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Jorg Batent
Heightsand Real Wagesin the 18th and 19th Centuries. An International

Overview

Introduction

When econamic historians first became interested in the study of human stature
during the 197Gs, they hoped to find a proxy for income that would all ow estimates for
time periods and regions that could na be studied atherwise. They employed the
finding d human biologists that average (not individual) human stature was influenced
by the quality of nutrition, the disease environment and ptysicd exertion. As people
experiencing income growth usually tend to buy better foodand medicd goods for
themselves and their children, a dose correlation between average height and GDP
was expeded.2 However, the main advantage of empirica research isthe posshility to
find the unexpeded: It turned ou that under certain condtions, people born in poaer
regions becane tall er, and duing some phases of substantial GDP growth, heightsin
fad dedined, for examplein the USA and Britain between the 1820s and 184®.3 This

article compares height and red wages in Germany, The Netherlands, Sweden, France,

11 wish to thank to John Komlos, Timothy Cuff, Michad Haines, John Murray, Richard Stedkel and participants
of the 1997 SHA sesgon on 'Biologicd Wedth of Nations' in Washington for helpful comments.

2 For recent overviews seJ. Komlos/J. Baten (eds.), The Biologicd Standard of Living in Comparative
Perspedive. Stuttgart 1998 R. Seckd/R. Floud (eds.), Hedth and Welfare during Industriali sation. Chicago and
London 1997 "Genetic" determinants are lessand lessregarded as powerful explanations, seefor an overview: J.
Baten, Erndhrung urd wirtschaftliche Entwicklungin Bayern, 1730-188Q Stuttgart 1999 pp. 21-37; genetic
height differences are not visible in France dter controlli ng for economic variables, seeJ. Baten,
Kartographische Residuenanalyse an Beispiel der regiona konomischen Lebensdandardforschung iber Baden,
Wirttemberg urd Frankreich, in: D. Ebeling (Hg.), Historisch-thematische Kartographie. Konzepte - Methoden -
Anwendungen. Biglefeld 1999(in print), pp. 98-109.

3 J. Komlos, Shrinkingin a Growing Economy: the Mystery of Physica Stature during the Industrial Revolution,
in: Journal of Economic History 58, 3, 1998 pp. 779802 J. Komlos, The Seaular Trend in the Biologicd
Standard of Livingin the United Kingdom, 17301860 in: Economic History Review 46, 1, 1993 pp. 115144
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Austria and Britain in order to seeif this"Early Industrial Growth Puzz€" also applies

to ather courtriesin the 18" and 19" centuries.

The puzZzle led to more research onthe influence of the disease environment and
pubdic hygiene, because rising incomes and caastrophic hygienic condtions often
coexisted in the large industrial towns, such as Manchester or New Y ork.4 Feinstein
recantly reduced the unexplained gap between height and income growth in the 183G
and 184G for the English case: he estimated that red eanings (adjusted for
unemployment, number of dependants and urban disameniti es) were probably
stagnating, nd rising 5 But still, the unexplained gap has led several scholars to suggest
that a nutrition-independent influence of the disease environment mainly determined
changesin height over time. Whil e this fador might have @ntributed to the dedinein
heights, this article agues that red wages and aher econamic variables (such as the
relative priceof animal proteins) had a stronger impad.

Wefirst discussthe relative influence of GDP and red wage on heights, and
then proceal to addressa methoddogicd isaue: many European samples consist of 19-
or 20-yea-old conscripts who were still growing at the time they were measured. It is
important to clarify, whether the influence of econamic condtionsin the yeas
preceading measurement, or the influence of the yeas foll owing krth had the biggest
influenceon height at the time of measurement.é The third and fourth sedions compare

height and red wages for the 18th and 19h centuries respedively. Sedion 5explores

4 There ae other fadors that have an impad on height, sseKomlos, Shrinking.

5 Charles Feinstein, "Pessmism Perpetuated: Red Wages and the Standard of Livingin Britain during and after
the Industrial Revolution,” in: Journal of Economic History 58, 3, 1998 pp. 625658

6 More predsely: if height H is measured at age 19 at time't and red wages are denoted by W, then are H, and
W1 more highly correlated, or H; and W_1o.
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the influence of red wages on heights and the potential influence of the disease

environment (proxied by infant mortality rates), and sedion 6concludes.

1. Real wages and real income per capita

The traditional measures of the standard of livinginclude red wages and red
GDP per capita. For the 20th century, red GDP per capitawas foundto be dosely
correlated with anthropametric measures, provided the income distribution was
controlled for.” For prior centuries, however, we have only scatered data on bah GDP
andincome distribution. As most studies are on lower classheightsin this epoch, ore
would exped red wagesin lower classoccupationsto be more dosely correlated with
height than with GDP, particularly withou controlli ng for shiftsin the income
distribution. The red wage variable has the alditional advantage to be available for a
number of courtriesin the 18th and 19h centuries for which noGDP series have been
estimated. For Germany, noannual data ae avail able prior to 1850,and the seriesfor
1850-1900is gill under debate.8 For the Dutch case, Horlings and Smits showed that
red wages and red income per cgpita deviated considerably from one ancther in the
19th century, asthe commercial gains from colonial adivities boosted GDP, bu the
additional income was unevenly distributed and dd na show upin red wages. Hence,

it had littl e influence on the nutritional status of the poarer segments of the

7 The foll owing studies $owed this empiricaly: R. Stecke, Height and Per Capita Income, in: Historical
Methods 16, 1, 1983 pp. 1-7; H. Brinkmar/J. W. Drukker, GDP per Capita and the Biologicd Standard of
Livingin Contemporary Developing Courtries, in: Komlos/Baten, Biologicd, pp. 55-89; R. Stedkel, Stature and
the Standard of Living, in: Journal of Economic Literature 33, 4, 1995 pp. 190340.

8 Fremdling,-Rainer, German National Accourts for the 19th and Early 20th Century, in: Scandinavian
Economic History Review 43, 1, 1995 pp. 77-100. A. Ritschl/M. Speerer, Das Bruttosozial produkt in
Deutschland nach den amtli chen Volkseinkommens- und Sozial produktsdatistiken, in: Jahrbuch fir
Wirtschaftsgeschichte 1997, 2, pp. 27-54.
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popuation? Average red income per capitaincreased nealy at a wnstant rate during
the 19th century, whil e red wages failed to doso urtil the 185Gs. To be sure,
afterwards they did read the growth rates of GDP.

Red expenditures per cgpita of course includes many comporents that are not
diredly related to nurition, such as financial services, while red wages - at least up to
the midde of the 19th century - were relevant, in the main, for the poarer segments of
the society, whose income dasticity of demand for foodwas relatively high.10 Hence,
fluctuationsin red wages would have had alarger impad onfood expenditures than
those of red income (in wedthier econamies, clothes and aher consumption good
had a more substantial influence). Perhaps an even closer correlation with height might
be expeded with naminal wages divided by food gices, particularly if dairy and
animal products were given alarger weight than warranted, insofar as (a) animal
protein was particularly scarce and expensive in Europe before the 20th century, and
(b) theincome dasticity of demand for such fooditemstendsto be higher than for

cabohydrates.

2. Theeffects of birth year (BY) and the year s before measurement (YBM) on
height

A significant methoddogica question that has nat yet been clarified
convincingly isthe relative importance of environmental circumstances on plysicd
stature & different ages. Thisisirrelevant as longas anthropametric historians put the

main emphasis on longterm trends of human stature. In order to determine whether

9 E. Horlings/J. Smits, The Quality of Lifein the Netherlands 18001913 Experiments in Measurement and
Aggregation, in: Komlog/Baten, Biologicd, pp. 321-343 here 331
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there was adedinein height in the late 18th century, for example, it isrelatively

unimportant to knav exadly whether this dedine started in 1746 © 1748.Y et, short-
term variationsin height might provide further insights into the relationship between
anthropametric and econamic processs.!1

Environmental fadors during the first threeyeas of life have undoultedly the
most important influenceon final height. Thisinfluenceis apparent, for instance,
among Germans born duing the hunger yeas of 194548, who remained significantly
shorter than the precaling a subsequent generations.12 Many examples reported below
illustrate a ¢ose wrrelation ketween adult height and red wages at the time of birth.13
Tanner reportsin arecent essay that 1.3cm (or 70%) of the ultimate 1.9 cm height
diff erence between socia classesin the United Kingdam was aready present at age
2 .14 However, the question remains, how shoud we cmmpare individuals aaosstime
who are till growing? That is, shoud we organizetheir height by yea of birth or yea
of measurement, or aweighted average of both? The poaly nourished 1%h-century
Europeans were growing upto age 22 a 23, while 20th century popuations and
Americans and Australians of the 19th century readed their terminal height much
ealier (aroundage 18). In the foll owing paragraphs, | shall focus on the height of

individuals dill growing .

10 3. Komlos/P. Coclanis, On the "PuzZing' Cyclein the Biologicd Standard of Living: The Case of Antebellum
Georgia, in: Explorationsin Economic History 34, 1997, pp. 433459,

11 see 4so U. Woitek Cyclesin Heights. Unpubli shed manuscript Univ. Glasgow 1999 who finds a strong
influence of the two yeas before measurement using spedral anaysis.

12 H. Greil, Age- and Sex-spedfity of the Seaular Trend in Height in East Germany, in: Komlos/Baten,
Biologicd, pp. 483496

13 Red wages and heights of male and female Bavarian convicts (organized by birth yea) between the 1830 and
1870s are closely correlated, seeJ. Baten/J. Murray, Influences on Heights of Men and Women in Nineteenth
Century Bavaria. Munich/Toledo mimeo. Figure downloadable under www.vwl.uni-
muenchen.de/ls_komlog/joerg.html. Red wages are from R. Gémnel, Wadhstum und Konjunktur der Nirnberger
Wirtschaft (18151914). Bamberg 1978

14 3. M. Tanrer, Introduction: Growth in Height as a Mirror of the Standard of Living, in: J. Komlos (ed.).
Stature, Living Standards, and Economic Development: Essaysin Anthropametric History. Chicago 1994 pp. 1-
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Measured in 1947 seven to nine yea old boys and grlsbornin 193840 were

obviously malnourished (Figures 1 and 2)15. Measured again yeas later, this
nutritional insult has left virtually no effea ontheir heights.16 Catch-up gowth duing
the foll owing, much more favorable period d the 1950 and 196@ brougtt their height
badk to the growth trajedory that was mostly determined by the first two or threeyeas
of life. Thosewhowere bornin 19451947remained shorter, however.

James Tanner recently suggested that "alow mean height at age 18 may be due
to red stunting d growth and till be present at 25, a may be due simply to a delayed
tempo and owercome by age 25."17 He added furthermore that when environmental
circumstances change, "growth isthe first thing aff eded”.18 This points to a greaer
relative importance of the yeass precaling measurement. Thisnationis suppated by
the fad that the height series of the 7, 8,and 9yea-old children are dosely correlated
if they are organized by yea before measurement, bu nealy uncorrelated if organized
by yea of birth (except for the mmmontrend). The sameistrue for Richard Stedkel's
slave manifest sample of blad children.i® The growth delay eff ed of the years around
measurement dwarfs the birth yea effed in those cases.

The sameistrue for asample of 21,064 Bavarian conscripts of age 20. They
were no exception to the fad that the relatively poaly nourished men of the 18th and
19th centuries grew until age 22 a 23: some of the aonscripts were measured at age 21

and 22again; a sample of 91 conscripts grew 1.4 cm between age 20 and 22,and 0.5

6

15 Data from J.M. Tanrer, Foetus into Man: Physica Growth from Conception to Maturity. Cambridge 199Q p.
130

16 Greil, Age- and Sex-spedfity.
17 pid., p. 3,
18 Tanrer, Foetus.
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cm of this growth took dacebetween age 21 and 22.While average growth is

overestimated with this sample, as only those soldiers were repeaedly measured that
wereinitialy unfit for service (for disease or height reasons), the values fit growth
standards of that time relatively well .20

In aregresson analysis of heights onred wages, asignificant influence of the
red wage level during the two yeas before measurement was foundfor Bavarian
soldiers (Tables 1 and 2). In contrast, regressng heights on red wages of the birth
yea (or an average of thefirst threeyeas of life) yielded nosignificant results. Two
aternative methods have been propased to assgnweights to diff erent ages that might
affed height: The YASSS ('Y ealy age- and sex spedfic increease in stature’) and
Coll'sweights. Brinkman, Drukker and Slot developed the YASS S weights arguing
that the influence of environmental circumstances at a given age might be propartional
to the share of growth acemplished at that age (seeTable 1, column 1).2t Asinfants
grow fastest, the impad on later height is also large. Afterwards, the impad dedines,
rebounds during pulerty, and dedines again. Coll simplified this method by assgning
weights that remained constant for a number of growth yeas (seeTable 1, column 2).22
Looking at the influence of red wages by weighing them with the YASS S or Coll

index did na produce statististica significance ather.23

19R. Steckel, The Hedth of American Slaves: New Evidence ad Analysis. Paper given on SSHA conferencein
Chicago 1995 | thank Rick Stedkel for letting me analyze his data, but | will not present them in table or graph
before he firstly published using them.

20 E.Ph. Mackeprang, De vaernepligtiges Legemshojde i Danmark. [Copenhagen] 190711,

21H, Brinkmar/J.W. Drukke/B. Sot, Heights and Income: A New Method for the Estimation of Historicd
National Income Series, in: Explorationsin Economic History 25 (1988, S. 227-264.

22 3 Coll, The Relationship between Human Physicad Stature and GDP (Some Experiments with European Time
Series), in: Komlog/Baten, Biologicd, pp. 384-407.

23 For other subsamples of Bavarian conscripts that were still growing, cdculating composite indices based on

the YASSS curve aways yielded lower RZsin regressons on red wages, compared to regressons using red
wages in the two yea's before measurement alone.
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The rrelation coefficient of the heights of the still -growing conscripts by yea

before measurement (Y BM) with the final stature of adult convicts from the same
region, bu organized by birth cohatsis 0.59 (Figure 3). Only the wnscripts measured
in 183539 (=birth cohat 181519) deviates from the expeded trend - probably
becaise they were born duing the greaest famine of the century (181617), andthis
produced a permanent eff ed. If the famine ahart is omitted, the aorrelation coefficient
risesto 0.79.

The more dependent aregional popuationwas on bwing foodin the market,
the higher was the dasticity of their heights with resped to red wages. The most
obvious example is the weaving dstrict of Stadtsteinadch in Northeastern Bavaria
(Figure 4), bu the conscripts born in the other ealy industrial districts also show a
significant relationship (Figure 5).24

Hence, the foll owing rule-of-thumb seams appropriate: if the analysis pertains
to youth, then the e@namic and environmental condtions during the yea immediately
precealing the yea of measurement shoud be considered, whil e for adult heights one
shoud use explanatory variables at time dter birth. One possble explanationis that
for infants the immediate impad of exogenous fadors on gowth may very well be
substantial. Over the yeas, howvever, a cetain amourt of cach-up gowth may occur
with the result that the anthropametric impaa of insults during the ealy yeas might
well be dwarfed by strong bu temporary growth retardations or increases, and this
temporary effed is measured in the heights of still -growing-conscripts. Additional

cach-up gowth might occur later, leadingto afinal stature mainly determined by the

24 See dso Woitek, Cycles.
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first yeas of life. Hence in thelongrunasfar asfinal adult heights are cncerned, the

nutritional status of the infant might have mattered the most.

3. The height-real wagerelationship in the 18th century: Austria, Bavaria,
Sweden, UK

Komlos was the first to describe astrong davnward trend o heightsin the late
18th century.25 Comparing hs height estimates for the threewestern provinces of the
Habsburg Empire to the purchasing paver of daily wages reported by Sandguber, a
common movement of the two series between the 175G andthe 179Gs is quite
apparent (Figur e 6).26 During the two decales before mid-century the seriesdo nd
move together, however. In the 17305, red wagesin Austria sean to have reatded
their 18th century peek, whil e heights were increasing and readed their maximum a
decale later. The downward deviation d red wagesin the 174G isknown to be
caused by the hunger yeas of 174041 that seansto have left no permanent mark on
adult heights. The sameistrue for Bavaria (Figure 7). In thisfigure, heights by birth
cohat andred wages are given by five yea averages.2” In Sweden, the dimaticdly
favorable 1730Gs dand ou even stronger in terms of red wages (Figure 8). After this
decale, red wages dedined mildly or stagnated until abou 1800,whil e heights darted
to recover somewhat in the very last decales- similarly to the Bavarian and Austrian

case.28

25 3. Komlos, Nutrition and Economic Development in the Eighteenth-Century Habsburg Monarchy: An
Anthropametric History. Princeton 1989

26 R, Sandguber, Die Anfange der Konsumgesell schaft: Konsumgiiterverbrauch, Lebenssandard und
Alltagskultur in Osterreich im 18. und 19 Jahrhurdert. Miinchen 1982

27 Baten, Ernshrung

28 M. Heintel/L. Sandlerg/R. Secké, Swedish Historicd Heights Revisited: New Estimation techniques and
Results, in: Komlos/Baten, Biologicd, pp. 449458 Swedish prices are from L. Joerberg, A History of Pricesin
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A similar recovery did na take placein England (Figur e 9).2°2 Perhaps due to

the Napaeonic wars, English heights dedined urtil the 180Gs. Thisis confirmed by
the heights of boys of the Marine society in London(Figure 10). 30 In sum, red wages

and heightsin the 18th century are charaderised by very similar general trends.

4. Heightsand real wagesin the 19th century: UK, US, Sweden, Bavaria, France,
Netherlands

Between the 1800 and 182®, bath the Marine society and milit ary data display
astrongreavery.3t Mokyr and O'Grada’s estimates for the East India company's army
confirm this recovery, while Riggs estimates based ona sample of Scottish convicts
are lessoptimistic for this regard .32

That the trend d heights and red wages diverged after the 18205 in the United
Kingdan andthe U.S,, isknown as the ealy indwstrial growth pwzzle (Figure 11).33 A
key to the understanding d this puzzle might be that the heights of rural popuation
dedined the most, whil e those of urban workers the least, and that the red price of
nutrients increased. In the UK, the height of female rural criminals dedined abou 1.5

cm between the 182Gs and the late 184Gs, whil e the urban ones dedined ony abou 1

Sweden 17321914 vol. 2. Lund 1972 The districts of Vaestermanland and V aesternorrland were excluded,
because they foll owed a ampletely different path, compared with the other 11 dstricts, so that | would regard
them as outli ers. Otherwise, Swedish red wages would stagnate, not dedine.

29 Acoording to the estimate in Komlos, Seaular. For a contrary view seeRoderick Floud/Bernard Harris,
"Hedth, Height and Welfare: Britain, 17001980" in: Steckd/Floud, Hedth, pp. 91-126. Red wages are from
E.A. WrigleyR.S. Schdfield, The Population History of England 15421871 Cambridge 1981

30 M. Heintel/J. Baten, Smallpox and Nutritional Statusin England, 17701873 On the Difficulti es of
Estimating Historicd Heights, in: Economic History Review 51, 2, 1998 pp. 360-371; J. Komlos, Shrinking, p.
781

31 Heintel/Baten, Small pox.

32 3. Mokyr/C. O'Grada, Height and Hedth in the United Kingdom 1815186Q Evidence from the East India
Company Army, in: Explorations in Economic History 33, 1996 pp. 141-168 P. Riggs, The Standard of Living
in Scotland, 1800-185(Q in: Komlos, Stature, pp. 60-75.

33 Komlos, Shrinking.
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cm.34 Similarly, the height of Scottish female prisoners dedined more in the rural than
in the urban areas.36

There ae anumber of additional potential reasons for this divergence In the
U.S. case Komlos argued that the two most important reasons probably were: the
increasing relative price of nutrients and market integration. The U.S. was gradually
developing from afrontier ecmnamy (with extremely high protein suppy) to amodern
industriali zed society. Other potential explanations, such asincreasesin the inequality
of income, or high income variability eff eds also aff eded the other European
courtries, for which we find pasitive height-red wage wrrelationsin the 1830 and
1840538

A fador that caused presaure onthe UK and U.S. econamies was the strong
popuation gowth duingthe ealy 19" century.2° But how could popuation growth
affed people's nutritional status, if red wages were not dedining? | have agued
elsewhere that in the Briti sh case, the increasing relative price of protein might have
played arole, asit was more difficult to nouish this already densely settled and rapidly

urbanizing courntry with enoughanimal protein, whil e starches were eaier and chegper

34 p. Johrsor/S. Nicholas, Hedth and Welfare of Women in the United Kingdom, in: Steckel/Floud, Hedth, pp.
201-249, here p. 221; for the most recent survey - but contrary arguments - on English height studies, see
FloudHarris, Hedth.

36 Riggs, Standard. In contrast, Floud, Wadter and Gregory argued that urban heights dedined more than rural
ones. R. FloudK. Wachter/A. Gregory, Height, Hedth and History. Nutritional Status in the United Kingdom,
17501980 Cambridge 199Q pp. 205-7. However, their result might be due to their defininition: "urban" were dl
inhabitant of large regions around London, Manchester, Newcastle and in South Wales, including many rural
inhabitants of the English North, the aea aound London, and the Walisian South. On the other hand, alot of
small er towns outside of these aeas were @unted as "rural”, seeibid., p. 201 It islikely that the inhabitants of
areas nea towns dedined most between 1820and 184Q the period o rapid urbanizaion, because farmersin
these aeas nea towns ld more and more milk and med on the urban markets. In contrast, day-laborers of these
regions, who previously consumed milk at negligible prices, might have had to buy foodin the market
subsequently, competing with urban dwell ers of higher purchasing power.

38 Komlos, Shrinking. On income inequality and red wage variability in Bavaria, sor example, seeBaten,
Erndhrung pp. 105-109.
39 The English population grew by 1.4% per yea during the ealy 19" century, the Prussan only by 1.1% and the
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to import.40 Horrell founda shift in lower classbudgets during this time avay from
animal proteins towards garches and industrial goods: Household budgets of 184054
contained 19 more expenditures on starches and gain (compared to 183039), bu
8% lessmilk, butter and cheese, 19% lessfor med, fish, eggs and fat.41

Aside from these two exceptional (Anglo-Saxon) cases, the general pattern of
height and red wage trends in the rest of Europeis smilar to ore ancther. In Sweden,
red wages and heights improved considerably between 1800and the nutritionall y
favorable 182Gs. Afterwards red wages dedined modestly and heights dagnated urtil
mid-century, starting an upward trend theredter (Figure 12). Esentially the same
pattern was foundfor Bavarian female wnvicts. red wages at the yea of birthis
pasitively correlated with heights.42

Dutch heights also increased until the late 1820 and dedined considerably
theredter (Figure 13).43 Red wages increased in the Netherlands until the ealy 182Gs,
afterwards there was no permanent improvement, urtil after the 186Gs. If one
recdculates red wages by giving geaer weight to foods rich in animal protein, the
result would be adedinein "protein weighted" red wages from the 1820sto 185G
The mnsumption d bread and pdatoes dedined much lessthan the intake of protein-

rich med, cheese and mil k.44

French population by 0.45%. The population of Saxony was growing faster. SeeBaten, Erndhrung p. 45.

40 Baten, Erndhrung p. 108-110. Relative prices are cdculated from A. Jacobs/H. Richter, Die

Grosshandel spreise in Deutschland von 1792 bs 1934 in: Sonderhefte des Instituts fir Konjunkturforschung 37,
ed. by E. Wagemann. [Berlin] 1935 On England, seeB.R. Mitchell, Briti sh Historicd Statistics. London 1988
41 S Horrell, Home Demand and Briti sh Industriali zation, in: Journal of Economic History 56, 3, 1996 pp. 561-
604, here p. 580.

42 Baten/Murr ay, Influences. In addition, we have seen above, that the male cnscript sample responded
sensitively to red wage dhanges, espedally in the more industrial districts.

43 JW. Drukke/V. Tasenaar, Paradoxes of Modernisation and Material Well-Beingin the Netherlands during
the Nineteenth Century, in: Seckd/Floud (1997 pp. 331-378

44 Horlings/Smits, Quality, p. 331
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If one wnsiders Dutch red wages and heights onan annual basis, the dasticity

of height at age 19 kecomes quite dea (Figure 14).45 Espedally during the aises and
reaveries aroundmid-century, heights reated very sensitively to red wage danges.
France eperienced a similar stability of red wages - averaged by five-yea-groups - as
the Netherlands did.#¢ If one examines the height and red wage relationship onan
annual basis, a short term dedine aound 184647 and 185354 isvisible in the series,

causing asignificant correlation (Figur e 15).

5. Heights and infant mortality asa proxy for disease environment

The disease environment also influences physicd stature.4” A frequently used
proxy for it isthe infant mortality rate. Using the incidence of individual diseases
would be problematicd, because it is difficult to weigh the importance of one disease
against ancther, and the dassficaion d disease in the 19th century is unsystematic.48
To be sure, infant mortality itself has drawbadks as a proxy for the disease
environment, insofar asit isalso influenced by nutritional intake. Future reseach
shoud explore methods of orthogoralization, so that an index, independent of food
intake, could be developed for the severity of the disease environment.

Infant mortality had littl e influence on heights ac@rding to the six multiple

regressonsreported in Table 3. Only in the Dutch caseisits coefficient close to

45 Dutch red wages are from A. Vermass, Wages, Salaries and Income Inequality in the Netherlands 18501913
(forthcoming), cited after Horlings/Smits, Quality, p. 342

46 D, Weir, Economic Welfare and Physicd Well-Beingin France, 1750-199Q in: Steckd/Floud, Hedth, pp.
161-200. Red wages are from J.G. Willi amson, The Evolution of Global Labor Markets snce 1830 Badkground
Evidence axd Hypotheses, in: Explorationsin Economic History 32, 1995 pp. 141-196.

47 For arguments, why this fador also alone does not explain the "Early Industrial Growth Puzzle", seeKomlos,
Shrinking. For example, the growth of large industrial cities with problematic hygienic conditions sould aso
have had an influence on heights between the 1800 and 182G, but during this period heights were increasing.

48 R. Spreg Der Riickzug des Todes. Der epidemiologische Ubergang in Deutschland wahrend des 19. und 20
Jahrhurderts, in: Historicd Social Reseach 23-1/2 (1998, pp. 4-43.
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statisticd significance (p-value=0.11) and hes the expeded sign. For France, the red

wage variable has a significant influence, but not the disease proxy. The Bavarian red
wage wefficient isalso significant, and it makes no dff erence whether infant
mortality isincluded or not.4°

6. Conclusion

Thered wage - height relationship is apparent in most of the caes we
considered, with the exception d the U.S. and Grea Britain between 1820and 1840.
The "Early Industrial Growth Puzzle" of Britain and the U.S. appeasto be the
exception, rather than the rule. The only other significant exception deserving
additional attentionisthe 17305, which witnessed favorable red wages in several
courtries, bu had lessof a pasitive resporse in terms of heights. In addition, Dutch
red wages displayed nosignificant trend, whil e heights dedined urtil mid-century.
This might be explained by a shift from protein-rich foods to starches.

The methoddogicd sedion d this paper was devoted to the question whether
the influence of red wages on heights of individuals ill growingwas gronger when
the yea of measurement was the basis of comparison a the yea of birth. The results
were based onthe analysisin the anthropdogicd literature and onregresson analysis
of the height-red wage relationship for bath ages (or aweighted average of all ages). |
conclude that the yeas before measurement had an influenceon reights, if the
measured individuals were till growing. If they were measured after reading their
final height, then the eavironmental circumstances of the first yeas after birth had the

stronger influence

491 aso tested the height and red wage series for trends and for unit roats, using the Augmented Dickey Full er
test (ADF). The results are avail able on hitp://mww.vwl.uni-muenchen.de/ls_komlog/joerg.html.
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Finally, the influence of red wages was contrasted with a possble additional

influence of the disease environment, proxied by infant mortality rates. Thisinfluence
was not foundin the French or Bavarian cases of the 19th century, only in the
Netherlands is there some evidence of asignificant influence The reasonfor this
might be that the Netherlands was the most urbanized courntry of Europe, and therefore
guite vulnerable to dsease encourters. In conclusion, the generali zaiion might be
appropriate that the @rrelation ketween height and red wagesin the 18" and 19"
centurieswas gronger, the lessdeveloped the e@namy was. Further anthropametric

reseach in thisdiredion shoud reved more such relationships.
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Table 1. Weights given to environmental influence on adult height

YASSS Coll
Age Weight Weight
01 15.4 1.00
02 9.2 1.00
03 7.5 1.00
04 6.7 1.00
05 5.8 1.00
06 5.0 0.45
07 5.0 0.45
08 4.2 0.45
09 3.3 0.45
10 3.3 0.45
11 3.3 0.45
12 4.2 0.45
13 4.2 0.45
14 4.2 0.50
15 5.0 0.50
16 5.0 0.50
17 4.2 0.50
18 2.5 0.50
19 0.8 0.50
20 0.8 0.50
Sum 100 12.1

Notes:

YASSS: 'yealy age- and sex-spedfic increasein stature'. The weights of environmental influence
acaording to the average growth at al ages as proposed by Brinkmar/Drukke/Sot, Height.

Coll: seeColl, Human Stature.
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Table 2: Four weighted least squar e regressions of height at age 20 (=dependent
variable) on real wagesin Bavaria, different weighing procedures (N=30 years)

Regr. No. 1 2 3 4
Age 1920 1-20 1-20 1-3
method YBM YASSS  Coall BY
Red wage 0.03* 0.00 0.00 0.00
R square 0.35 0.00 0.00 0.00
Durbin-Watson ~ 1.65 1.58 1.59 1.56

Notes and abbreviations: * Indicates sgnificance d the 1% level. None of the series contains a
significent timetrend (0.01-level).

YBM: red wages are those of the two yeas before measurement. One ouitlier was excluded (1843,
that was more than 2 s.d. from the mean, otherwise the R square would have been 0.26,significance
levels and coefficients remain urchanged.

YASSSandCall: seeTable 1 for the relevant weights used to weigh the red wages during the life
course of the rearuits.

BY: red wages are thase of thefirst threeyeas of life.
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Table 3: Six Regressions of height on infant mortality and real wage

1 2 3 4 5 6
NL FRA BAV NL FRA BAV

Constant 163.F* 162.2 164.8 163.6 162.3 1644*
Infant mortality -0.45 -0.08 0.13
Red wage 477 541 190+ 473 545 1.8%
Lagged dependent var. 0.89% 0.70

Log Likelihood -164.0 -150.6

R square 0.78+ 0.14 0.78 0.14
Durbin-Watson 1.30+ 1.87 1.36+ 1.84
N 63 39 29 41 39 29

* Indicates gatisticd significanceat the 10% level.

+ Invalid dwe to unit roat, but cointegration analysis (seetests on www.vwl.uni-
muenchen.de/ls_komlos/joerg.html) confirmed consistent estimate.

Cofficients (except constants) are multiplied by 100for better readability.

Sources: Seetext. Infant mortality rates are from B.R. Mitchell, International Historicd Statistics:
Europe 1750-1988.New York, 3% ed. 1993 and for Bavaria: Beitrage zur Statistik des K6énigreichs

Bayern. Minchen (various yeas).
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Figure 1. Height of Stuttgart girls
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Figure 2: Height of Stuttgart boys
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Figure 3. Real wages and male heights (Convicts and Conscripts) in Bavaria
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Figure 4. Heights and real wages in the weaving region of Bavaria, 19th century
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Figure 5: Heights and real wages, other indsutrial Bavarian districts
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Il Tha hoicht_real waoe relationshin in the 18th centurv: Austria, Bavaria, Sweden, UK

Figure 6: Heights and real wagesin Austria

Figure 6:  Heights and real wages in Austria
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Fig. 7: Heightsin Bavaria and grain/potato production per capita
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Figure 8: Heights and real wages in Sweden, 18th century

Figure 8: Heights and real wages in Sweden, 18th century
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Figure 9: Heights and real wages in England, 18th century
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Figure 10: Heights of London boys (Marine society) and real wages
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Fig. 11: English heights, real wages, and relative prices for animal products
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Figure 12: Heights and real wages in Sweden, 19th century
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Figure 13: Dutch heights and real wages, 19th century
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Figure 14: Dutch heights and real wages, 19th century
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Figure 15: Heights and real wages in France, |9th century
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V. Heights and infant mortality as a proxy for disease environment
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