated with five noted models of 

world development. The scenarios are described in IA-2.  

How do the authors of these models motivate these scenarios? Meadows, Nordhaus and 

Kahn all show economic growth coming to an end, but at different final levels and for different 

reasons. Meadows believes that biogeophysical limits to economic growth will compel us to live 

within them.  Nordhaus believes that productivity-enhancing technological innovation will 

become increasingly subject to diminishing returns.  Kahn believed that as wealth increases 

people will become satiated and jaded and lose their entrepreneurial and acquisitive desires.  

Romer’s scenario does not show limits to growth. He believes that increasing returns to 

technology and knowledge should allow growth to continue indefinitely. Cline’s growth 

projections are extensions of projections made by the Intergovernmental Panel on Climate 

Change and are not further motivated.  

Different assumptions concerning population growth are not an important reason for the 

differences among the scenarios. Other than Meadows, all the authors use standard projections 

prepared by the United Nations. In these, population stabilizes at about 11 billion by the middle 

of the next century. Meadows uses a lower stabilization value of 7.7 billion.  

These globally aggregated projections are a useful initial reference, but if we wish to 

consider questions regarding income inequality we need regionally disaggregated models. IA-3 

shows projections of economic growth for six scenarios ending in 2100, four of which—by  
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BOX IA-2.   WORLD OUTPUT TRAJECTORIES – DESCRIPTIONS 

 

1. World Output Trajectories, 1965-2305 (Box IA-1) 
 

Box IA-1 shows projections of total world output made by noted economists and other analysts for the 

period 1965-2305.  All figures are in 1990 U.S. dollars.   

 

Nordhaus:  This is the reference case output trajectory used by  Nordhaus for his RICE model 

(Nordhaus and Yang, 1996). He uses United Nations mid-range population forecasts, which show 

stabilization at 10.6 billion.  World per capita output reaches $20,500 by 2100 and stabilizes near 

$42,000 shortly after 2200.  

 

Romer:  At the July 1996 Western Economic Association annual convention in San Francisco Paul 

Romer estimated that the global economy should be able to sustain a per capita output growth rate of 

about 2 to 3 percent for the indefinite future.  The trajectory shown in the chart uses a value of 2.5%, 

along with the United Nations population projections used by Nordhaus.  Per capita output in 2100 is 

about $60,000.  

 

Meadows:  This is the path of global output that Meadows et al., in Beyond the Limits to Growth 

(1992), suggest should be followed in order to avoid the catastrophic reduction in output that would 

otherwise result as biogeophysical limits are exceeded.  Population is limited to 7.7 billion and per 

capita output is estimated to stabilize at about $5,400.  

 

Cline:  This is the reference case output trajectory used by Cline in The Economics of Global Warming 

(1992).  It is based on extrapolations of mid-range projections used by the World Bank and the United 

Nations for the coming century, tempered by Cline’s judgment that these rates will slow in later 

decades. In 2100 population is stable at 10.5 billion and per capita output is about $15,200. 

 

Kahn: This is the output trajectory offered by Kahn in World Economic Development (1979) as an 

alternative to that offered by the authors of The Limits to Growth. Population stabilizes at 10 billion.  In 

2100 per capita output is about $26,000 and it stabilizes a century later at about $40,000.   

 

 

2. World Output Trajectories, 1965-2105 (Box IA-3) 

 

Box IA-3 shows output trajectories for the period 1965-2105.  Four of the trajectories (Nordhaus, 

Romer, Meadows and Kahn) are the same as those shown in Box IA-1 but here cover only the period 

through 2105.  Cline’s trajectory has been deleted and new ones by Holdren and Greenpeace have been 

added. 

 

Holdren:  John Holdren (1996) presented his “best plausible” scenario for reducing reliance on fossil 

fuels and achieving distributional equity among nations at an April U.C. Berkeley symposium. The 

trajectory shown in IA-3 is the output trajectory used in this best plausible scenario.  In 2100 population 

has stabilized at 9 billion and per capita output is about $47,700. 

 

Greenpeace: This is the growth path used in the study Towards a Fossil Free Energy Future (1993) 

prepared for Greenpeace by Lazarus et al. of the Stockholm Environmental Institute.  It uses the same 

population and total world output assumptions adopted by the Intergovernmental Panel on Climate 

Change (IPCC), but modifies per capita output growth rates among regions to reduce inequities.  In 

2100 population has stabilized at 11.3 billion and per capita output is about $22,400. 
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Holdren, Nordhaus, Kahn, Greenpeace--are disaggregated on a regional basis.1  These scenarios 

are described in IA-2.  

Readers familiar with the global futures debate might suspect that I’ve mislabeled the 

projections in IA-3.  Nordhaus and Kahn present “business-as-usual” scenarios in which world 

GDP reaches $211 and $274 trillion, respectively, by 2105. Greenpeace and Holdren present 

“preferred” scenarios in which world GDP reaches $282 and $460 trillion by that date. How can 

it be that the preferred scenarios recommended by two noted environmental advocates show 

greater economic growth than do the business-as-usual scenarios presented by two noted pro-

growth, neo-classical economists?  

The answer is that the Greenpeace and Holdren scenarios incorporate a normative desire 

that the economic disparities between the rich and the poor countries of the world be significantly 

reduced, while the scenarios of Nordhaus and Kahn do not. Because income inequality between 

the rich and the poor countries is in fact so large, Greenpeace and Holdren must show strong, 

continuous economic growth by poor countries if they are to offer any hope that economic 

disparities can be reduced by more than a trivial amount within any time less than several 

centuries.2  

The Greenpeace and Holdren scenarios also incorporate a desire that total world output 

does not grow so large that important environmental values are threatened. Holdren sets a limit of 

30 terawatts (TW) on the growth of world energy use, which he estimates is the maximum 

desirable level that can be provided with renewable sources alone. For Greenpeace the limit is set 

by the desire to eliminate the use of fossil fuels by 2100. In order to live within these limits, while 

                                                      
1 Box IA-3 includes the scenarios shown in IA-1 except for Cline’s, and adds new ones by Holdren and 

Greenpeace.  Cline’s scenario was not included to avoid crowding. Termination of the time horizon at 2105 

allows the main points of this section to be illustrated more conveniently. 

  
2 Appendix 1 shows that under the conventional business-as-usual assumptions used by Cline, the gap 

between the developed and the developing countries would be eliminated sometime between 2600 and 

2700, at which time mean GDP would be about $2,000,000 per household (1990 US$). 
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simultaneously reducing income inequality among countries, economic growth in the highest 

income nations must slow over the coming decades. This can be seen clearly in IA-4 and IA-5.  

In the Nordhaus and Kahn scenarios the growth rates of low income countries exceed 

those of the richer countries by little more than 1-1.5%.  The result is that only minimal progress 

is made in reducing economic inequality among countries by 2100. The Nordhaus regional 

projections are shown in IA-6. Further inspection of the Nordhaus and Kahn scenarios shows that 

economic growth in all regions slows to zero while substantial economic inequalities still exist. 

This condition is problematic, to say the least.  

The distribution of income between countries has rightly received great attention among 

global scenario modelers over the past thirty years, but the distribution of income within countries 

has received much less.3 This is a remarkable omission. Income inequality is arguably the single 

greatest source of social conflict throughout history and at the present time. Scenarios of global 

development that are intended to help inform broad world-views of the human prospect cannot do 

this unless they include projections of income distribution within countries, and describe how 

these might be expected to change under different conditions and policies.  

The topic of income inequality within countries is discussed at length in Section II.B. As 

we’ll see, empirical studies and analytic models suggest that the distribution of income tends to 

change only slowly over time, and is resistant to policy.  

This brief review suggests that there are important ways in which economic growth, 

environmental protection and distributional equity between and within countries either conflict 

with or help support one another. In the next section we present a simple regionalized world 

model that can help us study these relations in more detail.  

 

                                                      
3 Authors who have sought to model within-country income distributions over time include Chenery, 

Ahluwalia, et al (1974),  Adelman and Robinson (1978), Taylor and Lysy (1979), Chichilnisky and Cole 

(1978), Moreland (1984), and Bessant and Cole (1985). In general their projections do not show results for 

periods much longer than several decades.  
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BOX IA-5. GREENPEACE SCENARIOS OF PER CAPITA GDP GROWTH  
[Lazarus et al., 1993]  

 

Figure 1 shows reference scenario per capita GDP growth for six world regions from 1990 to 

2100 adopted by the IPCC (1990). Greenpeace modified this trajectory to give the “Equity 

Scenario” shown in Figure 2.  Under the Equity Scenario:  

 

“[W]e propose an assumption for regional income equity wherein the ratio of highest to lowest   

average income drops to 2:1by 2100, compared with the current ratio of over 14:1.  We 

maintain the IPCC90 projected regional growth rates over the next 20 years, and then 

gradually adjust them over the 2010-2100 period to achieve this increased equity objective.” 

(p 23)  

 

Figure 1. Per Capita GDP under the IPCC 1990 Reference Scenario (1985 US$) 

 

 
 

Figure 2. Per Capita GDP under the Greenpeace “Equity Scenario” (1985 US$) 
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2. MODEL A 

This section describes a model of world development that will be used to study how 

economic growth, environmental values and social equity support or conflict with one another. 

This model is called “Model A.”  

Model A shows changes in population, economic output, energy use and income 

distribution within countries over the period 1994-2150. For most purposes we use 2000 as the 

initial year of reference. Model A aggregates the countries of the world into four sectors: low-

income countries, China, middle-income countries, and high-income countries.4 Decadal rates of 

change of population, per capita output, energy efficiency and income distribution are specified 

exogenously.  

Below is a brief description of Scenario 1, the reference or business-as-usual scenario, 

that we use in the remainder of this section.  IA-7, IA-8 and IA-9 show the values of important 

variables that make up Scenario 1. All money values are given relative to 1990 US dollars. The 

equations of the model are shown in IA-10 and IA-11. Appendix 2 describes derivation of the 

initial values and growth rate projections. A complete print-out of Scenario 1 appears in IA-26 at 

the end of this section.  

* Population growth:  Population growth decreases in all sectors and world population 

stabilizes at 11.3 billion by about 2090.  

* Economic growth: Per capita GDP growth rates in the low income countries increase 

and are able to stay between 2.5% and 3% for most of the coming century, after which they 

decline. China’s current high growth rates decline over the next several decades, reaching 3% in 

2050, at which point the low income countries and China follow the same trajectory. The middle 

income countries grow at 2% for most of the next century. Growth rates for the high income  

                                                      
4 These sectors follow the classification used by the World Bank in its World Development Report (1996), 

with the exception that we show China as a separate sector, while the World Bank groups it with the other 

low income countries.  See Appendix 2, Box A2-4 for the list of countries included in each sector.  
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BOX IA-10.  MODEL A  

 

Equations of the Model  

 

 

(1)  Pi 1  =  Pi 0 ( 1 + n i 0 ) 
10   population growth  

 

(2)  yi 1  =  yi 0  ( 1 + g i 0 ) 
10   per capita income growth  

 

(3)  ei 1  =  ei 0  ( 1 + q i 0 ) 
10  changes in energy intensity  

 

(4) yi j 1  =  yi j 0  ( 1 + g i 0 ) 
10   + si j ri 0 (yi 4 0  + yi 5 0  - 2 yi 0 );        j = 1, 2, 3  

             =  yi j 0  ( 1 + g i 0 ) 
10   -  ri 0 (yi j 0  -  yi 0 );                  j = 4, 5  

               changes in income distribution  

                                                                             [see Box IA-11 and Appendix 3  

                 for discussion]   
 

(5) Gi 0 = 1.2 – [ [ 5
j = 1 ( 6 – j ) yi j 0 ] / 12.5 (yi 0 )

2]  
                Gini coefficient  

      [see Appendix 4 for discussion]  

 

Variables and Parameters of the Model 

 

P = population             (billions)  

y = per capita income  (1990 US $)  

e = energy intensity     (total terawatts/total GDP)  

G = Gini coefficient  

 

n = population growth rate                     (%/year)  

g = per capita income growth rate          (%/year)  

q = energy intensity growth rate  [<0]    (%/year)  

 

i = sectoral index:    1, 4 [low income, China, middle income, high income]  

j = income quintile: 1, 5  [Q1, Q2, Q3, Q4, Q5]  

time subscript = 0, 1, 2… = 2000, 2010, 2020… 

 

si j = redistributive proportionality factor =  (yi  - yi j ) / [3 yi  – (yi 1 + yi 2  + yi 3)]       

r   = rate of redistribution (%)  

 

Initial and Reference Scenario values are shown in Box IA-7.  Selection of initial  

values is described in Appendix 2.    
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BOX IA-11.  MODELING CHANGES IN THE DISTRIBUTION OF INCOME 
 

The equations below model changes in the distribution of income within an income sector. 

The per capita income of sector i grows at annual rate gi, compounded decadally. In the 

absence of redistributive pressure (r = 0) all quintiles share equally in this growth. At the end 

of each decade income can be redistributed from those quintiles in which income is above the 

sector mean to those quintiles in which income is below the mean. The proportion of the total 

income above the mean that is redistributed in any period is given by the redistributive 

variable r, with 0 < r  1.  The value of r can be varied by time period. Meanwhile, the 

proportionality factor s ensures that the amount which a quintile whose income is below the 

mean receives from the total amount to be distributed is proportional to the amount by which 

that quintile is below the mean. If a constant r is maintained over decades the incomes of all 

quintiles converge. The larger the value of r, the faster the convergence.  We can also show r < 

0, in which case incomes will be redistributed from those quintiles below the mean to those 

above the mean.  Appendix 3 illustrates the derivation and interpretation of the model in more 

detail.  The model is a calculatory convenience that allows scenarios to be generated showing 

changes in the level and distribution of income.  It does not embody a theory of income 

distribution.  This would require that r be made a function of other variables in the model, 

such as the growth rate g or per capita income, rather than standing as an exogenous variable.  

 

(4.1) yi11  =   yi10 (1 + gi0)10   +  si1 ri0 ( yi40 + yi50  - 2yi0 ) 

 

(4.2) yi21  =   yi20 (1 + gi0)10   +  si2 ri0 ( yi40 + yi50  - 2yi0 ) 

 

(4.3) yi31  =   yi30 (1 + gi0)10   +  si3 ri0 ( yi40 + yi50  - 2yi0 ) 

 

(4.4) yi41  =   yi40 (1 + gi0)10   - ri0 ( yi40 – yi0 ) 

 

(4.5) yi51  =   yi50 (1 + gi0)10   - ri0 ( yi50 – yi0 ) 

 

where 

 

(6) sij  =   (yi  - yij  ) / [3yi - ( yi1 + yi2  + yi3 )]   

 

(7) yi  =   1/5 yij 

 

definitions:  

yijt = per capita income of quintile j of income sector i in year t  

yit =  per capita income of the full income sector i in year t  

git = growth rate of per capita income in income sector i in year t   

sij = redistributive proportionality factor for each quintile j of income sector i 

rit = rate of redistribution for income sector i in year t  
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countries decline steadily over the next century until they reach 0.8%. They remain at this level 

through 2150. By 2100 world per capita income has reached $17,300, a level 3.7 times its level in 

1994. By 2150 per capita income has reached $31,100, a level 6.9 times its l994 level. In 2150 

per capita income is still growing, at a global rate of 1.1%. This represents a doubling time of 63 

years. In 1994 the ratio of per capita income in the high-income sector to that of the low-income 

sector is 69 to 1. By 2100 this difference declines to 19 to 1, and by 2150 it is 12 to 1.  

* Energy use:  Energy use per dollar of GDP declines steadily in all regions, but most 

rapidly in China and least rapidly in the low and middle income countries. By 2050 the rate of 

decline of energy intensity in all sectors has converged on a value of 0.5% per year, remains at 

that rate until 2100, and continues after that at a rate of 0.25% per year. Total energy use reaches 

94 TW by 2100 (8 times the level of world energy use in 1996) and 165 TW by 2150. The trends 

in energy intensity used in Scenario 1 are shown in IA-12 and are discussed further in Appendix 

2 and illustrated in Appendix Box A2-7.  IA-13 illustrates the relation between energy intensity, 

total energy use and per capita GDP.  

* Income distribution within countries:  For Scenario 1 I adopt a simple “no surprises” set 

of assumptions. In the high income countries the distribution of income does not change from its 

current values—a Gini coefficient of .32 and an 80/20 ratio of 6.5 to 1--over the 150-year time 

horizon of Model A.5 In light of recent trends this might be considered optimistic but until quite 

recently it would have been considered pessimistic. In the other three sectors income is presently 

less equally distributed than it is in the high income sector. As these three sectors grow their 

distributions of income approach that of the high income sector, matches it when their per capita 

incomes reach $10,000, and remains unchanged after that.6  In 2000 the mean incomes of the top 

and bottom quintiles in the high income countries are $54,000 and $8,300 respectively, which  

                                                      
5 See Appendix 4 for definitions of the Gini coefficient and other inequality measures.  

 
6 Changes in income distribution in the high income countries during and following World War II had 

largely stabilized by 1960, at which time per capita income was about $10,000 (1990 US $).  
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BOX IA-13.   TRADE-OFFS BETWEEN TOTAL ENERGY USE, ENERGY INTENSITY 

AND PER CAPITA GDP  

 

The diagram shows levels of per capita GDP, energy intensity (in watts/$GDP) and total energy 

use (in terawatts) that can be realized at a point in time.  The values shown assume a population 

of 11 billion, and are consistent with the Reference Scenario for the period around 2040.  

 

Suppose that at a point in time we are using 30 terawatts of energy, at an intensity of .50 

watts/$GDP.  This supports a per capita GDP of about $5,500.  Suppose too that we plan to 

double per capita GDP, to $11,000, by growing at an average of 1.5% per year over 46 years.  

We would need to either double total energy use, from 30 to 60 terawatts, or cut energy 

intensity in half, from .50 to .25 watts/$GDP, or achieve some other combination of higher total 

energy use and lesser energy intensity shown on the trade-off surface of the diagram.  

 

 

 

 
The diagram was produced with Mathematica software using settings as follows:  

 

In [63]: = enggdp: = {{.531, .708, l885, 1.062}, {.265, .353, .442, .531}, {.177, .236, .295, .354}, 
{.133, .177, .221, .265}, {.106, .142, .177, .212}, {.088, .118, .147, .177}, {.076, .101, .126, .152}, 
{.066, .088, .111, .133}} 
ListPlot3D [enggdp]    -   Show [q, ViewPoint -> {-1.3, 2.4, 2}, Meshrange -> {{30, 60}, {5, 40}}, 
Axeslabel -> {“Terawatts”,  “pc GDP”,  “W/$GDP.”}] 
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gives an 80/20 ratio of 6.5. By 2150 these grow to $274,000 and $42,000; the 80/20 ratio is 

unchanged. The low income countries start out in 2000 with top and bottom mean incomes of 

$876 and $113, which represents an 80/20 ratio of 7.7.  By 2150 these incomes have grown to 

$25,525 and $3,906. The 80/20 ratio now matches the 6.5 value of the high-income countries.  

Evaluation and Discussion  

Let’s assume for the moment that most people would prefer to live in a world where 

economic growth continues at some steady pace, a healthy environment is maintained, and 

economic inequality, both between and within countries, does not exceed some acceptable level. 

Does Scenario 1 reflect these preferences? Put somewhat differently, are there reasons we would 

want to have the world develop in a manner other than as shown in Scenario 1?  

Clearly, different people would answer this question in different ways.   

Some people, perhaps especially those from high-income countries, might object that the 

annual rates of per capita income growth shown for that sector, which for most decades lie 

between 0.8% to 1.8%, are too low. They’d like to see growth rates of at least 2.2% (this is the 

non-inflationary growth rate target identified by the U.S. Council of Economic Advisors in 1995) 

and preferably closer to the 3.5-4% rates that the industrial nations maintained or exceeded for the 

two decades after WWII.  

Other people, perhaps especially those from lower income countries, might object that the 

rate of per capita income convergence between the rich and poor nations is too slow. If the 

growth rates shown in 2150 were to continue unchanged, convergence would take place in about 

2500. People who find this unsatisfactory might want to see steady per capita income growth 

rates in the lower income countries of at least 4 to 5 percent per year.  

Still others – for example, environmentalists -  might be concerned about the high level of 

energy use that Scenario 1 shows--14 times today’s level in 2150--even given the steady 

improvement in energy efficiency that the scenario incorporates. They might propose that strong 
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efforts be made to increase energy efficiency even further, and if necessary, that we learn to live 

at levels of material consumption below those projected in Scenario 1.  

Finally, others might object that the level of income inequality within the high income 

countries today is hardly acceptable as a final goal, whether to be maintained by the high income 

countries or aspired to by others. They might call for measures that, for example, would reduce 

the 80/20 ratio in the high income countries (and thereafter in the rest of the world) from its 

current value of 6.5 to 1 to something in the neighborhood of 3 to 1, which is the ratio achieved in 

several Scandinavian countries and in the Soviet Bloc before its dissolution.  

It is clear that an attempt to realize all these preferences would be conflictual, but it is not 

clear how serious these conflicts are.  In the next section we use Model A to explore how close 

we can come to realizing sets of these preferences.  

I.A.3. ALTERNATIVE SCENARIOS  

Suppose we wish to achieve a lower degree of environmental degradation and a higher 

degree of economic equality, both among and within countries, than is shown in Scenario 1. What 

scenarios might enable this to happen?  

As our goal for limiting environmental degradation, let’s use Holdren’s goal in which 

world energy use does not exceed an upper limit of 30 TW. This represents nearly a 3-fold 

increase over today’s 11 TW.  

Let’s set 2150 as the year by which we wish to have achieved equality of per capita 

incomes among countries. 

Finally, let’s say that by 2150 we want the distribution of income in all countries to be 

such that the ratio of mean per capita incomes received by the top and the bottom quintiles is no 

greater than 2.5 to 1.7 

                                                      
7 This is about as close to complete distributional equality as might reasonably be believed to be 

practicable. A distribution in which all quintiles receive equal incomes would not allow for income 
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We’ll approach our set of goals incrementally, changing only a few assumptions at a time 

over the course of four policy scenarios. This approach helps us understand the relative impact of 

each goal as part of the total package.  

Scenario 2:   

a) faster growth in developing countries  

b) greater energy efficiency 

 

In Scenario 2 we assume a) that the growth rate of per capita GDP in the low and middle 

income countries, and China, can increase to and be maintained at 4-5% per year for most of the 

coming century. We also assume b) that energy intensity declines along the high efficiency path 

described in Table 2 of Box A2-7 in Appendix 2.   

The results of implementing Scenario 2 are shown in IA-14, IA-15 and IA-16. World 

GDP in 2100 is $469 trillion, 2.4 times greater than the value shown in Scenario 1. The gap 

between the high income and the low income countries is reduced quite dramatically, from a ratio 

of 73 to 1 in 2000 to a ratio of 1.4 to 1 by 2150. If the rates of per capita GDP growth shown in 

2150 were to continue unchanged the gap would be completely closed after another 50 years. At 

that time the per capita income of all countries would be $209,000, (43 times the per capita 

income in 2000) and would be growing at close to 1.5% per year.  

Under Scenario 2 we find that global energy use in 2100 is 73 TW (down from 94 TW in 

Scenario 1) and in 2150 is 136 TW (down from 165 TW). These are improvements but are still 

quite far above our goal of 30 TW.  Higher rates of energy efficiency improvement have been 

largely offset by higher rates of economic growth. At the end of 2150 we show world energy 

intensity decreasing by 0.5% per year in all sectors and world per capita GDP increasing at 1%. 

This means that at the end of our time horizon energy use is increasing at 0.5% per year, which, 

although slow, nonetheless represents a doubling time of 139 years.  

 

                                                                                                                                                              
mobility over the course of a lifetime as experience and skills increase. In any event, a ratio of 2.5 to 1 is 

consistent with a case in which life-time incomes are identical among all persons.  
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Under Scenario 2 the quintile income shares in each sector are unchanged from their 

Scenario 1 values. However, the absolute difference between quintiles in the three developing 

country sectors increases markedly, as seen in IA-16. In the low income countries, for example, 

the absolute difference between the highest and lowest quintile in 2150 was $21,600 in Scenario 1 

but $165,000 in Scenario 2.  

Scenario 2 represents the conventional responses to the challenge of economic inequality 

among nations--“increase per capita incomes in the developing countries”--and of environmental 

sustainability--“increase the efficiency of resource use.” The results are encouraging in some 

ways but disconcerting in others. We’ve come very close to our goal of eliminating economic 

inequality among the countries of the world. The distribution of income within the developing 

countries has improved, but is unchanged in the high-income countries and still far from our goal. 

Total energy use is still 4.5 times higher than our goal of 30 TW, despite considerable 

improvements in energy efficiency.  

Scenario 3:   

a) faster growth in developing countries 

b) maximum practicable energy efficiency  

c) slower population growth 

d) slower growth in high income countries 

 

Scenario 3 modifies Scenario 2 by assuming that population will stabilize in mid-century 

at 9 billion rather than at 11 billion.8 Scenario 3 also assumes that per capita GDP growth in the 

high and middle income countries slows at rates sufficient to allow the low income countries to 

catch up by 2150. Energy intensity declines along the “maximum practicable” energy efficiency 

path, shown in Figure 2 of IA-12 and described further in Appendix Box A2-7.  

                                                      
8 A stable world population of 9 billion in the second half of the next century is the low projection made by 

IIASA (1994). 
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Results for Scenario 3 are shown in IA-17, IA-18 and IA-19.  Per capita GDP in 2150 is 

$82,000, in all four sectors. For the high income countries this is 40% less than they would have 

been realized under Scenario 2, but it is still 3.4 times the income they received in 1994.  

In Scenario 3 energy use in 2150 is 61 TW. This is a dramatic improvement over the 136 

TW of Scenario 2 but still double our goal of 30 TW.  

Scenario 4:  

a) faster growth in developing countries 

b) maximum practicable energy efficiency 

c) slower population growth  

d) slower growth in high income countries  

e) greater income equality within countries 

 

In Scenario 4 we keep the per capita GDP growth and energy-efficiency improvement 

rates used in Scenario 3, but also model a reduction of income inequality within each of our four 

country sectors, using the procedure explained in IA-11.9 Our goal is to reduce the 80/20 ratio of 

the high income countries, currently 6.5, to 2.5 by 2150. As noted earlier, the developing 

countries will approach the 80/20 level of the high income countries at a rate proportionate to the 

convergence of their per capita incomes. We make the simplifying assumption that the rate of 

growth of per capita GDP is invariant to changes in the distribution of income within the ranges 

shown in this exercise.10  

Boxes IA-20 and IA-21 shows how Scenario 4 compresses the quintile distributions in all 

four country sectors. In Scenario 3 the mean incomes of the top and bottom quintiles of the high 

income countries in 2150 are $164,000 and $25,000 (a ratio of 6.5 to 1) but in Scenario 4 these 

are $126,000 and $50,000 (a ratio of 2.5 to 1). In Scenario 3 all quintiles in each sector grow at  

                                                      
9 At this point the cause of this improvement in the distribution of income need not be specified. It could be 

the result of policies of direct redistribution of income from high to low quintiles, of greater support for 

education and training of low income workers, of market forces unaccounted for in Scenario 1, or of other 

causes. 

  
10 The important topic of the relation between levels and rates of economic growth and economic inequality 

is discussed at length in Section II.B.2.  The discussion there supports the simplifying assumption used 

here.  
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the same rate, but in Scenario 4 the higher income quintiles grow more slowly and the lower 

income quintiles grow more rapidly. For example, in Scenario 3 the growth rate of per capita 

income at the end of our study is 0.5% for all quintiles, but in Scenario 4 the rates are 0.76% for 

the lowest quintile and 0.63%, 0.54%, 0.46%, and 0.33% for the others, in ascending order.  

Scenario 5:  

a) faster growth in developing countries 

b) maximum practicable energy efficiency  

c) slower population growth  

d) slower growth in high income countries  

e) greater income equality within countries  

f) zero output growth by 2150 

 

In Scenario 4 we found that we are able to meet most of the conditions for a desirable 

world that we specified at the beginning of this exercise, at least through the year 2150.  

However, we were not able to reach our goal of stabilizing energy use at 30 TW – the 

best we could do was 61 TW.  

Scenario 5 models a world in which energy use can be sustained at about 30 TW after 

2150.  To achieve this we increase the rate of decline of the growth rate of income of the high 

income countries, such that by 2050 it reaches zero. The developing countries continue to grow 

for the rest of the century in order to achieve economic equality, but later in the century growth in 

these countries begins to slow as well, and zero economic growth is reached by 2150 or earlier. 

No other modifications of Scenario 4 are made.  

Boxes IA-22, IA-23 and IA-24 show the results. World energy use stabilizes at 33 TW, 

which is close enough, for the purposes of this exercise, to our goal of 30 TW. Per capita income 

stabilizes at $45,000. This is certainly less than the $106,000 we achieved in Scenario 2, but it is 

still 10 times the current world per capita income figure of $4,500, and indeed twice as much as 

the current per capita income of the top quintile in the high income countries ($23,671). Per 

capita income is the same in all four sectors. Within countries the 80/20 ratio is 2.5 to 1. Per  
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capita income for the top quintile in all sectors is about $70,000 and for the bottom quintile about 

$28,000.  

It is important to note that in this scenario the top income quintile undergoes an absolute 

reduction of income, not just a relative one.  In the high income countries this begins in 2050, 

when per capita incomes in the top quintile are $84,000, and declines to $70,000 by 2150, a 

decrease of 17%.  In the developing countries this decline doesn’t begin until the final decades 

before 2150, and is proportionately much smaller. This absolute reduction in top quintile incomes 

is an arithmetic necessity if we desire both a level of output consistent with a 30 TW world and 

distributional equity of the degree reflected in an 80/20 ratio of 2.5 to 1. Note that during the 

period that the incomes of the top quintile in the high income countries are declining, those of the 

lower quintiles are still increasing. This is precisely the relation that we would expect if 

distributional equity is increasing at the same time that per capita output growth has come to an 

end.  

Is it realistic to expect that upper quintile households would agree to the protracted 

reduction in their absolute levels of income shown in Scenario 5? I don’t know.11 Is there any 

way that this feature of Scenario 5 could be avoided? Yes, but there is trade-off.  IA-25 displays 

the high-income country income growth trajectories for Scenario 6, which achieves all of the 

same final goals that Scenario 5 does but does so without requiring that the top income quintiles 

undergo any absolute reduction of income.12 We see that in order for this to happen, the gap 

between the top and bottom quintiles must be reduced much more rapidly than in Scenario 5. 

Rather than wait until 2050 for significant redistributive policies to come into force, they would  

 

                                                      
11 We discuss public opinion and values concerning economic inequality, well-being and growth at length 

in Sections II.B.4 and II.C.3. 

 
12 Under Scenario 6 the per capita GDP growth trajectories for the low income countries, China and the 

middle income countries are very similar to those shown in Box IA-24, except that the final per capita 

income level of the top quintile--$70,000—is approached and achieved monotonically, in the final two or 

three decades before 2150.  
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need to be in effect in the very first decades of the 21st century, and we would need to have 

achieved our stated distributive goals (for the high income countries) by 2050, not 2150.  

Scenarios 5 and 6 end in 2150 with steady-state levels of both resource use and per capita 

GDP. It might be objected that continued efficiency gains, beyond the 500% improvement 

already assumed, could allow per capita GDP to continue to grow, even while resource 

throughput remains constant. This is true. But if we showed such growth, the objection could be 

raised that we were simply refusing to acknowledge that there must be some limit to the ability of 

a constant flow of resources to generate increasingly greater quantities of output, and that by 

doing so we were avoiding having to deal with the profound social and political implications of 

any scenarios that call for a steady-state level of resource use. This tension is a set-piece of the 

growth/environment discourse, and is irresolvable analytically. The critical questions involve our 

expectations and values concerning the nature of technological change. These topics are 

discussed at length in Section II.A.3,  in Section II.E, and throughout the text. For the time being 

we leave Scenarios 5 and 6 with steady-state levels of both throughput and output, for the express 

purpose of forcing us to engage the social and political challenges that such scenarios present.  

I.A.4. ASSESSMENT 

The purpose of this exercise was to find out what it would take to achieve a 30 TW world 

in which inequality among countries has been eliminated and inequality within countries has been 

reduced to the level represented by an 80/20 ratio of 2.5, within the next 150 years.  

We found that such a world could be achieved if energy efficiency improves along the 

maximum practicable path shown in Figure 2 of IA-12, if population stabilizes at 9 rather than 11 

billion, if the low income countries grow at per capita rates of 4-5% for most of this century and 

then reduce their growth rates to zero over the following half century, if the high income 

countries are willing to reduce their rate of economic growth to zero by the middle of this 

century, and if households in the top income quintile of the high income countries are willing to 
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undergo an absolute reduction of their incomes of 17% over the century beginning in 2050. The 

more rapidly income inequality is reduced, the more easily the top income quintile in the high 

income countries will be able to avoid an absolute income decline.  

Clearly, this exercise is the beginning of an inquiry, not the end. Are the assumptions 

concerning energy efficiency improvements and population growth too pessimistic, or maybe too 

optimistic? What would it take, practically, for the lower income countries to achieve the high 

growth rates shown in Scenario 5?  

In our exercise, energy use served as a proxy for a wide range of threats to the 

environment. How might a fuller analysis of potential environmental dangers change our results? 

Are there biogeophysical limits that might enforce an end to economic growth, perhaps 

catastrophically?  If so, are these limits close enough to motivate important changes in our lives, 

or are they so distant that we can afford some period, perhaps a very long period, of conventional 

output growth?  

Are there limits to the ability of technology to generate, decade after decade, the product 

and efficiency innovations that enable output to grow?  If there are, then economic growth would 

slow to a stop on its own accord.  How close to or far from such limits might we be?  

How credible is our assumption that there is little dynamic relation between economic 

growth and economic inequality? This assumption cries out for more study. If continued growth 

tends to generate greater inequality then our desires to protect the environment and to ensure 

economic justice could reinforce one another. If continued growth tends to generate greater 

equality then these desires may be in conflict. But the degree of economic inequality might itself 

have an impact—either positive or negative--on the rate of economic growth. In that event the 

question of how the several values we are juggling might reinforce one another, or work against 

one another, becomes very complicated.  

Finally, what would it take for the high income countries to agree to bring their economic 

growth to an end within the next 50 years, and for the top 20% of income earners to agree to a 
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reduction of their incomes? What would it take for all of humankind to agree to stable incomes as 

of 2150?  

These are just a few of the questions that we try to provide answers for in Section II of 

this exercise. But before we do that, we need to expand and enrich the quantitative scenarios 

developed in this section by considering a number of important political, social and cultural 

factors that bear on our concerns for economic well-being, ecological integrity and social equity.   
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THIS BOX AS SUPPLIED SEEMS WRONG 

 


