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Demographic Transition

The starting points of these demographic paths differ somewhat. India had
higher initial fertility and mortality than Europe, as did the Least Developed
Countries relative to the Less Developed Countries in 1950, which in turn had far
higher mortality and fertility than the More Developed Countries in that year.
Except for India, the starting points all indicate moderate (for Europe) to rapid
(for Least and Less Developed Countries) population growth. But in all cases, the
initial path is horizontally to the right—most strikingly for India—indicating that
mortality decline preceded fertility decline, causing accelerating population growth

Figure 3
Life Expectancy and Total Fertility Rate with Population Growth Isoquants: Past
and Projected Trajectories for More, Less and Least Developed Countries

Sources: Historical and Middle Series forecasts for Least, Less and More Developed Countries are
taken from the United Nations (2003). Data for India are taken from Bhat (1989) for the period
1891–1901 to 1941–1951, and from the United Nations (2003) for the period 1950–1970. Data for
Europe are based on Tables 6.2–6.5 in Livi-Bacci (2000) for the period 1800–1900 and Mitchell
(1975) for the period 1900–1950. For the period 1800–1900, European total fertility rate and e(0)
are derived as a population-weighted average of country-specific data. Where unavailable, these data
are estimated based on regression using the crude birth rate and death rates to predict total fertility
rate and e(0), respectively, for other European countries in this period. For the period 1900–1950, a
single series of crude birth rates and death rates for all Europe are assembled. A regression based on
data from 1900 to 1950 is used to predict total fertility rate and e(0) based on the crude birth rate
and death rate, respectively. The growth isoquants are derived from Coale and Demeny (1983) using
the Model West Female life table when the mean age of childbearing is 29.

Ronald Lee 177

Lee, Ronald D. (2003). The Demographic Transition: Three Centuries of Fundamental Change. Journal
of Economic Perspectives, 17(4), 167-190
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World Population Size

6 Seven Billion and Growing: A 21st Century Perspective on Population

Figure 1 : The world population according to different projection 
variants, 1750-2100

Source: United Nations Department of Economic and Social Affairs, Population Division (2011). World 
Population Prospects: The 2010 Revision, http://esa.un.org/unpd/wpp/index.htm

Figure 2 :Average annual rate of population change for the world 
according to different projection variants, 1750-2100

Source: United Nations Department of Economic and Social Affairs, Population Division (2011). World 
Population Prospects: The 2010 Revision, http://esa.un.org/unpd/wpp/index.htm

Figure 3 :Estimated and projected total fertility for the world according to 
different projection variants, 1950-2100 (children per woman)

Source: United Nations Department of Economic and Social Affairs, Population Division (2011). World 
Population Prospects: The 2010 Revision, http://esa.un.org/unpd/wpp/index.htm
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World Population Growth

6 Seven Billion and Growing: A 21st Century Perspective on Population

Figure 1 : The world population according to different projection 
variants, 1750-2100

Source: United Nations Department of Economic and Social Affairs, Population Division (2011). World 
Population Prospects: The 2010 Revision, http://esa.un.org/unpd/wpp/index.htm

Figure 2 :Average annual rate of population change for the world 
according to different projection variants, 1750-2100

Source: United Nations Department of Economic and Social Affairs, Population Division (2011). World 
Population Prospects: The 2010 Revision, http://esa.un.org/unpd/wpp/index.htm

Figure 3 :Estimated and projected total fertility for the world according to 
different projection variants, 1950-2100 (children per woman)

Source: United Nations Department of Economic and Social Affairs, Population Division (2011). World 
Population Prospects: The 2010 Revision, http://esa.un.org/unpd/wpp/index.htm
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Increasing well-being despite rapid population growth
attributed to six factors:

I Market responses

I Innovation

I Globalization

I Urbanization

I Fertility decline

I Investments in children and child quality
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Population and Food

Real agricultural prices and world population, 1900–2010

Real agricultural prices have fallen since 1900, even as world
population growth accelerated

Improving agricultural productivity has been the world's primary
safeguard against the needs of a growing population outstripping
the ability of man and resources to supply food. Over the past 50
years, global gross agricultural output has more than tripled in
volume, and productivity growth in agriculture has enabled food to
become more abundant and cheaper. In inflation-adjusted dollars,
agricultural prices fell by an average of 1 percent per year
between 1900 and 2010, despite an increase in the world's
population from 1.7 billion to nearly 7.0 billion over the same
period. Nonetheless, food prices have been rising since around
2001. This has renewed concerns about the pace of agricultural
productivity growth. If productivity growth slows, then more
resources--land, labor, energy, fertilizers, and other inputs--would
be needed to meet rising demand, raising the cost of food. This
chart appears in "New Evidence Points to Robust But Uneven
Productivity Growth in Global Agriculture" in the September 2012
issue of ERS's Amber Waves magazine.

Share or Save this Page

Economic Research Service

United States Department of Agriculture

USDA ERS - Chart: Real agricultural prices have fallen since 1900, even... http://www.ers.usda.gov/data-products/chart-gallery/detail.aspx?chartId...

1 of 2 7/3/2013 2:12 AM
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Taxonomy of Population Q&Q

Population Quantity and Quality, Looking Forward from 2014

Late Stages in DT and Population Quantity
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Education

Education is accumulation of knowledge

I Education occurs in many venues

I Education also occurs over the life cycle

I Emphasis heavily on one form of education, formal
schooling

I Most information on formal schooling, some on early
childhood development (ECD)

I Schooling enrollment has expanded impressively, although
quality problems remain
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GDP Growth by Education
GDP Growth by Educational Attainment

1048

POLICYFORUM

deficiencies in the series of education data

(3, 4, 7). Also, averaging education attain-

ment data over longer horizons has led to

more consistent patterns (8), which highlights

the importance of measurement problems in

the previous data.

Using our new educational attainment data

by age groups, we estimated simple growth

regressions based on 5-year periods for a

panel of 101 countries for which all the neces-

sary economic and education data exist over

the period 1970–2000. It has a fair representa-

tion of all continents (9). These new data allow

us to use the education levels of different age

groups as potential determinants of economic

growth. The results show consistently posi-

tive, statistically significant education effects

on economic growth for some age and edu-

cation groups (9) and, hence, make the puz-

zle disappear.

In our model, human capital by broad age

groups enters production both as differenti-

ated labor force inputs and through the

absorption rate of new technologies, which, in

turn, depends on the interaction between

human capital and distance to the technologi-

cal frontier [see (5) for a similar approach].

The effect of education on labor force partici-

pation is assumed to be specific to each age

and education group and constant over time.

The model is described, related to the litera-

ture, and justified in detail (9).

The implications of the results and the

value added by the new data set are illus-

trated by simulating four scenarios based on

estimated coefficients (see figure below,

table S1, and the discussion in the support-

ing online text). These four roughly resem-

ble alternative hypothetical education policy

strategies for a poor African country. In

these simulations, we focus on the fact that

economic growth is determined by the adop-

tion of new technologies, and that the size of

the effect depends on the income level of the

country under study, because countries that

are further away from the technology fron-

tier are able to profit more [in terms of Gross

Domestic Product (GDP) growth] from this

channel of the education-growth link.

The figure above presents the average

annual GDP growth rates corresponding

to different education level distributions.

Scenario 1 presents the reference case of a

country with a young age structure (70% of

the population in the 15- to 40-year-old group

and 30% in the 40- to 65-year-old group), a

low starting level of income and investment

rate and the following educational structure:

half of the population without any formal

schooling, 40% with some primary and 10%

with at least completed junior secondary

school (but no tertiary education). The educa-

tion groups used in the analysis (no educa-

tion, primary, secondary, and tertiary) are

nonoverlapping. This roughly fits the demo-

graphic structure of some Latin American

and African countries in our sample, e.g.,

Guatemala, Honduras, Kenya, Rwanda or

Uganda. On the basis of the estimated model,

such a country would have rather slow eco-

nomic growth. Scenario 2 considers the oth-

erwise identical country under the hypotheti-

cal assumptions that it has for long met MDG

goal 2 and that the previously uneducated half

of the adult population now has primary edu-

cation. This case would lead to somewhat

higher average growth of GDP. Scenario 3

considers a possible new MDG effort that

adds widespread secondary education (we

assume here 50% of the population achieving

at least some secondary schooling) to univer-

sal primary. The model simulations indicate

that this additional investment in secondary

education provides a huge boost to economic

growth, over five times the level of the base-

line scenario and also much more than in the

scenario of universal primary education alone.

Scenario 4 finally presents another possi-

ble direction of improvement from the base-

line (which somewhat resembles the case of

India), in which half of the population

remains without education although 5% have

tertiary education, 15% secondary, and 30%

primary. This case of elitist education in a

context with half of the population being

without any schooling does clearly better

than the baseline and even better than the

universal primary education (combined with

10% secondary and no tertiary), but falls far

short of the economic growth implied by uni-

versal primary combined with 50% second-

ary and no tertiary education.

We compared these results with an

age-aggregated version of the IIASA-

VID data and the widely used Barro-

Lee (2) data set, which has no age detail

(see table S2). The comparison with the

full age-structured model gives evi-

dence of differences across age groups

in the effects of education on GDP

growth (table S1). These results point to

the importance of the demographic

structure of human capital when assess-

ing the effect of education on economic

growth. The IIASA-VID data set is, as

of today, the only comprehensive data

set offering such demographic detail in

education figures.

These new findings have political

consequences for the next round of

defining international education goals

(10): The current MDG’s focus on uni-

versal primary education is important but

insufficient. It needs to be complemented

with the goal of giving broad segments of the

population at least a completed junior second-

ary education. Only this is likely to give ini-

tially poor countries the human capital boost

that is necessary to bring large segments of the

population out of poverty. For more industrial-

ized countries, tertiary education of younger

adults also is an important determinant of

economic growth.

In conclusion, better education does not

only lead to higher individual income but also

is a necessary (although not always sufficient)

precondition for long-term economic growth.

The fruits of investments in education need a

long time to ripen, to translate the education of

children into better human capital of the adult

labor force. Education is a long-term invest-

ment associated with near-term costs, but, in

the long run, it is one of the best investments

societies can make in their futures.
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World Pop by Education Level

scenarios listed in Table 2 for the year 2050
show only the beginning of the effects, with
more substantial impacts embedded for the
longer-term future. By 2050, the impact of dif-
ferent education scenarios under otherwise
identical education-specific conditions on world
population size is already very strong: Popula-
tion size in the FTscenario will be over 1 billion
people lower than under the CEN scenario. This
implies that alternative education trajectories
alone will already, over the next 40 years, make
a difference in global population size that is
bigger than the entire African population today,
or three times the current U.S. population. This
effect is strongest for countries with currently
high fertility rates and high education differ-
entials. In Kenya, for example, the population
would increase from 31 million in 2000 to 84 to
85 million in 2050 under the optimistic scenarios
(FT and GET) but increase to an incredible 114
million if no new schools are built (CEN). The
difference between these extreme scenarios is
30 million—about the size of Kenya’s total pop-
ulation in 2000.

These results are likely to be an underesti-
mate of the effect of education on population
growth because it only considers the individual-
level effects and not the community-level effects
of spillover, normative change, and better avail-
ability of reproductive health services in commu-
nities with better educated women. Particularly
in countries that have experienced the most rapid
voluntary fertility declines—such as Iran, Mau-
ritius, and South Korea—these community-level
effects were highly relevant (31, 32). A multi-
level analysis of 22 countries in sub-Saharan
Africa shows that an additional fertility decline of
up to one child per woman is attributable to the
aggregate-level effect of female education on top
of the individual-level effects (33).

The interaction between education and pop-
ulation growth goes both ways. The discussion
of the CEN scenario already showed that under
conditions of high population growth because
of high birth rates, the increase in the school-
age population is such that even maintaining the
current school enrollment rates can be an up-
hill battle. In several African countries during
the 1980s, the proportions of young cohorts in
school actually declined, presumably because
of the combined effects of economic and polit-
ical problems and very rapid population growth,
resulting in an increase in the school-age pop-
ulation. The stall of fertility decline that was ob-
served in some African countries around 2000
is partly associated with this stall in education
of the relevant female cohorts. Although female
education is an important force toward lowering
fertility, rapid growth in the number of children
in a society in which total resources do not grow
at the same pace is an obstacle in the expansion
of education. For this reason, from a policy per-
spective it is most effective to try to increase fe-

male education and improve access to family
planning programs at the same time.

Human Capital and Human Development
Educationmatters greatly for almost every aspect
of progress in human development. The em-
powering function of education is considered a
major goal in its own right. The Human Devel-
opment Index, one of the most widely used indi-
cators of desirable social and economic progress,
consists of three components: one that measures
progress in education itself and two that capture
progress in health and material well-being (34).
There is reason to assume that these latter two
aspects are to some extent driven by progress in
the education of the population, and that indeed
human capital may be viewed as the root cause
of human development (28). The human capital
data that are differentiated by age and sex
helped to shed some light on this assertion.

In economics, it has been assumed for a long
time that education has an important positive
effect not only on individual earnings but also

on aggregate-level economic growth (35, 36). Al-
though the empirical evidence is unambiguous
for individual-level earnings, the statistical evi-
dence for economic growth has been rather weak
until recently. The reasons for this unsatisfactory
situation can be found in the lack of precision
of the education data used and more specifically
in the lack of explicit consideration of the age
structure of human capital (10–12, 30). As can be

seen from the example of China in Fig. 1, themost
frequently used indicator of human capital in
economic growth regressions—the mean years of
schooling of the entire adult population above the
age of 25—averages over age cohorts with very
different levels of education, including the highly
educated young cohorts as well as the poorly
educated older ones. In recent analyses that ex-
plicitly consider the age structure of human cap-
ital, economic growth is fastest when the better
educated young cohorts enter young adulthood.
This pattern is most clearly visible for the Asian
tiger states, where the inter-cohort improvements
in education were dramatic. At the global level,
the age-specific human capital indicators statisti-
cally and unambiguously confirm the key role of
human capital in economic growth (30).

Education is also one of the most important
determinants of adult health and mortality. Large
numbers of studies have established significant
education gradients in mortality in different parts
of the world despite marked contextual differences
(1, 37). Even more dramatic are the education

differentials with respect to disability at older
ages. A recent global-level study on the basis of
the World Health Survey found that almost uni-
versally, better educated men and women at a
given age have amuch lower level of self-reported
disability [limitations in activities of daily living
(ADL)] than do the less educated (1). Viewing
this fact together with the above-described educa-
tion projections entirely changes our outlook on
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Fig. 2. World population by level of educational attainment projected to 2050 on the basis of four different
education scenarios. Source for base year is (39) and for the scenarios is (18).
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Early Childhood Education

Effect on Cognitive Skills in MLICs

Intervention type Median Range

Center-based
preschool
and day care

0.33 0.06–1.15

Parent and parent-
child interactions

0.28 -0.05–0.80
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Global Population Aging
Proportion of Population Age 60 and over, 1950–2050
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Shifting Disease Burdens

Global Death Ranks for Top 8 Causes of Death in 2010

Articles

www.thelancet.com   Vol 380   December 15/22/29, 2012 2113

The mas sive increases in tobacco use since the 1970s, 
especially in men in less developed countries, might 
reverse this trend over the next decade or so.65

One million more deaths from injuries occurred in 
2010 (5·1 million) than two decades earlier, a 24% 
increase (table 2). This was driven primarily by a 
420 600 increase in road traffi  c deaths, which claimed 
1·3 million lives in 2010. Falls also claimed an additional 
191 900 lives compared with 1990, with most other 
ac ci dental causes being relatively constant, or decreasing, 
especially drowning. Deaths from intentional injuries 
increased for both self-harm and interpersonal violence. 
Deaths from forces of nature, war, and legal intervention 
were more than twice as common than two decades 
earlier. Given the huge annual fl uctuation in deaths from 
forces of nature and war, trends must be interpreted with 
caution. The fact that deaths from injuries are rising, and 
account for one in ten deaths worldwide, argues for far 
greater policy action to prevent them.

Trends in numbers of deaths are of interest and impor-
tance for health services and health policies that are 
designed to reduce premature mortality from various 

causes. Yet numbers of deaths alone do not provide a clear 
indication of whether disease control strategies are 
working since they are heavily dependent on changes in 
population size and age structure. By computing age-
standardised mortality rates, we eff ectively controlled for 
demographic changes across populations over time; 
however, age-standardised death rates are sensitive to the 
population standard used. Changes in age-standardised 
mortality rates between 1990 and 2010 are shown in the 
right hand panels of table 2. Death rates from all 
communicable, maternal, neonatal, and nutritional dis-
orders have decreased by 30% since 1990, a much greater 
reduction than sug gested from numbers of deaths alone 
(table 2). The age-standardised death rate from diarrhoeal 
diseases fell by 49%, whereas lower respira tory infections 
decreased by 34%. Interestingly, age-standardised death 
rates from trachea, bronchus, and lung cancers fell by 8% 
between 1990 and 2010, despite a 47% increase in numbers 
of deaths, due to continued decreases in mortality in 
developed countries and more modest increases in less 
developed countries where the full impact of smoking, 
especially in men, has yet to occur. Breast cancer mortality 

Figure 4: Global death ranks with 95% UIs for the top 25 causes in 1990 and 2010, and the percentage change with 95% UIs between 1990 and 2010
UI=uncertainty interval. COPD=chronic obstructive pulmonary disease. *Includes birth asphyxia/trauma. An interactive version of this fi gure is available online at 
http://healthmetricsandevaluation.org/gbd/visualizations/regional.

6·1 (6 to 7) 6 Tuberculosis

23·2 (21 to 26) 23 Other cardiovascular and circulatory

13·2 (9 to 18) 13 Stomach cancer

21·3 (19 to 26) 21 Colorectal cancer

2·0 (1 to 2) 2 Stroke

21·1 (12 to 36) 20 Neonatal sepsis

29 Meningitis

21·6 (18 to 26) 22 Meningitis

4·0 (3 to 4) 4 COPD

15·6 (12 to 20) 14 Self-harm

1·0 (1 to 2) 1 Ischaemic heart disease

10·8 (8 to 14) 11 Protein–energy malnutrition

23·8 (20 to 27) 25 Rheumatic heart disease

15·8 (13 to 19) 15 Diabetes

7·3 (7 to 9) 7 Preterm birth complications

16·1 (12 to 20) 16 Congenital anomalies

33 Rheumatic heart disease

18·3 (14 to 22) 18 Hypertensive heart disease

10·4 (8 to 14) 10 Road injury

16·9 (13 to 20) 17 Neonatal encephalopathy*

23·7 (20 to 28) 24 Liver cancer

9·4 (7 to 13) 9 Malaria

3·0 (3 to 4) 3 Lower respiratory infections

12·8 (11 to 16) 12 Cirrhosis

21·1 (6 to 44) 19 Measles

5·0 (5 to 5) 5 Diarrhoea

8·6 (7 to 12) 8 Lung cancer

9 Diabetes 93 (68 to 102)

23 Congenital anomalies –22 (–40 to –3)

17 Stomach cancer –2 (–10 to 5)

14 Hypertensive heart disease 48 (39 to 56)

4 Lower respiratory infections –18 (–24 to –11)

19 Colorectal cancer 46 (36 to 63)

5 Lung cancer 48 (24 to 61)

30 Falls

1 Ischaemic heart disease 35 (29 to 39)

15 Preterm birth complications –28 (-39 to -17)

 2 Stroke 26 (14 to 32)

6 HIV/AIDS 396 (323 to 465)

22 Falls 56 (20 to 84)

11 Malaria 21 (–9 to 56)

7 Diarrhoea –42 (–49 to –35)

25 Neonatal sepsis –3 (–25 to 27)

12 Cirrhosis 33 (25 to 41)

16 Liver cancer 63 (49 to 78)

21 Protein–energy malnutrition –32 (–42 to –21)

24 Neonatal encephalopathy* –20 (–33 to –2)

27 Chronic kidney disease

46 (40 to 55)

8 Road injury 47 (18 to 86)

10 Tuberculosis –18 (–35 to –3)

18 Chronic kidney disease 82 (65 to 95)

3 COPD –7 (–12 to 0)

13 Self-harm 32 (8 to 49)

62 Measles35 HIV/AIDS

9·0 (7 to 11)

24·4 (21 to 29)

17·0 (13 to 22)

14·2 (12 to 18)

3·6 (3 to 4)

18·5 (15 to 21)

5·8 (5 to 10)

1·0 (1 to 1)

14·4 (12 to 18)

2·0 (2 to 2)

6·4 (5 to 8)

23·3 (21 to 29)

10·3 (6 to 13)

6·7 (5 to 9)

25·1 (15 to 35)

11·8 (10 to 14)

16·9 (14 to 20)

21·5 (19 to 25)

24·4 (21 to 30)

19·7 (18 to 21)

8·4 (5 to 11)

10·1 (8 to 13)

17·4 (15 to 21)

3·4 (3 to 4)

14·1 (11 to 20)

1 Ischaemic heart disease

Communicable, maternal, neonatal, and nutritional disorders
Non–communicable diseases
Injuries

20 Other cardiovascular and circulatory

Mean rank 
(95% UI)

Disorder Disorder Mean rank 
(95% UI)

% change (95% UI)

1990 2010

Ascending order in rank
Descending order in rank
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Urbanization

I In 1800 only about 3% of world population lived in urban
areas

I Today, 50% of world population in urban areas

I First city with 1+ million was probably London (in 1811)

I Today, 456 cities with > 1 million inhabitants

I 1.4 billion people live in cities with >1 million

I Currently, 23 cities with >10 million population

I By 2025, 37 cities with >10 million population
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Urban Population by Region
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International Migration
Stock of international migrants 2010
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Policy Implications

Important aspects of policy recommendations

I Distributional and efficiency policy motives: Policy
hierarchies with direct and prices tending to be highest,
tradeoffs or complementarities.

I Assessing probable rates of return to policies
challenging

I Incentives and commitment schemes



Benefit/costs for investments in 
POP QQM, life cycle framework



Critical Components of Benefits vs. 
Costs or Payoffs to Interventions
Multiple impacts over life cycle of interventions
1. Challenge in estimating impacts given unobserved 

factors.
2. Present discounted values & survival probabilities
3. Substitution concurrently and over life cycle
4. Weighting different impacts to get benefits
5. Context dependent because markets, policies, etc. differ
Resource costs over life cycle for interventions
1. Public and private resource costs
2. Not same as public (or supplier) expenditures
3. Resource costs of distortions for raising public funds
4. Context dependent
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Evidence

Probably high
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Relatively low
benefit-cost ratios

Population Quality

Summary and
Recommendations

Policies with High Benefit-Cost Ratios

Priorities with high benefit-cost ratios (BCRs)

BCR

1. Achieving universal access to sexual and
reproductive health (SRH) services by
2030, and eliminating unmet need for mod-
ern contraception by 2040

> 90

2. Reducing barriers to migration within low-
and middle-income countries, as well as be-
tween low- and middle-income countries and
high-income countries

> 45
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High benefit-cost
ratios

Evidence

Probably high
benefit-cost ratios

Relatively low
benefit-cost ratios

Population Quality

Summary and
Recommendations

Policies with Probably High BCRs

Priorities with probably high, but difficult to quantify,
benefit-cost ratios (BCRs)

BCR

3. Elimination of age-based eligibility criteria
for retirement, and the development of public
pension systems that are based on expected
years of remaining life given fixed characteris-
tics

high
(but difficult to

quantify)

4. Programs facilitating more efficient and
more equitable urbanization

high
(but difficult to

quantify)
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ment Agenda

Policy Priorities

High benefit-cost
ratios

Evidence

Probably high
benefit-cost ratios

Relatively low
benefit-cost ratios

Population Quality

Summary and
Recommendations

Policies with Probably Low BCRs

Priorities with relatively low benefit-cost ratios (BCRs)

BCR

5. Maintenance and expansion of public pen-
sion eligibility at “relatively young old
ages”

low
(but difficult to

quantify)

6. Family policies aimed at increasing low fer-
tility in high-income countries (with the ex-
ception of the expansion of early childhood
education and high-quality day care)

low
(most likely < 1,

but difficult to

quantify)
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Policies: Education

I Subsidies based on distribution and efficiency

I Increase parental knowledge of importance of and means of
early-life child stimulation

I Pre-school programs for children 3-5 years old

I Increased incentives for enrollment of girls; increased
incentives for boys to progress through school

I Schooling policies (a) neutrality wrt school ownership, (b)
monitor quality of schooling, (c) incentives for improving
schooling quality

I More general education over life cycle



Understimulation
1. Related to family background with gaps in cognitive 

skills arising at early preschool ages and persisting into 
school years (Chile, Colombia, Ecuador, Nicaragua, 
Peru).

2. Costs (less maternal-child interaction) and gains (more 
income?) from maternal employment, with the latter 
larger for Chile (and parental stress reduced).

3. Trained community women in Colombia result in 
significant improvements in child cognitive skills (0.26 
SD) and receptive vocabulary (0.22 SD).

4. Absence of both parents reduces math and language 
test performance (5 percentile points) in rural Chinese 
primary-school children (60+ million “left-behind”). 
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Nonparametric regressions of PPVT scores on 
age in months, by wealth quartile
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Benefit-cost ratios for early life 
stimulation programs

Home	visits Daycare Preschool

Chile 3.3 1.3 4.4
Colombia 3.0 1.1 3.9
Guatemala 2.8 0.9 4.0

Chile 1.6 0.5 2.5
Colombia 1.5 0.5 2.2
Guatemala 1.4 0.4 2.3

Discount	rate	=	3%

Discount rate = 6%
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Region Preschool Enrollment Rates (%) 1999-2008

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

World
32.6 34.2 34.8 34.6 36.1 37.1 39.5 40.3 42.8 43.6

Arab States
14.7 15.5 15.3 15.7 16.4 16.5 17.4 18.7 18.1 18.7

Central and Eastern Europe
49.7 50.8 52.7 54.4 57.8 59.7 60.9 62.7 64.6 66.3

Central Asia
20.3 21.7 23.6 24.7 25.7 25.9 26.7 27.7 28.5 28.7

East Asia and the Pacific
38.2 39.2 39.9 38.6 39.8 ... ... 44.3 46.9 48.5

Latin America and the Caribbean
55.6 57.8 60.0 55.2 60.5 60.3 64.7 65.7 65.9 68.5

North America and Western Europe
75.1 75.9 78.0 79.0 77.6 78.1 79.2 80.3 81.0 79.9

South and West Asia
21.3 25.1 25.2 27.0 29.0 30.7 35.2 35.8 ... ...

Sub-Saharan Africa
11.7 12.1 12.2 12.4 13.2 14.2 14.8 15.5 16.1 16.7

Source: dhttp://stats.uis.unesco.org/unesco/ReportFolders/ReportFolders.aspx Table 20D: Regional average of enrolment ratios for pre-primary to 
tertiary education (ISCED 0-6)
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Estimating benefits of investing in 
early child development (Lancet 2011)

• Used data from 73 countries to estimate long-
term effects of one type of ECD intervention –
preschool.

• Countries with higher preschool enrolment have 
smaller gap in attained schooling between 
highest income quintile and other quintiles



Preschool’s lasting positive effects



Increasing preschool enrolment:
Benefit-to-cost ratio of 6.4 - 17:1
• Increasing preschool enrolment benefits attained 
schooling

• Estimated increase in future earnings US $11 - 34 
billion

• Benefit-to-cost ratio from 6.4 to 17:1, depending 
on %  preschool children enrolled (25% - 50%)

• Conservative estimate – only one early child 
development intervention
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Policies: Health & Nutrition

I Where malnutrition high: macro nutrients and
micronutrients

I Investments in adult health (“healthy aging”) to facilitate
higher productivity at older ages.

I Prevention of common chronic diseases: behavioral and
structural changes

I Health systems in LMICs: reorient to changing realities of
disease composition

I Social safety nets, health and pension systems untied
from labor market participation.



Malnutrition
1. Primarily undernutrition (though increasing obesity), varies by 

country/region.
2. Early-life growth faltering & underweight affected significantly 

by inadequate proteins in Guatemala and the Philippines.
3. Animal source food consumption increases relatively rapidly 

with income, especially among poorer households, in Peru.
4. Considerable recovery and faltering after FTD with increase 

on average in HAZ and in height deficits   (Brazil, Ethiopia, 
Guatemala, India, Peru, South Africa, Vietnam)

5. Child cognitive skills associated with growth faltering in FTD, 
but also with subsequent growth faltering/recovery, which 
affected by family just like growth faltering in FTD.

6. Evidence of long-run effects (e.g., Guatemalan INCAP study, 
Indonesian Ramadan exposure) & that schooling may be 
proxying for preschool investments in many studies.
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Z scores in the 1969-77 Guatemalan INCAP Data
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Guantemalan INCAP: Impact on education-related outcomes

Outcome β
(se)

Mean

HAZ STUNTED

Age Start School -0.200* 0.739 6.80

(0.118) (0.449)

Repeated primary grade 0.004 -0.045 0.44
(0.048) (0.179)

Grade progression 0.013 -0.057 0.84

(0.024) (0.095)

Age left school 0.728*** -2.768** 12.5

(0.269) (1.120)

Highest grade attained 0.968*** -3.857*** 4.70
(0.303) (1.271)

SIA z score (reading) 0.335*** -1.153*** 0

(0.100) (0.405)

Raven's z score 0.277*** -1.044*** 0

(0.088) (0.351)
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Impact on marriage market outcomes

Outcome β
(se)

Mean

HAZ STUNTED
Age, spouse (current union) 1.428*** -5.129*** 33.3

(0.500) (1.916)
Highest grade attained, spouse 1.005*** -3.572*** 4.65

(0.327) (1.320)
Height, spouse 1.018* -3.456* 155.7

(0.526) (1.964)
Age differential (spouse age – own 
age)

1.368*** -4.900*** 0.76

(0.497) (1.888)
Schooling differential (spouse’s 
grade attainment – own grade 
attainment)

-0.436 1.860 -0.04

(0.389) (1.525)
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Impact on fertility-related outcomes

Outcome β
(se)

Mean

HAZ STUNTED
First birth before 18 -0.073 0.299 0.24

(0.050) (0.189)
Interval between first and second 
birth

0.290 -0.823 3.02

(0.240) (0.939)
Number of pregnancies -0.664*** 2.069** 3.23

(0.238) (0.870)
Any infant deaths (<1y) -0.041 0.117 0.15

(0.033) (0.119)
Any child deaths (<5y) -0.066* 0.171 0.175

(0.038) (0.136)
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Impact on health-related outcomes

Outcome β
(se)

Mean

HAZ STUNTED
Overweight or obese 0.047 -0.214 0.52

(0.043) (0.177)
Log fat free mass 0.078*** -0.326*** 3.79

(0.009) (0.056)
Log strength, dominant hand 0.061*** -0.239*** 3.41

(0.018) (0.079)
Log v02 max 0.034 -0.188 2.82

(0.037) (0.153)
Hypertensive or prehypertensive 0.051 -0.216 0.31

(0.039) (0.149)
Diabetic or prediabetic 0.027 -0.120 0.21

(0.037) (0.143)
Metabolic syndrome 0.037 -0.141 0.31

(0.038) (0.148)
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Impact on labour market outcomes, men

Outcome β
(se)

Mean

HAZ STUNTED
Log hourly earnings 0.194** -0.529 2.15

(0.089) (0.367)

Log hours worked -0.131** 0.282 7.67

(0.066) (0.246)
Log income 0.041 -0.234 9.84

(0.101) (0.416)
Skilled labour or white collar work 0.153** -0.457* 0.36

(0.065) (0.268)
Operates own fulltime business 0.048 -0.116 0.20

(0.043) (0.175)
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Impact on labour market outcomes, women

Outcome β
(se)

Mean

HAZ STUNTED
Log hourly earnings 0.039 -0.019 1.70

(0.132) (0.544)

Log hours worked 0.183 -0.537 6.62

(0.167) (0.718)
Log income 0.137 -0.214 8.33

(0.214) (0.938)
Skilled labour or white collar work 0.170*** -0.574* 0.08

(0.060) (0.332)
Operates own fulltime business 0.090* -0.297 0.37

(0.048) (0.190)
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Impact on poverty and consumption outcomes

Outcome β
(se)

Mean

HAZ STUNTED
Log per capita household consumption 0.190** -0.664** 8.76

(0.059) (0.233)

Lives in household that is poor -0.094** 0.322* 0.29
(0.045) (0.173)
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Benefit/cost estimates of reducing stunting 
in heavily-burdened countries
• Benefits and costs over life cycle (Fig. 1)
• Individual stunted at age 36m has 66% lower per capita 

income when age 25-42 y (INCAP) if stunting treated as 
endogenous; assume half income gains are realized.

• Costs of intervention (Table 1). 
• Intervention package estimated to reduce stunting by 

36% (Bhutta et al).
• Predicted income increase 11.4%.
• Apply to predicted per capita incomes for 2036-2050 

(i.e., first 15 y of working lives if born in 2015 and start 
work when 21 y) of those stunted in infancy (based on 
current income levels and projected growth rates) in 
selected countries in which stunting widespread..

• Construct net present value of increased income using 
5% discount rate.
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Per child costs of interventions to reduce stunting in 
children under 36 months (from Horton 2010)
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Thank you!
And thanks to the following for supporting the research 
summarized in this presentation:
Copenhagen Consensus, 
Global Citizens Foundation, 
Grand Challenges Canada, 
Bill And Melinda Gates Foundation,
U.S. National Institute Of Child Health And Development




