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Abstract: Intergenerational, epigenetic, heredity has a proven influence on growth and, hence, height 

in humans , but it is not at all clear how big an influence it exerts, or whether it matters 

enough to be considered of import to researchers who use height and other anthropometric 

variables to assess socioeconomic status in the past. This paper assesses the evidence for 

epigenetic influences on development that has accumulated since the 1990s, and 

investigates whether these insights can help to explain the secular trend in Japan, and if so, 

how much of variation in human growth may be due to intergenerational heredity. 

The paper will make a first attempt to investigate these effects using Japanese data on child 

growth, which have been collected by successive Japanese governments throughout the 20th 

century, and propose a way of collecting paired data.

Introduction

Anthropometric history is, if not quite booming, at least experiencing something like a rapid growth period. 

Overviews by Steckel (1995, 2009), show that hundreds of papers and numerous books have already been 

published that use height data for the study of history and, crucially, that the field has been expanding 

especially strongly in the past decade. Where conventional economic and social data are unreliable or 

unavailable, researchers increasingly turn to stature as an indication of biological living standards, and they 

do so not only in historical research but in several other disciplines as well. Although the precise causes of 

rapid or slow growth are in many cases disputed, data on (adult) heights are generally reliable and often 

accessible. There is no reason to assume the current rise in the number of anthropometric publications will 

abate, for anthropometric data remain a relatively underused source of knowledge about human 

development, especially outside the relatively narrow field of economic history.

Virtually all anthropometric historical research treats adult heights as an indicator of childhood 

biological standards of living and, occasionally, prenatal health. Much or most of human variation in height 

is of course caused by genotypical variation, but in a sizable population these variations average out, and 

substantial changes in average stature due to changes in the DNA structure are highly unlikely in the relative 

brevity of historical time. While, as said, controversy may exist about what aspects of childhood living 

standards may have impeded or stimulated growth, ranging from dairy consumption to hookworm infections, 

whether the cause of a certain anthropometric outcome in a population is a consequence of circumstances in 

early life is not usually disputed. Or at least, not until recently. In a paper published in 2008, Schooling e.a., 
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were the first to firmly and explicitly denounce the dominant paradigm: “Neither height nor leg length 

should be assumed to be consistent proxies of early life environment with corresponding implications for 

economic history, the aetiology of some chronic diseases and the monitoring of population health.” 

(Emphasis mine -RF.)

In recent years, views on heredity in humans have been changing. The notion that, in addition to 

genetic inheritance, gene expression in humans may be influenced epigenetically has been on the rise. 

Epigenetic effects on heredity, in the context of anthropometric research, would mean that life experiences of 

parents, grandparents or even earlier generations, exert a heritable influence on the way genes operate, and 

thereby on the health, development and (hence) height of individuals. The recent upsurge in publications on 

such effects in humans should not, by the way, obscure the fact that they had been known for decades, and 

quite extensively studied in other organisms. The idea that these effects could play an important role in 

human health and development was sparked by publications related to the Överkalix study, about which 

more below, in the late 20th century. After a decade of research, we can safely say that epigenetic heredity 

does indeed influence human development. As an aside, it has also become apparent that the topic tends to be 

picked up very readily by the media, and an avalanche of popular scientific (usually leaning rather heavily 

towards the popular) articles and television programs have ensued, more often than not with dramatic titles 

like “you are what your grandfather ate”. Still, there is substance below the hype.

What does intergenerational heredity mean for the use of anthropometric data in historical research? 

Not necessarily a great deal. While there is no longer much room for doubt that intergenerational heredity 

plays a role in human development, including growth and stature, it is not at all clear how big its effect may 

be, and evidence for epigenetic effects over more than one generation remains scant, at least in humans. It is 

unlikely, moreover, that biomedical research will provide much clarity in the foreseeable future. Humans are 

a slow maturing species, and controlled investigations of several generations of individuals would last 

considerably longer than the average research grant, or indeed research career, allows. Several recent 

investigations, however, have turned to historical catastrophes and investigated their long-term consequences 

on later generations. Hence, while the burgeoning field of human epigenetics clearly poses a potential 

methodological problem to economic historians, on the other hand historical research is likely to become 

increasingly relevant to the study of intergenerational heredity. But what do epigenetic theories have to offer 

economic historians? In this paper, I will briefly assess whether two closely interrelated questions, namely 

the slowness of the secular trend and the relatively small stature of the Japanese may be better understood 

with epigenetic theories.

An Epigentic Revolution?

The meaning of the term epigenetics has changed considerably since it was coined in the 1930s and even 

today authors appear to differ on the meaning they attribute to it. For the purposes of this paper, however, 

epigentics can be defined as hereditary changes to the expression of genes, which impact the phenotype, and 

that are not caused by changes in the DNA structure. The impact of such effects on the phenotype are usually 
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small, certainly when compared to changes in the DNA, and are not irreversible, again in contrast to changes 

in DNA. It is as yet unclear what the function of epigenetic heredity in human development is, how many 

epigenetic mechanisms there are, or how they are triggered. The extent and importance of epigenetic heredity 

in humans is difficult to assess at the current level of knowledge, but the epigenetic effects that have thus far 

been demonstrated have been relatively small. For much of medical research, and all of anthropometric 

history, however, small changes are the prime object of study. 

As noted, epigenetic heredity as a biological phenomenon has been known for decades, but for the 

study of human epigenetics the Överkalix study was particularly important. Överkalix is a small village in 

Northern Sweden, which until the early 20th century suffered from a highly unstable food supply. Because of 

the small size of the population, excellent records, and the low level of migration, it was possible to 

reconstruct the impact of periods of subsistence crisis on later generations. A clear intergenerational inherited 

effect could be demonstrated, namely between exposure to food shortages in the slow growth period, roughly 

between 9 and 12 years of age, of grandfathers, and the incidence of cardiovascular disease among their 

grandsons. (Bygren, Kaati, Edvinsson 2001)

On a much larger scale, epigenetic heredity has been observed, or more accurately has been 

suggested to explain observations, in the Avon Longitudinal Study of Parents and Children (ALSPC). In this 

study, 14.000 pregnant women were investigated in 1991 and 1992, and their offspring have been closely 

monitored since. Several observations from the ALSPC have been interpreted as as suggesting or proving 

that epigenetics play a role in development. Ong e.a. (2007), for example, suggested that early menarche, an 

indicator of high growth tempo, may be caused by trans-generational heredity. The ALSPC also showed a 

remarkable relation between early paternal smoking and higher body mass index in sons, but not in 

daughters, an effect that could be replicated by returning to the Överkalix data (Pembrey e.a. 2005).

The Dutch Famine Study, which like the ALSPC is ongoing, is another oft-quoted and important 

study in this context. This investigation was set up to assess the impact of the Dutch Hunger Winter on fetal 

and later adult health. The Dutch Hunger Winter was a famine caused by the cessation of food transports in 

the German-occupied Netherlands in the winter of '44-'45. People born in the Wilhelminagasthuis, a 

maternity clinic in Amsterdam, immediately before, during and after the famine were traced and, for the most 

part, investigated. This investigation not only demonstrated a considerable impact of compromised prenatal 

health on phenotype (notably adiposity) and adult health (notably breast cancer), but also revealed that the 

grandchildren of the famine generation in turn were affected. maternal experiences were shownto have an 

effect on human growth and development -although not a very big impact (Painter e.a. 2008).

Schooling e.a. (2008), quoted above, using data from another large cohort study, the Guangzhou 

Biobank Cohort Study, reported that rising stature was conspicuously absent in the first generation that 

enjoyed relative prosperity and good health. In a perhaps somewhat haphazard proof by contradiction, they 

speculate that “epigenetic influences originating in earlier generations may constrain growth during the 

infancy and/or childhood phases in very recently developed populations.” That is, if the height (and leg-

length) of individuals has little observable reaction to evidently improved childhood circumstances, that at 
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least suggests that the epigenetic heritage of earlier generations constrained growth in people who were the 

first generation to enjoy relative wealth. (Compare: Bassino and Kato 2010)

More recently, Winnie Fung of Harvard University and Wei Ha of the United Nations Development 

Program have investigated intergenerational effects of the 1959-'61 Famine in China. They were able to 

demonstrate that grandchildren (especially boys) of women who have been affected in their own youth by 

famine, have lower weight and height for age. (Fung and Ha 2009) Interestingly, Fung and Ha were able to 

control for parental health and education, but this did not significantly change their outcomes. Why 

especially female exposure has an impact on later generations, and why, in this sample, boys were affected 

more strongly than girls is unclear. Again, it is not known how many heritable effects on gene expression 

exist, nor if their effect is unidirectional or consistent, or what circumstances exactly trigger these effects.

What these and other studies have in common is that they point towards an observable, 

intergenerationally hereditary influence on growth and development. They do not, however, necessarily point 

in the same direction, nor do they provide any indication of the relative impact on human development and 

growth. A further problem with these studies is that while they may suggest that epigenetic heredity plays a 

role in various normal trends in human development, hard evidence of such effects has only been found in 

relation to calamitous subsistence crises, notably famines, and calamitous individual behaviours, notably 

childhood smoking. Only in such cases has it been easy to differentiate between “affected” and “unaffected” 

people and link their experiences statistically to health outcomes in their offspring. Where the calamity is 

less clear-cut or completely absent as in the case of the Avon Longitudinal and the Guangzhou Biobank 

cohort study, epigenetic effects are in fact speculated on rather than demonstrated. It is, however, especially 

with regard to more normal circumstances that epigenetic theories may prove an important asset to 

anthropometric historians. This is true in particular with regard to the secular trend. 

The Secular Trend and the Japanese Height Gap

The secular trend is a gradual acceleration of average childhood growth tempo that has been observed in 

developed (and developing) countries around the world. More rapid growth leads to a greater adult height, 

earlier sexual maturation, larger differences between adult male and female heights, longer relative leg 

length, and possibly higher levels of adiposity. The link between wealth and growth tempo is superficially 

self-evident. Virtually all countries with very tall populations (The Netherlands, the Scandinavian countries, 

Germany) also boast a high GDP per capita and a very high score on the Human Development Index. 

Moreover, the gradual rise in heights more or less coincided with a likewise gradual rise of prosperity. Yet 

several countries with undeniably high biological standards of living, moderate levels of inequality, and high 

average incomes, notably Japan, have much shorter populations. The well-documented Dutch experience 

suggests that it takes at least six generations before a maximum is reached and heights stabilize, but the 

question remains why. Why is the secular trend so slow, and why are the Japanese still as short as they are?

It is tempting, and not necessarily impossible, to explain the relative shortness of the Japanese as a 

consequence of their particular diet, but this is less easy to demonstrate than it may appear, because the 
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available data are mostly national; the old and very old make up a large part of the population, so that 

differences in average food consumption usually do not reflect differences in average childhood food 

consumption, all the more so because Japanese food culture has changed considerably in recent history. 

Baten, Stegl and Van der Eng (2009), for example, have suggested that the low stature of the Japanese may 

be related to the low consumption of dairy in Japan. This seems to be an excellent explanation, insofar that 

countries with high stature, notably the Netherlands, also have a high per capita milk consumption and that 

Japan has a considerably lower per capita milk consumption than the European average. On closer 

inspection, however, the explanatory power of this theory is not nearly as strong as may be supposed, 

because of the skewed age distribution of milk consumption in Japan. Because of the inclusion of milk in the 

mandatory daily school lunch, and the widespread belief that milk is highly beneficial to child health, 

Japanese children probably do not consume (much) less milk than their peers in Europe. The difference in 

dairy consumption is mostly between adults, and as such is not very likely to have much impact on relative 

growth -at least in the vertical direction. (Schluep, Campo and Beghin 2006)

Other theories that might explain the slowness of the secular trend likewise do a bad job at 

explaining the relative shortness of the Japanese. In a recent paper, Bozzoli, Deaton and Quintana-Domeque 

(2009) have proposed that low average height may be caused by bad neonatal health. In European countries, 

this seems to work very well, but the model fails completely to explain the low stature of the Japanese, where 

neonatal health has been among the best in the world since the 1970s, but without mutch discernible impact 

stature. 

In fact, it currently appears that the secular trend in Japan has recently stalled. Since about the mid-

1980s, Japanese stature at 17, the last year for which school-generated height data are available, have 

remained stable. In a recent paper (2010), Bassino and Kato suggest that sleep deprivation among 

(especially) Japanese teenagers is a major inhibitor of growth. Both the pressures of Japanese secondary 

education, and the availability of nigh unlimited television and video game entertainment, cause Japanese 

teenagers to sleep considerably less than their peers in most other countries. After their teenage years, they 

appear to make good some of the lost growth; males at age 20 (using non-school generated data, and as such 

not entirely comparable or quite as reliable as heights from the ministry of education). have in fact been 

getting taller . Apparently the generally relaxed lifestyle of students in Japanese tertiary education do allow 

for a degree  (catch-up) growth.  For women, whose window of opportunity for growth is cut short by sexual 

maturation, the possibility to grow after leaving secondary school does not usually exist, which may 

contribute to the fact that height differences between young men and women in Japan are large. On the other 

hand, data on sleeping time are available only for teenagers, whereas the secular trend also appears to have 

come to a standstill at younger age-groups. 6-year olds entering school are no taller today than they were in 

the early 1990, even though sleep deprivation in this group is not certain (and for the time being remains 

unknown.)

Table 1 about here. 
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That these observations can be made at all, owes much to the availability of exceptionally extensive 

longitudinal data on height in Japan. Since the 1890s, frequent medical checks, including measurement of 

height, sitting height and weight, of all Japanese schoolchildren have been mandatory. Because migration of 

children, either into or out of Japan, is very rare, school attendance has been close to 100% since the early 

Twentieth Century, and dropouts are rare,these data are today perhaps the best long-running series on 

historical growth in the world. It is possible, by following cohorts, to reconstruct the pattern of growth of the 

average Japanese child from age 6 to 17. Far more historical data on growth in all likelihood exist in Japan, 

but remain mysteriously difficult to access for both Japanese and foreign researchers, but Japan may 

currently the on the best, if not the ideal country to investigate whether the secular trend may, in part or 

entirely, result from an intergenerational effect. 

In the light of the research discussed above, it is tempting to suppose that epigenetic heredity plays a 

role in the secular trend. It is entirely conceivable that, at a certain level of welfare, an epigenetic effect 

causes growth to accelerate in each generation, relative to the previous one, or, as Schooling e.a. suggest, 

that a growth-inhibiting effect is gradually lessened. This would explain why the secular trend is as slow as it 

is, relative to economic development, and why it seems to be mostly unaffected by fluctuations in the 

economic welfare that triggers it in the first place. The idea that the secular trend may be caused to epigenetic 

heredity is not at all new. The attentive anthropometrician will remember that the pediatrician Tim Cole 

repeatedly mentioned the possibility in an article on the secular trend as early as 2000 (and again in 2003). At 

that time, there was of course little concrete evidence for specific epigenetic effects in humans , but there is 

now. 

It is certainly attractive to consider epigenetic mechanisms as causes of the secular trend. But 

although an attractive theory, it perhaps causes more problems than it solves. Firstly, it is unclear how these 

effects operate, and even what exactly they are. Secondly, it is unclear whether those effects can accumulate 

over several generations, which would be helpful, to say the least, to explain (much of) the secular trend. 

Finally, and most importantly, it is very difficult to establish how important a determinant transgenerational 

heredity is in both human growth and the secular trend, relative to economic development and other 

environmental influences. The mere finding that transgenerational influence on human development exists 

may be groundbreaking, but it is hardly satisfactory from the point of view of anthropometric research, and 

does not allow for much practical application, as long as it is not quantifiable.

If intergenerational heredity plays a significant role in the secular trend, that means that the 

maximum stature the average individual in a given population can achieve is not fixed, but changes through 

time, as growth inhibiting mechanisms are lessened, or growth-enhancing factors increased. Even if the 

underlying mechanisms are not known, this would mean that the secular trend is caused by (1). a rising 

achievable height (potential), in combination with (2). sufficient dietary and other biological standards of 

living to grow as much as the potential allows (or something close to it). One would be led to expect that the 

endogenous trend towards higher genotypical growth is triggered when a population achieves a high enough 
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level of welfare and /or low enough childhood disease load- a level that is unknown but not necessarily 

unknowable, and maintains a reasonable level of welfare long enough to continue the trend. In the 

preindustrial era, this combination of factors was unlikely to persist over a period of 6 or 7 generations in any 

given population. Japan may be well on its way, however, and in several other countries, it may very well 

have been achieved. But how to test it?

Seeking a moving target?

Tanner (1986) compared growth to a target-seeking missile. Just as such a missile may seek its target even if 

it is brought off course underway, Tanner maintained that stunted children, given sufficient health and 

nutrition, catch-up to reach a height they are genetically disposed to reach. In the light of the epigenetic 

hypothesis outlined above, this metaphor gives rise to a question. If growth is target-seeking, could the target 

be moving through time? As noted, if transgenerational heredity plays a role in the secular trend, one would 

assume that the average potential height of individuals rises through time. Under normal circumstances, this 

is very difficult to test, but if stunted children can be shown to grow towards a changing, predetermined 

height, that would be evidence of an epigentically determined secular trend. It may be possible to 

demonstrate such an effect in the Japanese case.

In the last years of the Second World War Japan experienced a nationwide food crisis, which 

intensified after defeat. Between 1944 and 1948, the Japanese were exposed to a series of more or less 

localized subsistence crisis, faltering food rations, rampant infectious disease and other hardships. These did 

not fail to impact child development at the time. Especially boys came out of the war and occupation years 

considerably shorter than boys of the same age had been before the war. The secular trend seemed to have 

been reversed; 14 year -old boys measured in 1948 were on average almost 10 cm shorter than boys of the 

same age had been in 1940. A series of papers by Ayub Ali e.a. (notably: 2000a, 2000b) on the 

anthropometric history of Japan demonstrated, among other things, the impact of wartime and postwar living 

standards on height and growth were considerable. Especially the age of takeoff and peak height velocity 

rose by about a year. When looking at the average heights at age 14, the damage done by the war is 

immediately evident:

figure 1 about here. 

Although other age-groups were slightly less affected, it is clear that the war cost Japan's youth 

dearly in stature. Or at least; it did initially; when circumstances improved, Japan's youth started a rapid 

move towards catching up. The stunted,  average 14 year old boy from 1948 grew over 8 cm between that 

initial measurement in April of that year and April '49, the highest recorded average annual growth in any 

age group and at any time in Japan's well-documented records of school-age children. With the remark of 

Tanner in mind, this is hardly surprising. When circumstances permit, children catch up to the levels of 

growth they could have achieved in the absence of stunting earlier in life. It is not at all surprising that the 
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improvement of diets in the late forties led to an orgy of growth in Japan. Children were catching up and 

regaining lost stature.

Japanese children were growing again, but to where? If the epigenetic theory (if that is quite the 

word, maybe it is more like a theorette now) is correct, one would expect that children develop towards the 

potential height that they would have had in the absence of stunting as a result of the war, and that this 

potential height would be higher than that of the cohorts just before them. What happened?

Figure 2 about here. 

As is evident from figure 2, Japanese adolescents affected by wartime food shortages not only caught up, but 

they caught up quite exactly to the height they would have been expected to reach on the basis of the rising 

stature in pre-war years. This suggests that growth is indeed target seeking, but also that the target is moving, 

and that adverse life experiences, if limited in time,  have only a modest impact on eventual height. Although 

it does not prove that the height of these Japanese boys was predetermined, it does rather strongly suggest it.

Further research plan 1:

Or is it a coincidence? The early 1950s saw a complete transformation if the Japanese diet, leading to 

considerably more protein intake than had been common before the war. One may speculate that the children 

affected by wartime circumstances were simply able to grow more after the war than they had been before it, 

and hence ended up taller than cohorts who had already stopped growing by the time the diet was 

transformed. To investigate whether this is indeed the case, I propose formalizing the above experiment, and 

perform it for all prefectures which were not strongly affected by migration (which of course does play a role 

within Japan). Not all prefectures have the same average heights, and presumably they are not at the same 

point on the secular trend at any given time. However, all prefectures were affected to some degree by food 

shortages, and all had reasonably good access to food and relief goods from at least 1949. If the catch up 

growth in those prefectures would prove to be target seeking, that would be much stronger evidence of an 

epigenetic cause for the (slowness of) the secular trend.

Further research plan 2:

The wealth of data available in Japan poses problems with regard to investigating transgenerational heredity. 

Aggregate data on growth is plentiful, but not paired. That is, it is impossible to link data concerning specific 

children to specific parents. A possible way out of this problem is to hold a survey to create a dataset that 

provides paired data over three generations of women. This can be achieved, to an extent, by surveying 

current students at their annual medical check. 

The starting point are female Japanese university students. They are a relatively homogenous group, 

to the extent that they are overwhelmingly Japanese women between the ages of 18 and 23. This implies that 

all but a few are fully mature, and have enjoyed, if not necessarily a perfectly healthy diet and environment 
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growing up, then at least no extreme malnutrition and excellent preventive healthcare. More importantly, 

given the high life expectancy of Japanese women, most of them will have a living mother and maternal 

grandmother. This allows us to pose questions about the effect of growth and development of three 

consecutive generations on the current generation. Is there a discernible effect of the experiences of the 

previous generations on the body morphology of current young people. They can be surveyed about two 

aspects of their own, and their maternal and grand-maternal, growth. 

1. The easiest measure of growth and development is age at menarche. Menarche is a moment rather 

than a process, so that changed timing is easily quantifiable, and is uncontroversially linked to 

growth. Moreover, self-reporting of age at menarche, even decades later, has been proven to be a 

remarkably viable research method in Japan. (Cui 2006) Women tend to remember, or to be able to 

reconstruct, the age at which they began menstruating with considerable precision. An innovative 

aspect of this particular survey is that we will ask the youngest of the three generations to gather 

information from their mothers and grandmothers. It is difficult to predict whether this will produce 

higher or lower return rates. On the one hand, asking and answering intimate questions across 

generational lines may be felt to be embarrassing, on the other hand the informal, intra-familial 

setting may prove less intimidating than a professional survey taker.

This particular investigation will take age at menarche of current female University students  as its 

dependent variable.  Current students were born, on average, in 1991, with a very limited range; the 

vast majority of current students were born between 1989 and 1994. Around 1990, average mothers' 

age at birth was ca 28-33 (depending on whether the child is a first child or not).  The mothers of 

current (2011) students were, hence, predominantly born in the decade or so around 1960. 

Obviously, the spread in this generation is greater, both because age at childbirth is far more spread 

than age at entrance of tertiary education, and because not all students are first children. Also, 

university students on average come from relatively well-to-do backgrounds, which may also exert 

an influence on age of mothers at birth. Nevertheless, among current students, very few will have a 

mother born after 1970 (or 1965 for that matter), and very few will have a mother born before 1955.

The much wider age bracket of the mothers of current students corresponds to a yet wider age 

bracket of maternal grandmothers. The very youngest among the maternal grandmothers of current 

students were born in the early-to -mid-1940s. The oldest maternal grandmothers were born  in the 

mid-1920s (average age at first birth was lower in this generation, but average child number higher). 

This means that most of the maternal grandmothers of the current student population were alive, but 

not yet adults, when Japan experienced severe economic hardships in the mid- and late 1940s. 

2. (especially in 1. turns out not to yield results) compare women whose grandmothers were exposed to 

the wartime/postwar subsistence crisis at different ages, fine-tuning the data by including the relative 

impact of the war on growth in their prefecture of residence.
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Table 1: Male heights Japan at age 16 and 20 1980-2003

year 16yrs 20yrs

1980 156.9 169.9

1981 156.9 169.9

1982 157.3 170.6

1983 157.3 170.1

1984 157.4 170.9

1985 157.4 170.6

1986 157.5 171

1987 157.6 171

1988 157.5 171.4

1989 157.6 171.2

1990 157.6 171.3

1991 157.7 171.4

1992 157.8 171.5

1993 167.8 171.4

1994 157.7 171.2

1995 157.8 171.2

1996 157.9 171.6

1997 157.9 171.5

1998 157.9 171.9

1999 157.8 171.9

2000 157.7 171.8

2001 157.7 172.1

2002 157.7 172.1

2003 157.7 172
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Source: Japan Historical Statistics 

Figure 1: Average height at age 14, males Japan, 1900-2004

Source: Japan historical statistics

Figure 2: observed and predicted heights at age 18, males, Japan, 1920-1960

Source: Japan historical statistics

1900
1902
1904
1906
1908
1910
1912
1914
1916
1918
1920
1922
1924
1926
1928
1930
1932
1934
1936
1938
1940
1942
1944
1946
1948
1950
1952
1954
1956
1958
1960
1962
1964
1966
1968
1970
1972
1974
1976
1978
1980
1982
1984
1986
1988
1990
1992
1994
1996
1998
2000
2002
2004

135

140

145

150

155

160

165

170

year

cm

1916
1918
1920
1922
1924
1926
1928
1930
1932
1934
1936
1938
1940
1942
1944
1946
1948
1950
1952
1954
1956
1958
1960

158

159

160

161

162

163

164

165

166

167

observed estimated

year

cm


