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ABSTRACT

This paper identifies demand induced changes in the price of women’s time as
a factor determining the fertility transition. Changes in world prices of
grains and animal products in the'1880;s‘affected the composition of Swedish
'output and labor demands. The increase in the pricé of butter relative to
‘grains improved women”s wages relative to men's,_and.contributed thereby to the
decline in fertility. When child mortality, urbanization, and the real wages of
men are held constant, aggregate county—lgvel'data for a 50-year period,
1860-1910, suggest that this exogenous appreciation in the value of women”s
time, relative to men”s, explains a quarter of the concurrent decline in Swedish

fertility.




Changing World Prices, Women’s Wages, and the Fertility Transition:

Sweden 1860-1910%

"Economic explanations for the historical fertility decline in the West
generally assume that the price of children has increased relative to other
goods, and that some of these other goods substitute, in the view of parents,
for having many children. Moreover, this substitution by parents away from a
large family because 6f the price change must be sufficiently strong to offset
the tendency conjectured by Smith (1776) and Malthus (1798) for fertility, of at
least a woman’s surviving offspring; to increase with real wages and rising
standards of living. To argue that a change in the relative price of children
has."explained" the secular trend in fertility, the price change must come from
"outside the family or household sector, namely, it must be éxogénous to parents
and be independent of their preferences and behavior.l/ To give this economic
interpretation more content, a market-dictated change in price must be specified
that is reasonably linked to the rising price of children and to the consequent
fertility transition.

It is widely conjectured that an important element in the rising opportunity_
cost of children is the market value of women’s tiﬁe relative both to market
goods and servicgs, and to the market value of men’s time (Becker 1960; Mincer,
1962). Most empirical evidence assembled in support of the hypothesis that the
rising value of women”s wage opportunities contributes to the secular decline in
fertility is based on cross-sectional correlations, where women’s wage
opportunities are either proxied at the individual level by women’s education,
or measured at the aggregate level by the regional wage rate, holding constant
in both cases men’s wages, income, or education and a variety of other possible

fertility determinants, such as the level of child mortality (Knodel, 1979;




Schultz, 1981). In the first case, there are many noneconomic interpretations
for the cross-sectional association between women’s education and their
fertility, and a deeper analysis is called for to indicate whether this
association is predominantly a reflection of econoﬁic attributes of more
educated consumers and producers. In the second case, the aggregate wage
received by working women is influenced by the number and type of women seeking
work and their conditions of work. Women”s wages may be depressed (elevated) by
their increased (decreased) aggregéte labor supply and net migration, as well as
by their selective characperistics.Z/ If women enter jobs where investment in
market skills and on-the-job training becomes important, their observed wages
over their employment (life) cycle may deviate systematically from a static
concept of marginal productivity, or the average opportunity value of all
women”s time may differ from ﬁhe wage accepted by working women (Smith and Ward,
1985).

To distinguish between the supply and demand determinants of wage rates,
information is needed on a force outside the local economy and society ;hat
autonomously causes relative prices or technological possibilities to change in
a quantifiable manner, thereby affecting only the aggregate derived demand for
female labor relative to that for male labor. Any ensuing variation in relative
wages for women and men thus identified may then be treated as demand induced
and independent of labor supply behavior. The crux of the economic demand
hypothesis is that the output price—driven changes in the structure of
production explain women’s historically changing economic and domestic roles,
with fertility adapting to these economically modified opportunities.i/ As an
alternative explanation, the fertility transition may be seen as a series of
changes in individual supply behavior induced by changes in culture (Coale,

1973) or by the secularization of society (Lockridge, 1983), changes that




simultaneously alter reproductive goals and encourage women to engage in
lifetime labor market commitments, with the incidental on-the-job training
effect of raising the market wages of women relative to men. This paper argues
that exogenous international price changes promoted change in fertility and
women's labor market roles in Sweden, and these accurately monitored inducements
for the composition of output and labor demands to change can be confidently
treated as exogenous to the Swedish society. If the empirical case for Sweden
is persuasive, that this price development contributed to the onset of the
fertility trahsition, it may help td explain the common timing of the fertility
transition in many other Northern European countries that confronted similar
problemsaof doméstic economic adjustment to the same shift in ﬁorld agricultural
prices in the latter half of the 19th century (e.g. Ankarloo, 1979; Matthiessen,

- 1983).

The Economic and Demographic Setting

From about 1750 to 1850 the price of grains in Europe increased relative to
agricultural wages (Slichter van Bath, 1963). This developmentveﬁcouraged the
extension of cultivated area and investment in agriculturél infrastructure,
consolidation of landholdings, and techmological change in Sweden (Thomas, 1941)
as it did elsewhere in Europe. For example, the real waée paid to men for day
labor during the summer harvest season stagnated from 1732 to about 1850 in
Sweden (Appendix Table A-1). From 1851-55 to 1876-80 freer frade in agri-
cultural goods contributed to a four fold increase in Swedish grain exports,
with oats accounting for 90 percent of these exports by the end of the period
(Fridlizius, 1957, Table 13). But with the European grain crisis of the 1880s,
Swedish grain exports collapsed and were only one-tenth their former level by

1900, while butter exports increased four fold, replacing grains as a proportion




of total exports (Fridlizius, 1957, Table 64). This redeployment 6f
agricultural resources was induced largely by the decline in the world price of
grains relative to the price of butter and other animal products. Protection
measures adopted by Sweden did not insulate the domestic economy from this price
shock. In the 1860s and 18705 more than half of Sweden”s national income from
agriculture was generated by the production of crops, rather than livestock or
dairying, whereas the share of crops had fallen to 30 percent by 1906-10
(Thomas, 1941, Table 22).~ The primary cause for the realignment in world
relative prices was the opening up of fertile new lands in the Midwest U.S. and
the Russian steppes, combined with the declining cost of transportation from
these regions to European markets.

Technological change r;inforced these pressures of world relative prices to
encourage the reallocation of production from grain to animal husbandry. Im-
provements in livestock breeding facilitated a doubling of milk yields per cow
and increased butter fat percentages in the last quarter of the century
(Lindahl, 1937). The efficiency with which milk was processed into butter and
cﬁeese also increased, through the improvement in separator technology pioneered
in Lund. Refrigerated transportation also widened the market for Sweden’s déiry
and animal products.

Dairying and the milk processing were "women’s work" in Sweden, as they
often are in other societies (Smell, 1981). The production of grains and root
crops, on the other hand, placed greater éemands on male labor, and integrated
beef and pork production probably also employed mainly male labor. The
hypothesis tested later in this paper is that price movements that raised the
profitability of butter production relative to'grain production should have been
associated with improvements in women”s agricultural wages relative to men’s,

other things being equal.




At the other extreme of the employment continuum, forestry and sawmills
hired almost exclusively male workers .2/ Although data are scarce on employment
in this sector, Sﬁedish output grew rapidly in the latter h#lf of the century.
By 1861-65, exports of boafds and planks had equaled in value Sweden’s
traditional exports of iron, and thereafter continued to increase four—-fold
more, before sﬁbsiding at the turn of the century. With high wages but few jobs
" for women, the northern tier of counties that relied heavily on forestry may
héve resémbled isolated mining communities, which have been shown to exhibit
unusually high levels of’fgrtility in Europe and America (Haines, 1979).

In the industrial labor force women were concentrated in textiles and food
processing. The 1920 census, the first to distinguish thevindustrial distri-
butién of the labor force by sex, reported that three-fourths of women employed
in industry'vorked in theég two sectors, which accounted for 28'§ercent of the
entire industrial labor force.2/ Wage series in these two sectors show that
women’s wages were between 60 and 67 percent of those received by males. By
contrast, day agriculture wages for women were as low as 50 percent of male
wages in 1870-74 (see Table 1), when oats exports were still expanding, but they
had increased to 61 percent of male wage levels by the start of World War I.
Annual cash contracts for labor, referred to as agricpltural servants,
experienced an even sharper rise of one-half in the wage level for women
relative to men; female servant cash wages were 42 percent of male servant wages
in 1870-74, but had reached 63 percent of male levels by 1910-14 (Table 1).
Given the greater need for year-round labor to tend livestock and perform dairy
functions, it is also not surprising to note that the premium paid for casual
day labor during the summer grain harvest diminished relative to the wages paid

to day labor during the winter season.8/ A1l of these developments in the
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TABLE 1 NOTES AND DATA SOURCES:

n.a. = not available.

aThe total fertility rate is the sum of the seven female age-specific birth
rates (15-19, etc.) times five (years), and it is lagged one year, i.e.,
1851-55, etc. Hofsten and Lundstrom (1976), Tables 2.2 and 6.2-6.7.

bchild mortality from birth to age 10 is calculated around 1861, 1871, etc. as
the product of county survival rates: "CMR = (1 - ymg) (1 - qm)4 (1 - gms)7.
Hofsten and Lundstrom (1976), Tables 7.1-7.7.

CNumber of legitimate live births per thousand married women aged 15-44, times
30, to giye it a similar dimension to the total fertility rate. Hofsten and
Lundstr;m (1976), Tables 2.3 and 6.17.

dcrude indicator of proportion pf women 15-44 married, defined as the total
fertility rate divided by the fertility rate. The illegitimate birth rate per
unmarried woman in this period varied little from 38-41 per thousand per year.
Hofsten and Lundstrom (1976), Table 6.19.

eyrban proportion of the population is that which is in towns at start of
period, from Sweden (1955) Historical Statistics of Sweden, Vol. I, Table A.5
and A.7.

fRelative price indexes from Jorberg (1972), vol. 1, Appendix, pp. 222ff.
Unweighted avefage of county reports for the whole country.

8Wages of day workers in agriculture averaged for summer and winter seasons.
Annual summaries of Agricultural Statistics series from Bagge (1933) for
national total, Vol. II, Table 170. The first available years are 1865-69.
Appendix Vol. II, Tables 205, 207 for counties.

hcash wages of agricultural servant annual employees. Annual summaries from
Bagge (1933) for national total, Vol. II, Table 170. The first available years

are 1865-69.




structure of wages in agriculture mirror the increased opportunity value of
women”s time, particularly in year-round employment associated with diarying.

Technical rationalization and mechanization of Swedish agriculture after
1850 reduced the demand for tenant, servant, day labor, and other categories of
hired help. But the movement of landless workers from agriculture to the cities
and, after 1860, the upsurge in emigration mainly to the United States also
reduced the supply of agricultural labor. Wages of male day labor deflated by
the price of the principal food grain, rye, doubled from 1870 to 1914, while
cash wages of male‘servants increased even more rapidly (Bagge, 1933; Jorberg,
1972). The Swedish population had managed to adapt to the dislocating effects
of the changing relative values the world economy attached to its exports of
grains and animal products, principally butter. This adjustment in the mix of
agricultural production occurred at a time of large-scale emigration and of
increasing urbanization and industrialization (Karlstrom, 1980; Mosher, 1980).
How did these different but intertwiped developments affect the level of
fertility in Sweden?

The data analyzed to consider this question relate to the 25 counties of
Sweden and the'city of Stockholm for six decadal cross sections from 1860-64 to
1910-14 (see Figure 1). National demographic price and wage series are
summarized in Table 1. In this half century the Swedish total fertility rate
decreased by 28 percent after increasing somewhat in the 1860s and 1870s.
Cohort data constructed for women born between 1840 and 1890 indicate cumulative
fertility decreased by 43 percent across these birth cohorts (Hofsten and
Lundstrom, 1976, Table 2.2). Mortality among children up to age 10 continued
its secular decline, falling in this 50-year period by 52 percent, though not

without increasing, as in 1880-84. The marital fertility rate followed much the
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City cf Stockholm
Stockholm
Uppsala
Sddermanland
Ostergdtland
Jonk3ping
Kronobarg
Kalmar

Gotlang

- Blekinge
Kristianstag
Malm3nus
Halland
Gothenburgz 8 Bohus
Rlvsborg
Skaratorg
Varmland
fretro
Vistmanlend
Kopparberg
Gavietorg
Vistarnorrland
Jamtlana

AC ViEstertotten

80 Norrbotten

NS EC~NDIPZAIrrRHIONMMNOO®>»

Figure 1
Pivisions of Sweden into Counties
Source: Hofsten and Lundstrom (1576), Fige 6.1




same path as the total fertility rate, declining by 26 percent from 1860 to
1910, Thus, dramatic changes in marfiage patterns were apparently not
responsible for the noted national trends in total fertility rates, aithough
beneath the national figures, regional changes in marriage patterns may have
responded to different economic and demographic conditionms.

The objective of the empirical analysis is to test three hypotheses: (1) do
changing local prices of basic traded agricultural commodities help to explain
the cross—sectional variation and temporal changes iﬁ male and female wages in
Sweden; (2) do women”s ané men’s wages exhibit the anticipated association with
total and age-specific fertility rates, controlling for child mortality,
urbanization, and the rising general standard of living; (3) given the

.likelihood that facﬁors other than shifts in the demand for labor influenced the
observed wages of men and women in agriculture (i.e., supply responses via
migration; differential female labor force participation; cumulative labor
market experience), 'do time series variation in commodity prices, plus the
smaller interregional variations in prices, provide.a satisfactory instrument to
estimate without simultaneous equation bias the demand determinants of fertility
operating through male and female wages. This final step in the analysis is a
severe, but nonetheless appropriate, test of the gist of the demand hypothesis,
which assigns importance to exogenous variation in market prices and thereby to
changes in sex-specific wage rates in governing the historical fertility decline
in the West. More specifically, the study seeks to answer the question whether
thé identified demand-induced increase in women”s wages relative to men’s is a
quantitatively important factor explaining the decrease in Swedish total

fertility rates?




Empirical Results

The regressions in Table 2 report the linear ordinary least squares rela-
tionships betweeﬁ three groups of conditioning variables and three dependent
variablés: (1) the total fertility rate, (2) the wage rate for male agri-
cultural day labor, and (3) tﬁe female relative to male agricultural wage rate.
The first set of regressions includes as explanatory variables only the relative
price of the main categories of agricultural outputs: the price of butter
rel#tive to rye, the price of pork relative to rye, and a dummy variable equal
to one when the pork price is not locally reportedbas a basis for settling tax
obligations in the county.l/ A higher relative price of butter is associated
with a higher male wage level, a higher female-to-male wage ratio, and a lower
fertility rate, as hypothesized. Pork prices relative to rye are associated
with higher male wages, lower female-to-male wages, and higher fertility. The
same pattern holds for those regions in the south and north where the production
of pork is sufficiently uncommon . that pork is not an accepted basis for settling
government tax obligations.

The second set of regressions adds as explanatory variables the earliest
data on the locationvof employment opportunities outside of agriculture that
might have had an effect on both the overall level of wages and the ratio of
female-to-male wages. As we noted earlier, women were disproportionately
employed in textiles and food processing, and both industries were
geographically concentrated in a few counties.8/ Specifically, the percentage of
a county’s labor force in textiles and food processing in 1896 and the
percentage in forestry in 1910 are the variables added to the second set of

regressions in Table 2. As anticipated, forestry bids up the level of male
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agricultural wages, depresses female-to-male wage ratios, and is associated with
higher overall fertility. Industries with predominantly female employment are
associated with higher female relative wages and lower ferﬁility, but these
industries are not statistically significantly related to male wage levels.

The final set of regressions in Table 2 adds the urban proportion of the
population and the child mortality rate from birth through age ten. As with the
location of textile and food processing industries, it might be argued that
‘urbanization is facilitated by the geographic distribution of industrial invest-
ment and of investment opportunities in agriculture, which should themselves
respond to the local level and structure of wages. It is common to regard such
a 1aggéd feedback response of urbanization and industriaiization to the wage
structure as of secondary iﬁpoftanée compared to the direct effect of urbaniza-
tion and industrialization as determinants of wage and price levels. 9/ How-
ever, fertility is widely observed to be lower in urban than in rural popula-
tions in Sweden as elsewhere, and it is not possible in Sweden to measure the
rural-urban differences in relative‘prices of child support and in child wage
opportunities that might help to ac#ount for rural-urban differenees.in
fertility. The relative prices of agricultural cdmmodities could also differ
systematically between urban and rural areas, such as butter having a higher
price relative to rye in urban than in rural areas.lg/' Including urbanization
as a predetermined variable affecting wages may thus reduce the apparent effect
of commodity prices and proxy ummeasured changes in relative prices, incomes,
and work environment that contributed in urban areas to the adoption of a
smaller family size goal.

It is common to view child mortality as determined by the local economic

environment and a region”s health technology, but this view neglects the
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possibility that causation may flow in the opposite direction. In other words,
the level of fertility may itself have a direct effect on child mortality, and
factors omitted from this study could also be p;rtially responsible for the
levels of both fertility and mortality.ll/ Consequently, some proportion of the
positive covariation anticipated between child mortality and fertility may be
due to omitted factors that affect fertility and thereby influence child
mortality or that influence both by unspecified mechanisms. For these reasons,
fertility and wages are first treated as a function of only‘the least
controversial determinants, namely, the relative commodity prices. Then, tbe
list of explanatory variables is augmented to include industrial structure,
urbanization and child mortality. Pooling six decadal observations for 25
county areas of Sweden assumes independence of observations, and consequently
the estimates reportéd here do not exploit the likely covariance structure in
the disturbances. Alternative error—compdnent-estimatprs for data in this form
might, therefore, alter our hypothesis tests and standard errors, though not
necessarily affect point estimates.l12/

The total fertility rate and the seven age-specific birth rates that sum up
to (one-fifth) the total fertility rate are each regressed on the child
mortality and urbanization variables, and on the predicted values of the male
wage and female-to-male wage ratio obtained from the first stage regressions (2)
and (3) in Table 2. These instrumental variable estimates of the effects on
fertility of the male wage level and wages of women relative to men are
identified in Table 3 by the minimal exclusion restriction of the commodity
price series, whereas those in Table 4 are over identified by the further
inclusion of the industrial composition of the labor force, as well as

urbanization and child mortality in the first stage regressions. These
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instrumental variable estimates of demand effects of wages are statistically
consistent, if the instruments—-the commodity prices and industrial structure
variables--are uncorrelated with the statistical error in the fertility
equation. The inconsistent ordinary least squares (OLS) estimates of the
fertility equations, where womgn's wages are likely to also reflect labor supply
responses, are reported for comparison in Appendix Table A-3.

Child mortality is significantly associated with total fertility and with
all age-specific fertility rates froﬁ ages 20 to 39 in Tables 3 and 4, The
proportion of the population living in urban areas is associated with lower
fertility among women over age 25, but, interestingly, the birth rate among
teenagers is higher in urban areas, suggesting earlier marriage or atﬂleast
earlier childbearing. The real wage rate for males in agriculture is not |
related to the overall level of total fertility, but it is significaﬁtly
associated statistically with the age pattern of childbearing. A higher male
real wage is associated with higher birth rates among younger women (aged 15-29)
and lower birth rates among older women (aged 35-49). 1If these estimates
measure the real wage effect on the life cycle process of family formation, then
rhigher male wages accelerate entry into marriage and childbearing, but do not
significantly raise completed fertility, as approximatgd here by the period
total fertility rate. A rise in wages does, however, shorten the period between
_generations and thereby accelerates slightly the rate of population growth. The
standard Malthusian hypothesis that:increases in real wages contribute to
earlier marriage appears to be confirmed by these Swedish data, just as
Heckscher (1954) noted that marriage rates in Sweden responded sensitively to
the harvest cycle, and Ohlin (1955) observed that opening up new frontier lands

increased wages in Scandinavia, attracted immigrants, and raised fertility. Of
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greater novelty is the finding that the Swedish population in this period was
able to restrain fertility witﬁin marriage to compensate fully for the pattern
of earlier marriage and childbearing that occurred in high wage areas.

The level of female—to—malebwages exerts a depressing effect on birth rates
at all ages except among teenagers. This effect is spread quite evenly over the
childbearing years, suggesting_that the labor market opportunities of women do
not simply delay entry of women into marriage, as assumed by Kussmaul (1981) for
early modern England, but may'also exert a moderating effect on fertility that
might be difficult to deduce by traditional demographic methods, which f&cus on
parity-specific control as a deviation from "natural fertility" (Coale, 1973).

Table 4 reports the preferred estimates; these are not qualitatively differ-
ent from those in Table 3, élthough the inclusion of the industrial compositioﬁ
qf the labor force, urbanization, and child mortality in the list of instruments
used to estimate the wage variables tends tovreduce the magnitude of the
coefficients on the female-to-male wage and child mortality variables, and also
to improve the precision of these estimates.l3/ If one translates the child
mortality coéfficient into an estimate of the partial adjustment of births to a
child death, the estimates in Table 4 imply a replacement ratio of .65. Thus,
about two thirds of the increase in population growth caused by the rapid
decline in child mortality in this half century appear§ to have been offset by a

-compenséting decline in fertility, but since the replacement rates were larger
for birth rates of younger women, one may assume that expectations as well as
realized child mortality may have influenced the observed pattern of.Swedish
fertility.ld/

Table 5 simulates the implications of the estimates from Tables 3 and 4 for

the actual changes in the explanatory variables (from Table 1); and compares
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these predicted changes in fertility with the actual changes occurring over the
half century studied. The estimates in Table 3 over-predict the decline in the
total fertility rate by 23 percent, while the estimates in Table 4 under-predict
the decline by 14 percent. The preferred estimates from Table 4 over—predict
changes in age-specific birth rates for the young, for whom fertility rates
increased in this period, and under-predict slightly the fertility declines
after‘age 25. Since the same explanatory variables are included in each of the
" fertility regressions, the sum of the age-specific coefficients on any
explanatory variéble ié equal to one-fifth of that variable’s coefficient in the
total fertility rate equation. A consistent adding up of predicted effects is
'therefore.maintained.léj

The effect of these four explanatory variables on marital fertility and the
proportion married is explored tentatively in a final set of estimates. Since
marital fertility rates are available only from 1870, the analysis is limited to
1870-1910. The dependent variabies are the total fertility rate, as before, the
marital fertility rate, and a proportion married equal to the ratio of total
fertility to marital fertility (see Table 1 for definitions). This residually
constructed proportion married also captures changes in illegitimate birth rates
(which were relatively constant in this period) and in the age composition of
married women that are ignored in the reported marital}fertility rate.

The marital fertility regressions are shown in Table 6, first in linear form
as before, and then with the three dependent variables in logarithmic form. This
logarithmic specification facilitates the decomposition of the effect of
explanatory variables on the total fertility rate presented in the third portion
_ of Table 6. Child mortality exerts its effect on the total fertility rate

mainly (93 percent) through depressing marital fertility, implying that the
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fertility response is occurring through hedging and replacement behavior within
marriage, and not by anticipations that influence the age at ﬁarriage as
observed in Taiwan and Korea (Schultz, 1980; Lee and Schultz, 1982).
Urbanization also exerts 85 percent of its effect on fertility through
depressing marital fertility rates. Male wages appear to increase the
proportion married, as was surmised from the male wage éffect on the
age-specific birth rates. The female-to-male wage ratio affects only marital
birth rates, confirming the earlier inference that relatively higher wage
opportunities for women do not only deter their early marriage, but rather also
reduce their later reproductive performance, perhaps by means of relatively

uniform practice of traditional methods of birth comtrol throughout marriage.

Conclusion

In many high income countries the wége received by women relative to that
received by men has increased in the last 100 years (Schultz, 1981, Table 7.3).
Economists hypothesize that this aspect of modern economic growth increases the
opportunity cost of children, and may be a contributing factor to the secular
decline in fertility. But this trend in femalé—tq—male wages may itself be
caused by women”s employment and human capital investyent choices, which have
evolved simultaneously with the reduction in reproductive goals. The problem
addressed in this paper is how to identify the aggregate demand and
technologically induced effects on male and female wages that can then be
examined as an exogenous price of women”s time to help explain cross-sectional
and time series variation in fertility.

The approach adopted here is to estimate how the abrupt world-wide change in

relative prices of grains and animal products that occurred in the 1880s
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filtered through the largely agricultural Swedish economy to affect the labor
market. An effort was also made to hold constant real male wages, child
mortality, and urbanization, all of which were changing rapidly in the period
1860-1910.

Specifically, the disappearance of Swedish oats exports and the rapid growth
in butter exports from 1870 to 1900 can be traced to the decline in the price of
~ cereals relative to livestock products. It is hypothesized by English
historians that earlier swings in the price of livestock products relative to
grains (from the sixteenth to the eighteenth centuries) contribﬁted- to Qwings
in the relative employment of women in farm service, with repercussions on their
age at marriage and hence aggregate fertility (Kussmaul, 1981; Smith, 1981).

The late nineteenth century improvement in the price of butter relative to
gréins may have analogously contributed to an improvement in women’s wages in
Sweden relative to men”s, and thus to a more rapid decline in fertility than
would otherwise have occurred in Sweden. Other developments may have worked in
_the opposite direction. The northern counties of Sweden were involved in a
fapid expansion of timber exports from the 1860s to 1900, and the pfedominance
of male workers in lumbering provides an explanation for the persistently high
fertility in some of these areas until well into the twentieth century.
Conversely, a few southern and eastern counties developed textile and food
processing industries that provided employment for 76 percent of the female
industrial labor force in 1920. These geog;aphic patterns in location of
industry are assumed here to be exogenous to the fertility determination
process, dictated primarily by natural resource endowments, transportation, and
early river power for mechanization.

The first stage in the analysis confirms that where the price of butter
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relative to rye (the basic food grain in Sweden) was higher, female-to-male
wages were higher and fertility lower. The reverse was true for areas where
pork prices were relatively high. Local industrial employment in forestry is
associated with higher male wages; conversely, greater textile and food
processing employment is linked to higher female-to-male wages. The second
stage in the analysis reports instrumental variable estimates implying that a
quarter of the decline in the Swedish total fertility rate from 1860 to 1910 can
be explained bj the ten percent rise in the female—to-male wage ratio. Another
‘quarter is associated each with the 50 percent reduction in child mortality and
with the increése in urban share of the population to one-quarter. The doubling
of»rgal wages paid to male day workers in agriculture is not associated with a
change in total fertility rates, but is estimated to contribute to earlier
marriage and higher fertility among women under age 30 years, and consequently
to lower fertiiity among women older than 30. Cohort data would be needed to

_ examine the underlying dynamics of the family formation process during this
period, an analysis beyond the scope of this paper. When the real wages of men,
child mortality, and urbanization are held constant, the aggregate county-level
data for this 50-year period in Sweden suggest that the appreciating value of
Vomen's time, relative to men”s, played an important role in the Swedish

fertility transition.
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Table A-1

Average Price Levels and Number of Swedish Counties
Reporting Prices for Selected Commodities and Years

Commodity 1758 1815 1860 1913
Price Level and in parenthesis the Number of Counties Reporting
Grains
Rye .45 (19) 1.11 (28) 7.50 (30) 8.89 (30) 9.63 (30)
Wheat .68 (11) 1.52 (13) 9.84 (13) 13.2 (24) 11.2 (23)
Barley 41 (27) .97 (28) 5.17 (30) 7.75 (30) 8.29 (30)

Livestock Products

Butter .06 (21) .11 (23) .83 (26)  1.26 (29) 2.01 (29)

Pork .04 (16) .08 (17) .55 (17) .78 (20)  1.24 (22)

‘Beef .02 (15) .04 (10) .29 (16) .53 (18) 1.10 (19)
Lumber | |

Pinewood .08 (2) .16 (2) .98 (29) .53 (18)  1.10 (19)
Labor

Day Wages Male
Summer/Harvest .07 (10) .09 (20) .68 (30) 1.07 (29) 2.74 (29)

Day Wages of Hand
and Two Horses .12 (8) .17 (19)  1.61 (26) 2.89 (27)  6.65 (27)

Maximum Number of : .
Regions (27) (28) (30) (30) (30)

Derived Measures of Price Levels and Real Wages
Index of Cost of Living &/ - - 79 100 132

Real Wage Index for
Agricultural Workers

(20 years average) &/ 100 85 86 97 165
Implicit Real Agricul-

tural Daily Wage &/ - - 86 107 208
Price of Butter Relative

to Rye .13 .10 .11 .14 .21
Notes:

aTable XIX:11, p. 350 for 1815-1820, 1860-64, 1910-14.
brable XIX:8, p. 344 for 1735-54, 1755-74, 1805-24, 1855-74, 1895-1914.
CCalculated by dividing annual daily male wage above by cost of living index.

Source: L. Jorberg, A History of Prices in Sweden, 1732-1914, Vol. I, pp. 632+, and
various tables from Vol. II. Cost of living index from Myrdal (1933).
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Table A-2

Sweden Administrative and Regional Classifications

County Subareas Regional Codes from Sundbarg's Grouping Codes from
G ouping Wage Series by Demography Price Serie
1865-1914 1732-1914
Malmohus ) M West 11
Kristianstad PIII L West 10
Kristianstad “Skane 10a
Angelholm (South) 10b
Simrishamn __ 10c
Blekinge . K West 9
Kronoberg - G West 6
Jonkoping - II F West 5
) ) Smaland
Kalmar \, (Central- H West 7
; East ) ’ :
Kalmar North ' (some East)*
Kalmar South i West
Isle of Oland _ ) West 7a
_Gotland, Isle I West 8
Halland . ! N West 12
Goteborg and Bohus B Y o} West
Alvsborg . > Lake Region P West 14
a Alvsborg-North} " (Central West) - West
b Alvsborg-South ’ West
Skaraborg - - R West 15
Ostergotland - T E East 4
Sodermanland I D East 3
' Stockholm - Stockholm Region A+B weighted East 1
a Stad - {Central-East) A East
b Other B East
Uppsala - C East 2
Orebro T 17
a South-Narke East 17a
b North-Norate(mining region) _ West 17b
Vastmanland ™ U East 18
Varmland Y s West 16
Kopparberg . (Central to w West* 19
Gavleborg /‘ North) X East 20
Jamtland ' : 4 East 22
Vasternorrland | Y North* 21
vVasterbotten | AC North 23
Norrbotten ) — BD North 24

*Not entirely in one region, according to Sundbarg.
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APPENDIX

A restatement of the problem may clarify the estimation issues and the
source of bias in estimating female wage effects on fertility. County demand
for female labér is assumed to depend upon the wages of females and males, a
vector of prices of alternative agricultural outpufs and inputs (P) for which
male and female labor have different comparative advantages, local natural
resource endowments that account for the location of industrial employment (1)
with distinctly different female to male employment ratio (i.e. forestry,
textiles, and food processing), and a modeling and measurement error:

Lg = d(wg, vy, Pp, I, e1). ' (L)
County supply'of female labor is also a function of female and male wages, and a
second error which probably contains many omitted price, home production,
culture and taste factors:

Lg = s(wg, W, €2). (2)
The local county wage for women is that which equates their labor supply and
demand. The reducéd form for female wages then can be written:

wg = wg(Py, I, el, e2). (3)
Male labor supply and demand are represented analogously, with the reduced form
for male wages also depending on Pp and I.

Our final interest attaches to the demand for children or a fertility
equation:

F = flwg/wy, vp, X, e3), (&)
where X represents fertility determinants other than wages, such as urbanization
and child mortality, plus a fourth error, encompassing omitted factors, such as

culturally mediated tastes. Note that the female wage is specified relative to
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the male wage to reduce the likely collinearity between wages of men and women.

The statistical problem with estimating the fertility equation (4) directly
is that its error will undoubtedly be correlated.with that in the labor supply
equation, and probably inversely, namely, E(eje) < 0. Consequently, observed
wages will be correlated with e3 and direct OLS estimates of equation (&) will
be inconsistent. In this paper, Py and I are used as instrumental variables
(IV) to obtain consistent estimates of (4) that are free of the simultaneous
equations bias.

Since women”s markét labor supply tends to be relatively elastic (compared
with men”s) with respect to own wage, one expects demapd shocks to elicit
relatively larger compensating labor supply variations for women than for men
(Schultz, 1981; Kiliingsworth, 1983)., OLS estimates of equation (4) would,
therefore, likely understate the effect of women”s wages on fertility compared
with the IV estimates, whereas male wage effects might not be seriously biased
by the endogenous labor supply behavior of men.

Table A-3 reports inconsistent OLS estimates of equ;tion (4) to test our
expectations., The female to male wage rate has no statisticélly significant
effect on the total fertility rate according to these OLS estimates, though its
association with fertility for ages 15 to 29 remains inverse and statistically
significant at the 5 percent level of confidence. The OLS and IV estimates of
the male wage effect are similér; they remain large and positive for fertiliﬁy
rates among women less than age 30 and negative on birth rates of women over age
40, The apparent effects of child mortality and urbanization are increased by
the neglect of simultaneous equation bias. But pfimarily it is women”s relative
wage effects on fertility that are changed (reduced overall and shifted to the

young ages) by neglect of the anticipated simultaneous equations bias. It is
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precisely this effect of female labor supply behavior concealing the magnitude
of the fertility respomse to shifting demands for‘female labor that would have
obscured from direct (OLS) view the time series evidence that secularly rising
female wages contributed to the Swedish fertility transition. To the extent
that the uncompensated female labor supply own-wage effect outweighs the cross-
price effect of husband’s wages, increased female labor force participation has

reduced the observed increase in Swedish female relative wages.
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Notes
l/Consequently, it is not possible to draw cause-and-effect inferences from the
observation that parents who have fewer children also do other things, such as
invest more resources in the education of each child; nér is it possible to say
that their values regarding children, etc. are different. Both fertility and
these other responses may be independently or jointly affected by an exogenous
third factor, and thus the correlation between these family responses may not be
observed in other circumstances.
2/¥or example, women’s wages may be relatively high in an area because the
area’s natural resources and the prices for its output favor the employment of a
relatively large number of female workers, in, for example, dairying, food
processing or textile manufacturing. These resources and relative prices would
represent the derived demand side of the labor market, and their change over
time could be attributable to techmological change, institutional evolution,
discovery of new resources, and possibly long run climatic change.
Alternatively, women”s wages could be relatively high as a consequence of other
factors that induced relatively few women to participate in the market labor

force or that encouraged a predominantly female outmigration from the region.
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These labor supply effects could provide a second explanation for why working
women would receive relatiQely high wages. Alternatively, where women
participate in the labor force more frequently and steadily over their life
cycle, they accumulate labor market experiences that are more similar to those
of men, and consequently women“s wages rise relative to men”s. In either
case, the endogenous shifts in labor supply should be somehow netted out of wage
changes, if one is to obtain a satisfactory test of the economic explanation of
the fertility transition, which posits that exogenous shifts in demand cause the
"rising value of women”s time, relative to to men”s.

3/ Snell (1981) describes gradual changes in women”s roles in England in the
18th century as induced by shifts in the relative prices of dairy products
versus food grains (similar to the shifts to be described below), with
repercussions on marriage patterns and possibly fertility. "The historical
determinants of women”s economic and domestic roles would appear‘to be located
primarily in the seemingly autonomous changes in the structure of the econémy,
rather than in shifts of social attitudes" (p. 436). Men and women were of
course both employed in the production of food grains and dairy products, but
they are assumed to be imperfect substitutes for each other and women are
hypothesized to exhibit a comparative advantage in diarying. Child labor may
also be a close substitute for female labor in some productive activities.
Coincident movements in wages of women and children might then weaken the
inverse relationship anticipated here between women’s wages and fertility, since
higher child wages would presumably encourage larger families. Unfortunately, I
have not found any wage series for children in Sweden to explore these issues
that were suggested by Peter Lindert.

é/According to the 1920 census, women represented only one percent of the
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industrial workers in lumbering (Thomas, 1941, Table 43).

3/1n the 1920 census, women accounted for 31 percent of the industrial labor
force in food processing, while their share in textiles was 76 percent (Thomas,
1941, Téble 43). Wages for women relative to men did not change notably in
textiles from the start of the series in 1865 to 1914. In food products women”s
hourly wage increased from 60 percent of male levels in 1890 to 65 percent im
1914 (Bagge, 1933, vol. 1, Table 18).

8/ The summer day wage for males was 53 percent more‘than the winter day wage in
1870 but only 34 percent greater by 1915 (Bagge, 1933, vol. 1).

1/ geven of the 25 counties did not report pork prices throughout the period
1860-1910. These counties were regionally grouped in the north (AC,W,Y) and the
south (K,L,M,N) (see Figure 1). The dummy variable for these regions denotes
the irrelevance of pofk prices to production in regions where pork is
economically unimportant. One county also does not report butter or rye prices
in this period (K or Blekinge) for no obvious reason; perhaps the historical
records of the government tax settlement prices were destroyed. Regardless, the
relativé priée of butter to rye for this coastal county is "imputed" as an
unweighted average of those reported by the neighboring counties of Kristianstad
and Kalmar. These relative price series are five year averages from Jorberg
(1972, vol. 1, pp. 357ff.). The addition of other grain prices, such as for
oats, barley, and wheat, added little explanatory power, since all grain prices
are highly correlated. Adding other price series for beef, cows, pine wood ,
etc. did not appear to change the relationships noted here, but required the
estimation of additional, more inclusive dummy variables for counties with
missing price variables. Butter and rye are the most universally reported

prices. Virtually all price series tend to vary less across counties during the
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last half of the 19th century, as transportation improved and local markets
became more integrated. For example, the cross—county coefficient of variation
for the price of rye decreased from .12 in 1860-64 to .07 in 1910-14, butter
from .08 to .06, pork from .19 to .15, and male day wages in agriculture from
.24 to .16 (Jorberg, 1972, vol.l, pp. 22ff.).

§jTexti1es in counties M, 0, P, A, E and food processing in A, O, and M (see
Figure 1). The location of rivers as a source of power is attributed a role in
the placement‘of textile factories in this period, and may therefore have been
independent of the local conditions of labor supply (Heckscher, 1954).

9/a relevant exception to this approach is the work of Gouldin and Sokoloff

(1982), who Eypothesize that textiles developed in the Northeastern United

States in response to the relatively low female (and child) wages in that region

in the early 19th century. If low female wages influenced the location of
textile investments in Sweden in this period, we might expect to see a negative
sign for the coefficient on textile and food processing (or biased down) in the
equations explaining female-to-male wages and male wage levels. One could also
suspect that internal migration from rural to urban areas and fhen abroad
affected wages and governed the rate of urbanization. The unbalanced sex ratio
of migration aﬁong counties and overseas illugtrates how the changing economic
opportunities for men and women in Sweden were in flux in this period (Thomas,
1941). Future work should explore the origins of this migration process as
jointly determined with marriage patterns and»marital fertility. Haines (1979)
speculates on some of these interlinkages.

10/ My attention was drawn to this possibility by members of a seﬁinar at the
Economic History Institute at the University of Lund in October 1983. Such a

regional pattern in commodity prices could be attributed to higher urban
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incomes, in conjunction with the greater income elasticity of demand for butter
and animal products compared with that for food grains. These differences in
local consumption patterns might affect relative prices if transportation costs
remained significant for more perishable animal products. Urbanization may,
therefore, account for some of the simple association between higher butter
prices and lower fertility, if the urbanization process were both instigating
the movement in relative commodity prices and motivating the secular decline in
fertility by increasing omitted child price variables.

1/ Long-standing regional differences in mortality in Sweden are documented
back to the early 18th century (Utterstrom, 1965; Heckscher, 1954) and stressed
by Sundbarg (1907) in his compilation of the data (see Table A-2). Eastern
Sweden reported substantially highér mortality, particularly among children,
than did wéstern (and southern) Sweden. Both Sundbarg and Utterstrom attribute
the higher fertility of eastern Sweden to earlier marriage, more universal
incidence of marriage, and higher rates of illegitimacy. Portions of the less
densely settled northern counties reported relatively low mortality, just as the
city of Stockholm until 1914 reported the highest mortality levels in the
country.

12/githin region (i.e. fixed effect) estimators or first differenced
specifications of the model would not be attractive, however, since they neglect
informative patterns of persistent cross sectional variation in fertility levels
and economic and demographic conditions. For example, differences in the extent
of forestry activities persist as do the higher levels of fertility in the
northern counties that depended on this industry.

13/ Table 2 shows that this augmented list of instruments accounts for nearly

four times the variance in the female-to-male wage ratio and a third more of the
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variance in the male wage level. This improved explanatory power of the
iqstruments may account for the greater precision of the estimates of the
coefficient on the female-to-male wage ratio in the fertility equations reported
in Table 4 compared with those in Table 3.

14/perivative of births with respect to child deaths under age 10 is calculated
dF/dD = b/(F + bCM) where b is the coefficient estimated for the child mortality
rate, F is the sample mean of the fertility rate end CM is the sample mean of
the child mortality rate (i.e., .198) (Lee and Schultz, 1982). Thus, the
replacement ratio for the total fertiiity rate from Table 4 is .645 =
3124/(4227+43124(.198)). For the first six age specific birth rates the »
replacement rates fall from 1.16, 1.14 , .82, .69, .36, to .14,

15/A1ternatives to age—-specific birth rates to summarize the age schedule of
fertility should also be investigated. Breckenridge (1983)-proposes such a
three parameter representation of the age schedule of fertility, and fit these
parameters to the Swedish data at the county level for the same decadal
intervals analyzed here.. Using the instrumental variable sbecification of the
model in Table 4, urbanization and the male real wage rate are positively
associated with the woman”s fertility level parameter (B8;). The female relative
to male wage and urbanization are associated with later ages of childbearing
(8;.71) given the level, whereas child mortality and male wages are associated

with childbearing at young ages.




