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GloBal DEVElopMEnT DrIVEr

The growing divergence 
in population trends 
and concerns
New IIASA world 

population projections 

for the 21st century N
ot surprisingly, the global demographic landscape is difficult for many people to comprehend. 
In some parts of the world, rapid population growth continues to be a major source of 
concern, with populations likely to triple in some places over the course of this century. In 
some areas—predominantly Eastern Europe—the population has actually started to decline, 
causing great concern among governments and the public there.

2001 PrOjECTIONS “The End of World Population Growth,” the set of probabilistic world population 
projections published by IIASA’s World Population Program (POP) in Nature in 2001, was generally greeted 
as good news for the planet. According to POP’s research, the clearly unsustainable growth in human 
numbers in a finite environment would reach a benign end through voluntary family limitation rather than 
the often-predicted Malthusian check of increasing death rates. While the findings were cause for optimism 
at the global level, they were partly misinterpreted. In fact, some people believed that population concerns 
at the regional and national level were now no longer justified.

Nothing could be further from the truth. Indeed, for different reasons in different parts of the world, 
concern over population is rising. In Africa, there is mounting evidence that continuing “explosive” 
population growth is a key obstacle to the eradication of poverty and to improving education. At the same 
time, countries with rapidly aging and shrinking populations worry that their social security systems will 
be overburdened and that the welfare of their citizens is at risk. This bifurcation in terms of demographic 
trends and associated concerns has actually become more pronounced since 2001. 
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reconstructing and projecting the population by level of educational attainment

IIASA’s World Population Program has pioneered methods of multi-state 
population projections that it has recently applied to modeling the dynamics 
of growing human capital.

In this methodology, the population is structured by the level of educational 
attainment in addition to age and sex. The fact that people with different levels of 
education tend to have different levels of fertility and mortality is also taken into 
account. POP has finished a reconstruction of the populations of 120 countries for the 
period 1970–2000 for four educational attainment categories by 5-year age groups 
of men and women. This fully consistent and very detailed new dataset is, in several 
respects, superior to other datasets that have been used to estimate macro-level 
economic returns to education. Indeed, the first applications of global economic 
growth regressions to these new data have already shown the consistently positive 
and significant effects on rates of economic growth of improving the educational 
status of the working age population.

The methods are currently being applied to produce policy-relevant scenarios 
on future educational attainment distributions for all countries. The figures here 
illustrate one such application for IIASA’s new member country, Pakistan.

Pyramid (a) shows the age pyramid by level of education for 1998, the year of the 
last census. This pyramid is a comprehensive reflection of recent demographic and 

education trends in Pakistan. It shows a very young population age structure with 
children aged 0–4 being the largest age group because of continued high fertility. 
It also shows the education of the younger generations improving in quality, 
with the majority of the adult population lacking any formal schooling. This is 
particularly true of women and is due to a major gender gap in education.

Pyramids (b) and (c) show alternative scenarios for the year 2048. Pyramid (c) 
assumes that school enrollment rates remain constant at their current level, and 
Pyramid (b), which extrapolates from the recent improvement trend, assumes 
continued improvements in school enrollment. It is interesting to see that even 
the constant enrollment scenario results in a significantly better educated adult 
population over the coming decades. There is a great momentum in improvements 
in the educational structure where education is concentrated at young age, but it 
takes decades before the better educated young cohorts move up the age pyramid 

and take the place of the less educated elderly. Hence, the recent improvements 
in education among younger Pakistanis have laid the basis for a better educated 
future adult population, even if enrollment rates do not improve further. However, 
the human capital in Pakistan in 2048 looks much better if the trend of educational 
expansion continues, as is shown in the other pyramid.

A comparison of the pyramids of 1998 and 2048 also illustrates the massive 
population growth that Pakistan is likely to experience. Its population size is 
projected to increase from 136 million in 1998 to around 290 million in 2048, 
more than doubling. A comparison of Pyramids (b) and (c) also shows that the 
pyramid is somewhat broader at the bottom in the case of constant enrollment 
rates than in that of continued improvements in education. This is because 
less educated women have higher birth rates than more educated women, and 
this results in more children in the case of no further improvements. But the 
interaction goes both ways. High fertility also makes it more difficult for the 
education system to enroll the rapidly increasing number of children in school. 
Hence in Pakistan—as in many other countries, particularly in Africa—declines 
in fertility through improved reproductive health services will also make it easier 
to meet the national and international education targets. This is also illustrated 
in the chart, which gives the number of women without any formal education 
under alternative scenarios. In addition to the two scenarios described above 

they show two others in which the more pessimistic assumption is made that the 
education system can only keep the absolute number of students constant and 
will not even be able to absorb a constant proportion of the increasing number of 
children. The fourth scenario combines this with the assumption of an exogenous 
fertility decline. It shows that even under the pessimistic education assumption 
this fertility decline will contribute to improving the educational profile of the 
adult population in the longer term because a higher proportion of the fewer girls 
will have a place in school.

Demographic trends and improvements in educational composition are not only 
closely dependent on each other, but also follow the same laws of population 
dynamics. This is why IIASA’s World Population Program for the period 2006–2010 
has chosen a research focus on human capital. We will soon publish the world’s 
first global education projections in addition to our probabilistic projections. +

POPuLATION PyrAMIDS FOr PAkISTAN (a) By age, sex, and level of education, 1998; (b) Continuation of improving trend scenario, 2048; (c) Constant enrollment scenario, 2048.
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NEW PrOjECTIONS In mid-2007 POP produced a new set of world 
population projections using the same long-term assumptions about 
the future levels of fertility, mortality, and migration as in the 2001 
study, but incorporating all the new empirical evidence that has 
become available between 2001 and now.

Trajectories of population growth have a strong path 
dependence. Thus, an extra six years of empirical trends at the 
beginning of the century have the potential to greatly influence 
the range of likely outcomes by the end of it. The new results 
show that there are indeed significant changes in the outlook for 
certain regions, but as these go in opposing directions and partly 
offset each other, the aggregate results at the global level remain 
amazingly stable.

The probability that world population will peak during this 
century has increased marginally. The period during which the 
median of the projections reaches a peak (around 2070) and the level 
of this peak (around 9 billion people) remain virtually unchanged.
As Figure 1 indicates, by the middle of the century, the 80 percent 
uncertainty range for world population is 7.8 to 9.9 billion. By 2100 it 
further broadens to 6.2–11.1 billion. In other words, there is a more 
than a 10 percent chance that the world population in 2100 will be 

smaller than it is today and an equal chance it could be more than 
11 billion. However, a further doubling of world population from 
currently 6.6 to 13.2 billion is seen as extremely unlikely (a less than 
2 percent chance) from today’s perspective.

rEgIONAL SHIFTS This global picture, however, hides several 
important regional shifts. Because of continued very low fertility or 
further fertility declines in some regions that already had low fertility, 
Eastern Europe and the China region are now shown by the POP 
research as having lower population growth than was projected 
in 2001. This is offset at the global level by higher anticipated 
population growth in sub-Saharan Africa.

In the latter, two interesting recent developments have critically 
changed the earlier assumptions made by all international forecasting 
agencies. First of all, the fertility decline seems to have stalled in a 
number of important African countries. This coincides with an actual 
decline in the level of schooling of young adults and worsening 
health care and family planning services. Second, fewer people than 
anticipated are dying of AIDS. This has less to do with the rapid spread of 
anti-retroviral treatment in parts of the continent than with a significant 
downward correction of the estimates made by UNAIDS of the numbers 
of people infected with the virus. Put together, a higher starting level of 
fertility plus a lower level of mortality result in higher population growth, 
even when the long-term assumptions are left unchanged.

AFrICA’S POPuLATION TO DOuBLE As Figure 2 shows, Africa’s 
population will almost certainly more than double from its current 
level of around 740 million. Because of the great longer-term 
uncertainties surrounding the future speed of fertility decline and 
the possible new health crises under the very poor development 
conditions anticipated, the 95 percent range by the end of the 
century is very broad, from a low 1.1 billion to a very high 3.3 billion. 

The central 20 percent range is 1.9–2.2 billion by 2100. Two factors 
will in all likelihood keep Africa at the bottom of world development 
unless some trends change radically in the near future: continued 
very rapid population growth together with stagnant or declining 
educational attainment levels (partly as a consequence of rapidly 
increasing numbers of children), and the additional environmental 
and agricultural problems likely to be caused by climate change.

EASTErN EurOPE’S POPuLATION SHrINkINg Eastern Europe 
and the European part of the former Soviet Union lie at the other 
extreme. The political changes that took place in 1990 triggered a 
precipitous fertility decline, together with some mortality increase, 

Figure 1. Total population of the world, in billions. Figure 2. Sub-Saharan Africa population, in millions.

To
ta

lP
op

ul
at

io
n

12

10

8

6

4

2

2000 2010 2020 2030 2040 2050 2060 2070 21002080 2090
Year

Fractiles

0.975

0.9

Median
0.6

0.4

0.1

0.025 To
ta

lP
op

ul
at

io
n

3500

3000

2500

2000

1500

1000

500

Fractiles

Median

0.9

0.6

0.4

0.1

0.025

0.975

2000 2010 2020 2030 2040 2050 2060 2070 21002080 2090
Year



1�winter 2007 + optionswww.iiasa.ac.at

to include not only uncertain future paths but also uncertain starting 
conditions above the range just indicated. But as the median of this 
range is still 0.4 children lower than the earlier assumptions, the 
new outlook for China shows more rapid population aging and 
shrinkage than just a few years ago, again under the same long-
term assumptions. As Figure 4 shows, after an initial increase China’s 
population is likely to be back down to its 2000 level during the 
2040s and then, by the end of the century, possibly almost down 
to half the 2000 level.

Population projections have traditionally assumed that all countries 
of the world, after passing through the demographic transition, will 
converge demographically. This has been most obvious in the long-
held United Nations assumptions that all countries would converge 
to replacement-level fertility and eventually even to the same level 
of life expectancy; moreover, as a result, demographic differentials 
around the world would disappear.

But on a global level the demographic trends have seen little 
convergence over the past decades. In fact, over the past few 
years there has been outright divergence. Regions with already low 
fertility have seen further declines, and regions with high fertility 
have shown lower than expected declines. The high level of path 

dependency inherent in population growth has already produced 
a more heterogeneous demographic picture for the twenty-first 
century. Based on these trends one may also have to rethink, among 
other things, some of the longer term socio-economic scenarios 
used for the analysis of climate change. A world where there is 
little international cooperation may not necessarily be a world 
with a higher population; it may be a world with rapid population 
shrinkages in some areas and explosive growth in others. +

Further information IIASA’s World Population Program at 
www.iiasa.ac.at/Research/POP

Professor Wolfgang Lutz is the leader of IIASA’s World Population Program. 
Professor Warren Sanderson and Dr. Sergei Scherbov are senior 
research scholars in IIASA’s World Population Program.

particularly among men. However, these regions already had a fairly 
old age structure. In 2001 it was assumed that these extremely 
low levels of fertility (in some cases close to half the replacement 
level) were only a temporary distortion. Since then, there has been 
continued low fertility (together with significant out-migration in 
most of the countries). This has distorted the age structure to such 
an extent that even in the unlikely event of a return to replacement-
level fertility, there would be a population decline because fewer 
and fewer women are entering reproductive age. In 2001 we were 
already projecting a significant shrinkage for these regions. However, 
as is evident from Figure 3, the shrinking is faster and more dramatic. 
A reduction over the coming decades is a near certainty, and the 
population size is likely to decline to less than half its current level 
by the end of the century.

CHINA: FIrST grOWTH THEN SHrINkAgE Finally, China as a region 
is a very interesting case. It combines near certain population growth 
in the next decades with almost certain population decline in the 
longer run. As shown in Figure 4, the history of quite high fertility 
followed by a very steep fertility decline has resulted in an age 

structure where age groups of people of reproductive age are still 
increasing. Currently, this implies some further population growth 
to around 1.5 billion in the 2020s before a lasting population decline 
will begin.

The population outlook for China is made more uncertain 
because there is no consensus among experts as to what the current 
level of fertility is. In 2001 the general agreement was that the total 
fertility rate was around 1.9. Since then, there has been mounting 
evidence that even at the time of the 2000 census it was already 
much lower—somewhere in the 1.2 to 1.8 range, with the best 
guess at around 1.5.

To cope with this uncertainty regarding the world’s most 
populous country, POP chose to expand the probabilistic approach 

Figure 3. Eastern European population, in millions. Figure 4. Population of China and Cambodia, Hong Kong, Laos, Mongolia, 
North Korea, Taiwan, Vietnam, in billions.
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