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Abstract

This paper investigates whether a divergence between the biological standard of living (commonly
measured by some anthropometric indicator) and GDP per capita during the early phases of
industrialization, as observed for many now-developed countries in the nineteenth century, can also be
found for the current developing countries. The paper examines whether such a divergence exists and
which factors might explain its possible existence. We conclude that there is not much evidence for such
a divergence. However, there is considerable variance of stunting across countries which can partly be
explained by such factors as the infant mortality rate in addition to GDP per capita.
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1. Introduction

Ever since Margo and Steckel (1983) first found a decline in physical stature of common people in the
United States during a period when GDP per capita was thought to have increased (mid-1800s), there has
been a lively discussion on the factors behind this divergence between the biological standard of living and

goods-based measures of the standard of living.

The purpose of this paper is to investigate whether the 'early industrial growth puzzle” also applies to
the current developing countries. This puzzle refers to a sustained decline of the biological standard of
living (commonly estimated as some measurc of sex- and age-specific height) during early phases of
economic modernization, while conventional measures such as GDP per capita increase at the same time.
Komlos suggested several factors, many inherent to the process of development, which might account for
this divergence (Komlos 1994a: pp. xii-xv; Komlos 1994b; Komlos 1996a). This paper will address both
parts of the paradox, i.e. whether a divergence exist and whether the determinants can be identified in the

context of contemporary developing countries.

' The name was coined by John Komlos (Komlos 1996a: p. 2). Several other, similar cases were collected and

discussed by Komlos (Komlos 1994a; Komlos 1994b), and Steckel (Steckel 19954), among others. A daring attempt
to explain the early industrial growth puzzle by applying some straightforward economic theory was presented by
Komlos during the European Social Science History Conference, held at Noordwijkerhout, The Netherlands, from
9 - 11 May, 1996 (Komlos 1996a).



The paper is organized as follows. In the first section, the evidence on and the explanations for the
early industrial growth puzzle will be reviewed. The use of anthropometric indicators in developing
countries will be discussed in the second section. In the following section, several factors affecting the
validity of a comparison between contemporary developing and the nineteenth century of the now-
developed countries are presented. Then, the particular anthropometric data set, on the stunting of children,
is discussed. Finally, regression analysis is used to first determine whether there is a divergence between
GDP per capita and stunting and which factors -as suggested by Komlos- can play a role in explaining the

variation in stunting.

2. The early industrial growth puzzle and its possible explanation

When Margo and Steckel were the first to report in 1983 the by now famous anomaly of a marked decline
in physical stature of American white men (born between 1830 and 1860) during times when the economy
in which they lived must have been -according to a wealth of historical evidence- vigorously growing, it
was thought of by most scholars as a standard example of the exception that confirms the rule. This
changed rapidly in the years thereafter. A host of similar paradoxical findings were reported in the years
that followed: for Swedish recruits, born between 1730 and 1790 (Sandberg and Steckel 1987); for
Habsburg soldiers, born between 1740 and 1790 (Komlos 1989); for Bavarian males born between 1755
and 1775 (Baten 1997-forthcoming); for English and Irish soldiers in the British army between 1740 and
1790, and for English boys between 1740 and 1840 (Komlos 1993a); for boys in the Habsburg monarchy,
bom between the 1760s and the 1790s (Komlos 1989); for both English adult convicts and British servants
in colonial North-America between 1720 and 1755; and finally for English convicts sent to Australia,
between 1780 and 1800 (Nicholas and Steckel 1991; Komlos 1993b).

While all the cases cited in the previous paragraph apply to people born in the 18th century, that is,
during what Komlos called the "classical phase" of the Industrial Revolution, the 'early industrial growth
puzzle' became even more puzzling when it became clear that the pattern seemed to repeat itself m
numerous countries somewhere during the first half the 19th century, a period that -for almost all of the
countries involvéd- should be characterized at least as the 'neo-classical phase' in economic growth, in the
sense that modernization was at that time well under its way. Both free black males and females became
shorter between 1820 and 1840 (decade of birth) (Komlos 1992); the heights of young convicts (both black
and white), born in the American South and convicted in Georgia went down between -at least- 1820 and
1860 (Komlos, Katzenberger and Coclanis 1995); heights of Bavarian males and females declined between
the first vears of the 1820s and continued to do so until the beginning of the 1840s (Baten 1997-

forthcoming). and the same can be said of Scottish and Irish adult convicts. born between 1810 and 1830. -



in Scotland (Riggs 1994), and of middle class West Point Cadets, born between 1843 and 1858 (Komlos
1996b), although the last point was denied by the author who presented the figures.? Recently Drukker and
Tassenaar discovered that yet another case might be added to the list: The nowadays notoriously tall Dutch
conscripts, who were by the way not exceptionally tall during the first half of the 19th century, shrunk on
average by more than 3 cms. between 1810 and 1837 (years of birth) (Drukker and Tassenaar 1995:
Statistical Annexe, p. 1, Table 1).

Perhaps one of the most intriguing aspects of the 'early industrial growth puzzle' is the fact that some
specific groups were found that became notably taller during the years that most of the people were
becoming smaller. For the 'classical phase' of modern economic growth, German -upper class- students
during the third quarter of the 18th century are the exception to the rule (Komlos 1990). For what we have
nicknamed the ‘neo-classical phase', it is clear that adult American slaves increased in height between 1820
and 1840 (Komlos, Katzenberger and Coclanis 1995, Steckel 1995b). And although Komlos wants to
count also the American -middle class- students (the earlier mentioned West Point Cadets) among these

exceptions, we have some reservations on this point.?

In 1996 Komlos tried to reconcile the disturbing and apparently contradictory findings of declining
biological standards of living in periods of rising GDP per capita, during some early phase of economic
modemization, by putting the then known facts together in a framework of standard economic theory, and
in an admirable consistent way, he also tried to incorporate the above mentioned 'historical exceptions' to
the early economic growth puzzle into his explanation. The whole of his explanation rests on no less than
eleven basic arguments. According to Komlos, on the eve of economic modernization:

(1) incomes tended to become more unevenly distributed (Komlos 1996a: pp. 2-3);

(2) food prices rose, relative to the prices of other goods, due to a lagging behind of technological change
and capital accumulation in agriculture, compared with industry (Komlos 1996a: pp. 3-6);

(3) the year to year variability of income of common people tended to increase (Komlos 1996a: pp. 6-7);
(4) large groups of people, who had before been living in a situation of more or less economic self
sufficiency, gradually integrated into the market economy, and thus, concerning their nutritional status,

became more sensitive to rising food prices (Komlos 1996a: pp. 7-9);

Although there is a more than 3 per cent decline in the height of West Point Cadets between 1824 and 1838
(Komlos 1996a: Figure 15), and a steady increase afterwards until the level of the early 1820s is more or less reached
again in 18735, the author concentrates for some reason only on the beginning and the end of his curve, as he writes:
“... A stmilar pattern can be found among middle class West Point Cadets, whose height did not diminish during the
antebellum period, as did that of the common man..." (Komlos 1996a: p. 3; italics added, HIB,JWD,BS). May be
our Dutch history book was completely wrong by suggesting that the American Civil War started in 18607
*  Cf: note 2 to this paper, here above.



(5) population growth in itself contributed, in combination with diminishing returns to labor in the
agricultural sector, to a deteriorating nutritional status (Komlos 1996a: p. 9);

(6) increased urbanization in itself led to higher food prices for a growing percentage of the population,
as fong as an insufficient transport technology hampered a reduction of price difference between rural and
urban food prices (Komlos 1996a: p. 9);

(7) accelerated industrialization meant substantial sectoral shifts within the labor force, which in turn
implied that an ever smaller number of farmers had to produce food for a steadily increasing number of
industrial households (Komlos 1996a: p. 10);,

(8) intensification of labor would occur, as the spread of industries would provide more opportunities for
children to work in factories (Komlos 1996a: p. 10);

(9) increasing population density would, in combination with growing urb;mization and a rising trade
volume, created a increasingly favorable environment for transmitting diseases (Komlos 1996a: pp. 10-11).
To these eight arguments that are, so to say, built-in, endogenous or unavoidable factors accompanying
the general historical process of modemization, wherever it took place in Europe or in the United States,
somewhere during the second half of the 18th and the first half of the 19th century, Komlos added two
other arguments of a more exogenous, or ad-hoc character:

(10) weather conditions worsened in Europe during the second half of the 18th century, which had a
negative impact on agricultural productivity, thereby worsening the nutritional status of Europeans
(Komlos 1996a: p. 10);*

(11) at the end of both periods of decline in the biological standard of living, major wars broke out: in
Europe, the first period of declining heights culminated in the Napoleonic Wars, while the outbreak of the
American Civil War marked the end of the second period of worsening material conditions (Komlos

1996a: p. 11).°

Given the fact that, as Komlos' explanatory scheme suggests, the majority of the factors cited above,
were 'endogenous' or unavoidable by-effects of the modemization-process, the essential question arises

whether the same mechanisms that caused the biological standard of living to decline during the early

“  Aslong as there is no evidence of a similar deterioration of meteorological circumstances in the United States,

this factor is of no use in explaining the worsening biological standard of living of American citizens during these
years. Komlos seems to ignore this point.

*  The author himself admits that the last argument (war) cannot possibly have been a major factor in the
explanantion of the declining biological standard of living, when he writes: "... Yet, the beginning of the decline in
nutritional status preceeded the onset of both these conflicts, and hence could not have been caused by them.
Moreover, the fact that slaves and middle class cadets bom in the 1840s, who lived through the Civil War as
teenagers did not decline in height is an indication that the war's impact was not general. Moreover, the fact that
heights rose among the Chio National Gueardsmen as well as among West Point Cadets bomn shortly after the war
indicates that its impact was temporary..." (Komlos 1996a: pp. 11-12).
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phase of modernization in Europe and the United States, are also at work in the contemporary world. In
other words, it would be interesting to see whether the same paradoxical developments that characterized
economic modemization in the Western world, can nowadays also be identified in the contemporary

developing countries. This question is the central point of the rest of this paper.

3. Anthropometric indicators in developing countries

Anthropometric indicators are frequently used by international organizations, such as UNICEF and the
World Health Organization (WHO), to measure different aspects of the nutrition and health situation in
the developing world and to monitor progress toward goals agreed at by governments at international
conferences. Different indicators are employed, each signifying different aspects of the nutrition and health
situation. Low height-for-age, for instance, is used to indicate long-term cumulative inadequacies of health
and nutrition (WHO 1995: p. 164). It is also recognized that these inadequacies are ultimately determined
by socio-economic conditions (FAO and WHO 1992: p. 11; WHO 1995: p. 177). When low height-for-age
becomes pathological, it is referred to as 'stunting'. Low weight-for-height, usually called 'wasting' when
pathological, gives usually a better indication of the current health and nutrition situation as inadequate
food intake and diseases very quickly translate into loss of weight among adults or failure to gain weight
among children. The interpretation of weight-for-age is more difficult as it can reflect both wasting and
stunting. Yet, underweight is the indicator most frequently used by international organizations to signify

undernutrition.

Because the significance of stunting is wider than its nutritional meaning and its nature more endemic
and less transient than the other indicators, we have used only the stunting data in this paper. By now it
is generally accepted (WHO 1983: pp. 21-22; WHO 1995: p. 181) that an abnormal anthropometric value
is a value of 2 standard deviations (SD) below (or 2 SD above) the median value of the reference pattern.
Stunting is thus defined as height 2 SD or more below the reference median. This is also referred to as
severe and moderate stunting combined, while a cut-off point of 3 standard deviations refers to severe
stunting only (FAO and WHO 1992: p. 11). In this paper we employ a cut-off point of two standard

deviations.®

¢ These cut-off points are based on widely accepted relationships between anthropometric indicators and inter

alia functional impairments and increased risk of morbidity and mortality (Dasgupta 1993: pp. 81-87; FAO 1996:
pp- 63-64; Fogel 1994: p. 374; WHO 1995: pp. 179-180: see also: Osmani 1987). Some have found evidence that
there is even a relation between adult height and the risk of morbidity and mortality at middle and late ages (Fogel
1994: pp. 374-373, 383; WHO 1995: p. 180). This last point, however, seems not to be completely uncontroversial
(Dasgupta 1993: p. 83).



There is a small group of scholars who argue that people can be small but healthy. The validity of the
small-but-healthy hypothesis is, however, not clear at all. There has been an extensive discussion on
whether the adaption of human beings to energy stress invalidates the use of anthropometric measures of
nutrition. Osmani (1987: section 3) reviewed the literature of the arguments for and the evidence on the
small-but-healthy hypothesis. It should be noted first that the hypothesis only refers to mild and moderate
malnutrition and that there is no disagreement on the fact that impairment of functions occur in cases of
severe nutritional stress (Osmani 1987: p. 45). One of the most critical issues of the validity of the
hypothesis is whether adaption is costless, i.e. whether moderately stunted people can avoid functional
impairment. Osmani looked at four functions: immunocompetence, reproductive efficiency, work capacity,
and cognitive development. Regarding immunocompetence and work capacity he concluded that there is
no evidence suggesting that moderate stunting has a negative effect. Regarding reproductive efficiency,
no conclusions can be drawn yet.” However, regarding cognitive development methodological problems,
are (unsurmountably) large. Cognitive development is dependent on nutrition and stimuli while nutrition
and stimuli are interdependent and often simultaneously deficient. Thus, sufficient nutrition allows activity,
which on its turn determines the amount of stimuli a child gets. In other words, nutritional deficiencies
might not directly cause any cognitive effects but they are associated with lower activity levels and the
contribution of nutrition per se is therefore difficult, if at all, to determine. Osmani therefore argued that
a distinction be made between the causative statement of the small-but-healthy hypothesis, i.e. moderate
stunting does not impair any nutritional capability, and the associative statement, i.e. a moderately stunted
child does not suffer from any impairment of nutritional capabilities.

Osmani concluded that "..[w]hile one cannot accept that a stunted child is necessarily healthy, neither
can one go back to embrace the genetic potential theory[?] because the falsity of the associative statement
does not imply the truth of the converse. In other words, one cannot assume a stunted child has necessarily
suffered from nutrition-constrained cognitive retardation. That would depend on whether the child had

actually reduced his activity at the same time that it became stunted..." (Osmani 1987: p. 67).

There are on the other hand also authors who reviewed the relevant literature and who came to much
more categorical conclusions. Dasgupta and Ray, for instance, concluded that: "...if adaptation exists, it
is purchased at a cost. The cost involves, among other things, a reduction in the capacity for sustained
physical and mental activities, and a greater susceptibility to infection and disease..." (Dasgupta and Ray

1990: p. 193 -original italics-; see also: Dasgupta 1993: p. 85).

7 Most studies, for example, do not separate the effect of small mothers from poor nutrition during pregnancies

or severely stunted mothers from moderately stunted ones.
¥ The "genetic potential theory" argues that any shortfall in an anthropometric measure from a desirable standard
should be interpreted as a situation of inadequate nutrition (Osmani 1987: pp. 42-44).
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We also disagree with Osmani's conclusion. Even if the small-but-healthy hypothesis were true,
anthropometric measures can still be used as an indicator for a wider set of standard of living components
because the necessity to adapt by way of stunting is itself an indication of some kind of deprivation
(Osmani 1987: p. 95). The problem arises, though, when adaptation is not done by way of stunting but,
for example, by reducing activity. Thus, stunting is always a sign of deprivation although the absence of
stunting does not mean that deprivation did not occur. Moreover, our data concentrates on moderate and
severe stunting while the small-but-healthy hypothesis only refers to mild-to-moderate. The fact that

adaptation to severe malnutrition is not costless is not disputed.

The reference population -as recommended by WHO (1995: p. 176)- are standard sizes of children in
the United States which are assumed to be well-nourished. There exists a wealth of studies that have shown
that growth of normal, healthy and adequately nourished children in other countries, independent of

ethnicity, almost always approximates these reference values.’

Yet, in nearly every discussion about the use of stature as a measure of living standards -particularly
with laymen- the question arises: "What about genetics?". This is of course an important question when
data covering the whole developing world is used. However, genetic factors as an explanation for average
stature of a group of people can be usually dismissed for a number of reasons. Genes are important
determinants of the growth potential of an individual but when a group average is taken, these differences
approximately cancel each other out and the variance between group averages can be largely attributed to
environmental factors (Steckel 1995: p. 1903; Tanner 1994: p. 1). Moreover, as long as the genetic
composition of the population does not change over time (for example through large scale migration),

genetic factors can be ignored when trends of stature are analyzed over time (Komlos 1994a: p. 98).

Martorell et al. (1988) demonstrated that differences in the stature of children around the world are
more a reflection of poverty than genetics. They used four pieces of evidence:
(1) the developed countries have seen a significant rise in stature since the nineteenth century. Assuming

that the genetic endowments were unchanged, the rise can be attributed to a changing environment;

®  See, for instance: Dasgupta 1993: pp. 83-84;, FAO and WHO 1992: p. 11; FAO 1996: pp. 145-146; Martorell
etal. 1988: pp. 62-65, 68, Osmani 1987: p. 44; Payne and Lipton 1994: p. 23; Steckel 1995: p. 1910; Tanner 1978:
pp. 137-139;, UNICEF 1993a: p. 7). The point is summarized by the WHO: "...[G]rowth patterns of children of
difterent ethnic groups result in a worldwide height variability of about 1 ¢m in 5-year-old children." (WHO 1995:
p. 177). Some have even argued that *.. The debate about growth standards is dead..." (Ramalingaswami et al. 1996:
p. 11). They quoted a recent study by the Nutrition Foundation of India that has shown "..yet again that the growth
curves of children in better-off’ Indian families follow the same pattern as those of adequately nourished children in
other parts of the world..."



(2) there are large differences in stature among groups of different socio-economic status within countries.
In all cases, the group with higher socio-economic status are taller. Only in Guatemala this might partly
reflect genetics as the very poor have a greater share of Indian descent than the elite.'® But it is unlikely
that this genetic bias operates in every country in the same direction;

(3) a comparison of children from different ancestry living in well-to-do situations across the world shows
that they all center around the 50th percentile. The only exception are Asians who are about 3.5 centimeter
shorter and center around the 25th percentile. This is small compared with the effect of poverty which can
reduce the average height by 12 centimeter or more. They suggested, however, that it may be due to
different feeding practices of infants between eastern and western cultures (Martorell et al. 1988: p. 67);"
(4) they compare the height z-scores of three groups with different ethnicity (European (non-hispanic),
black and Hispanic) at different poverty levels within the United States. In all groups, children are smaller
when they are poorer. Moreover, for ages 1 to 5 and 6 to 11, the European and Hispanic groups have z-
scores of nearly zero at the high-income level. For these ages, blacks were taller. At ages 12 to 17, the
European and black groups become nearly identical and have z-scores of nearly zero at the high-income
level. Hispanics, however, are smaller at all income levels and all ages but the difference is small at the
high-income level. These pieces of evidence allowed them to conclude that "...the growth potential of
children around the world is remarkably similar under conditions of adequate nutrition and health..."

(Martorell et al., 1988, p. 68).

4. Can the validity of the e.i.g.-puzzle be tested against contemporary evidence?

Can the validity of the 'early industrial growth puzzle' as a general phenomenon, accompanying economic
modernization, be checked against evidence from the current developing countries? In other words, what
is the validity of a comparison of the industrialization during the nineteenth century of the now-developed

countries and development in the current developing countries? A number of issues needs to be addressed.

Firstly, the international economic environment of present-day developing countries with regard to
trade, technology, finance, aid, and investment is much different from the historical experience of the now-
developed countries (Lewis 1977). The presence of large export markets, the possibility of technology
transfer, the access to finance and aid, and the scale of foreign direct investment have a definite effect on

the development process in developing countries. Moreover, now-developed countries exploited

10

See on this issue, e.g. Bogin, Wall, and MacVean (1992).

" See also: Ramalingaswami ef al. (1996).
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developing countries, an opportunity not available to the present day developing countries while they are

still coping with the consequences.

Secondly, the question can be posed whether the developing countries in our sample are indeed in
some early phase of industrialization. According to Maddison (1995), GDP per capita at 1990 (PPP)
dollars was generally between $1000 and $2000 in the now-developed countries in the first half of the
nineteenth century. That is similar to current levels of GDP per capita of most in the African and Asian
countries in our sample. For example, Maddison (1995: p. 228) estimated that GDP per capita at 1990
(PPP) dollars for Western Europe in 1820 and Africa in 1971 and 1992 were the same, viz. $ 1290 (give
and take a few dollars). This level was, however, already reached by Latin America in the early 1900s and
in the 1960s by Asia. Moreover, it is important to realize that there is, also quite some variation within the
continents.

Yet, growth of GDP per capita -if that is a proper indicator of economic modernization- has been faster
in the current (non-African) developing countries in the post-World War I period, in particular in Asia,
than in the now-developed countries in the nineteenth century. For example, growth of GDP per capita
averaged 1.0 per cent in Western Europe for the period 1820-70 and 1.3 for 1987-1913 but 3.8 per cent
for Asia (including Japan and Oceania) during the period 1950-73 and 3.2 per cent during 1973-92
(Maddison 1995: p. 60).

It seems that -as far as the sketchy data allow any conclusion- the share of the agricultural sector in the
economy is also broadly comparable. Maddison (1995: p. 39) indicated that the share of the labour force
in agriculture was between 35 and 70 per cent between 1820 and 1870 for the now-developed countries.
That is similar to the range found in the developing world, despite the fact that some (mostly African)

countries have higher shares and some (mostly Latin American) countries have lower shares (UNDP 1996).

Thirdly, the state of medical knowledge has advanced and the current developing countries can thus
benefit from technology unavailable to the now-developed countries in the nineteenth century. Actually,
the impact of medical science was fairly limited before the twentieth century. Already in the sixteenth
century, the understanding of epidemics lead to the removal of waste and the use of quarantines and
contributed to the decline and in mortality rates in Europe (Boserup 1981: p. 124). In the second half of
the nineteenth century, several disease-producing organisms were identified. Yet, the contribution of
medical science to the combat against infectious diseases only started to increase significantly in the
twentieth century with the discovery and widespread use of several vaccines and antibiotics. Boserup
(1981: p. 123) wrote. for example, "...Jo]nly in onc case, that of smallpox, had medical science and its
application reached a stage which might help to cxplain the eighteenth-century decline of mortality..."

Smallpox was, however, an anomaly. Inoculations against smallpox started in 1721 almost two centuries

I



before large-scale vaccinations gained prominence (first against bacteria) 'and more than two centuries
before viruses (such as smallpox) itself were better understood.

The breakthroughs in medical research of the twentieth century have directly benefitted the developing
countries (Boserup 1981: p. 177). UNICEF (1991, 1996a) has shown, for example, that large gains have
been made since the mid-1980s with regard to immunizations and oral rehydration therapy (ORT). These
techniques are available to developing countries at low or no costs (in case of aid) -$ 0.10 per sachet of
ORT- and are credited for reducing the incidence of several diseases and mortality rates.!* And a lower
incidence of diseases leads ceteris paribus to lower malnutrition rates.

Indeed, the evidence suggests that at similar levels of GDP per capita, the infant mortality rate is lower
in the present developing countries than in nineteenth century Western Europe. During the entire
nineteenth century, the infant mortality rate rarely fell below 150 in all European countries for which data
are available, with the exception of some Scandinavian countries, Ireland, and Scotland, and the rate only
fell definitely below 90 after 1900 in countries such as Norway (Mitchell 1976). In the developing
countries, however, there were only a handful of countries with an infant mortality rate above 150 during
the 1980s (e.g. Afghanistan, Guinea-Bissau, Mali, Mozambique, and Sierra Leone). In fact, during the first
half of the 1990s there were only three with a mortality rate higher than 150 (Afghanistan, Mali, and Sierra
Leone) and the average rate for all developing regions was below 100: 93 for Africa, 65 for Asia (including
Japan), and 45 for Latin America and the Caribbean (United Nations, 1995).

Fourthly, the technology to transport perishable food, such as fruits and dairy products, has much
improved since the nineteenth century.’* This allows a much more equal distribution of these kinds of food

across regions, improving the nutritional content of food intake.

Fifthly, do anthropometric indicators for children give different results than for adults? The height of
adults, as frequently used by economic historians, is a final measure, reflecting the biological standard of
living during the years they were growing which could have covered two decades or more and which could
have occurred a few decades earlier. The height of young children, on the other hand, reflects more recent
conditions, in our case less than five years. Body measurements of children in particular are rather sensitive
to changes in the intake of protein and calories, in addition to diseases. Moreover, measurements at a young
age do often not reflect catch-up growth. Yet, it is argued that complete catch-up growth in developing

countries is not very common because the causes of stunting often endure.'

2 UNICEF (1996b: p. 27). It should be noted, however, that the effectiveness of ORT was discovered in
Bungladesh and India (UNICEF 1996a: p. 58).

" This point was suggested to us by Professor John Komlos.

" For instance: Dasgupta 1993: pp. 84-85; FAO 1996: p. 145; Fogel 1994: p. 381; Pavne and Lipton 1994: pp. -
3.22: WHO 1995: p. 268.



Sixthly, it is possible that the data reconstructed in retrospect for the now-developed countries are less
* reliable and accurate than the data for the developing countries. On the other hand, measurement problems
for the developing countries are also large as indicated by the articles in the June 1994 issue of the Journal

of Development Economics (cf. e.g.: Heston 1994).

Finally, the analysis here is based on a pooled sample of cross country and time series data with only
observations for a few years per country. Replicas of the historical evidence for the 'early industrial growth
puzzle', are rather infrequent in our sample. That is, there are in our data set six countries where GDP per
capita and stunting both increased between two survey years: Honduras (1987, 1992), Laos (1984, 1994),
Lesotho (1981, 1994), Myanmar (1980-81, 1983-85), Pakistan (1985-87, 1990-91), and Rwanda (1976,
1992). It is important to note that there are many more countries in the sample where GDP per capita and

stunting both declined between two survey years, as will be shown in the next section.

5. The data

The data used in this paper come from UNICEF's data base. UNICEF's data, which are primarily based
on nationally representative household surveys, partly come from other international organizations such
as the World Health Organization (WHO),'* the Pan American Health Organization (PAHO) and the
World Bank. Except for the most recent estimates, the data were published by UNICEF (Carlson and
Wardlaw 1990; UNICEF 1993a; UNICEF 1993b). |

This data set contains 169 observations for the prevalence of stunting. However, 22 were excluded
because they referred to a subnational population. Most of the surveys were conducted in the 1980s and

1990s but the sample also includes 24 (out of 147) observations for the 1970s.

To compare the data across time and space, the age at which the child is measured, the cut-off point,
and the reference population should be the same. As discussed, WHO recommended that two standard
deviations should be used as a cut-off point.'® All countries in our sample used this cut-off point. WHO
(1983; 1995) also recommended to use the reference population established by the United States National
Center for Health Statistics. Comparability is harder to establish with regard to the age at which the
children are measured. Most of the estimates refer to children under five years of age. If, however, certain

age groups are excluded (or added), the estimates are not comparable across countries because the extent

15

WHO initiated in 1986 a Global Database on Child Growth to compile and disseminate the results of
anthropometric surveys.
*  Cf.: section 3 of this paper; note 6 of this paper.
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of stunting differs according to age. In fact, the prevalence of stunting by age shows a similar pattern across
countries. Typically, stunting is lowest during the first year and then increased rapidly during the second
year of a child's life. After the second year, the extent of stunting remains rather flat (Carlson and Wardlaw
1990: pp. 29-30; UNICEF 1993a: p. 14). Hence, the extent of stunting will be overestimated in any
country where (some) children under the age of one are not measured (or where children older than five
are also measured) and underestimated in any country where (some) children of the between ages one and
five children are not measured. In our sample, stunting might be overestimated in 38 cases and

underestimated in 23. However, for 22 observations the ages were not known.

UNICEF (1993b) calculated age-adjusted data to improve the comparability across time within a
country but no attempt was made to adjust the data for age across countries.'” To account for this bias, two
dummy variables were added in the regression analysis, one for those countries where part of first year was
not measured or children older than five were also measured and one dummy for those countries where
any of the period between ages one and five was not measured. Although, these dummies cause some

econometric problems which will be discussed later.

6. Data analysis

In this section we will analyze whether there is any evidence for the ‘early-industrial-growth-puzzle' in
contemporary developing countries, using the UNICEF data on stunting. First we will look at the first part
of the e.i.g-puzzle, that is to say, on the divergence of stunting and GDP per capita. The determinants of

this divergence will be investigated in the second part of this section.

6.1 The relation between stunting and GDP per capita

For a preliminary examination of the data, Figure 1 presents the percentage of children stunted and GDP
per capita (converted by exchange rates and projected on a logarithmic scale).' If the mechanisms that

were apparently at work in the several historical cases of the early-industrial-growth-puzzle, were also

" The age adjustments were made in the following way. The percentage of children stunted in the survey with

the shorter time span (e.g. 12-59 months) was multiplied by the ratio of the percentage of children stunted for the
same shorter time span (e.g. 12-59 months) to the percentage of children stunted for the total ime span (e.g. 0-59
months) in the survey with the longer time span (e.g. 0-59 months).

' We also ran the regressions of Table 1 with GDP per capita at PPPs but the number of observations was less
(104) and results worse (lower adjusted R? and lower t-statistic). '
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influencing height patterns over time in our example, one would expect that stunting increases before it
declines again when GDP per capita increases, i.. stunting against GDP per capita would display an
inverted-U shape in Figure 1. Figure 1, however, does not seem to show an inverted-U shape but rather
a negative monotonic non-linear relation between stunting and GDP per capita. The figure also reveals that
there are large deviations from a straight line. There is thus enough room for further analysis of the factors

which can cause stunting not to be closely associated with GDP per capita.

FIGURE 1: STUNTING AND GDP PER CAPITA IN DEVELOPING COUNTRIES
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A second, and more reliable test whether the mechanisms underlying the e.i.g-puzzle are also at work in
contemporary developing countries, consists of running a regression with stunting as the dependent
variable and GDP per capita as the independent variable. One would expect that a quadratic term will enter
the regression equation with a negative sign and will be statistically significant. Table 1 presents the
regression results which confirm the preliminary analysis of the figure. Regression (1) only includes GDP
per capita in a linear form. In regression (2), GDP per capita is included in a quadratic form. Supposing
the mechanisms of the e.i.g.-puzzle were indeed at work, we would expect a negative coefficient, but the

coefficient is positive and significant.'” Regressions (3) and (4) contain another non-linear form, viz. the

" The observations in the sample almost all fall to the left of the minimum value of the parabola and are thus

scattered around the downward sloping part.
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natural logarithmic transformation of GDP per capita.”’ The coefficients of the semi-log function gives the
change in stunting (in percentage points) as a result of a percentage change in GDP per capita (Kennedy
1992: p. 106). The results for regressions (3) and (4) are better than for regressions (1) and (2): adjusted
R?and F-statistic are both higher and the RESET statistic lower, yet remain insignificant.' T-statistics are
lower in regression (4) although that is a result of the correlation between LGDP/C and LGDP/C2.*
Moreover, when the adjusted R? of regression (3) is compared with the adjusted R? of regression (4) it is

clear that LGDP/C? adds very little to the explanatory power of the equation.

Another way to look at the validity of the arguments used by Komlos to explain the early-industrial-
growth-puzzle for the case of contemporary developing countries, is by including dummy variables for the
different time periods. There are 46 countries in our sample with more than one observation. Dummies
DT1, DT2, DT3, and DT4 have been assigned to the first, second, third, and fourth survey, respectively.?
If the Komlos-thesis has validity and development takes off between the first and last survey, then one
would expect that the coefficient for DT1 is smaller than for DT2 and/or DT3. A coefficient for DT1
smaller than for DT2 would indicate that in the countries with more than one survey, during the period of
the first survey stunting was lower than during the second survey, independent of GDP per capita. It could
also be that the coefficient for DT2 is smaller than for DT3 and that the coefficient for DT3 is smaller than
for DT4 but that depends on whether the "early stages of rapid economic growth" (Komlos 1994b: p. 213)
have been completed. In the case that the early stage has been completed, the coefficient of DT4 could
be smaller than the other coefficients and the coefficients of DT1, DT2, DT3, and DT4 could create an
inverted-U shape.

Yet, this is admittedly not a very sophisticated test as all surveys could be conducted in the period
before development takes off or vice versa, i.e. in the period after development takes off. What is tested
here is that if there is more than one observation per country, stunting is less prevalent in the earlier

period(s) despite the fact that GDP per capita is lower.

*®  In addition a log-log form, where both stunting and GDP per capita was transformed, was estimated. The results

where practically the same as in equation (3) with an adjusted R?, F-statistic, and t-statistic marginally lower.

3 Ramsey's RESET test is a general test for specification error. A insignificant value can indicate omitted
variables, incorrect functional form, and/or correlation between the independent variables and the error term.

2 Note that LGDP/C and LGPD/C? are not perfectly correlated because LGDP/C? = (In(GDP/C))?
=/=In((GDP/C)?. A typical effect of multicollinearity is lower t-statistics. Similar to regression (2), the observations
are scattered around the downward sloping part of the function.

2 Note that we have not assigned a dummy to countries with only one observation for one survey. Thus, all
dummies can be included in the regressions. In normal cases with dummy variables this would be impossible because
the sum of the dummy variables wo