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Introduction

Abstract. Annual variations in births, marriages, deaths, grain prices, and quarter-
Iy temperature series in England, France, Prussia, and Sweden are analyzed using
a distributed lag model. The results provide support for the existence of the short-
term preventive, posilive and temperature checks to population growth. Decrcases
in fertility and nuptiality are generally associated with increascs in grain prices.
Incrcases in mortality appear to be associated with high grain prices, cold winters
and hot summers. Changes in these responses over time are examined within
the context of cconomic development.

‘The causes of a high mortality are various; but the greater number of known
causes may be referred to five heads: 1) excessive cold or heat; 2) privation of
food; 3) effluvial poisons generated in marshes, foul prisons, camps, cities; and
epidemic diseases, such as typhus, plague, small pox, and other zymotic diseases;
4) mechanical and chemical injuries; 3) spontaneous disorders to which the struc-
ture of the human organization renders it liable” — Farr (1846, p. 164),

... a foresight of the difficulties allending the rearing of a family acts as a preven-
tive check, and the actual distresses of some of the lower classes, by which they are
disabled from giving the proper food and attention Lo their children, acts as a posi-
tive check to the natural increase of population” — Malthus (1798, Chapter 4).

Onc measure of development may be reflected in the ability of a society to success-
fully insulate itself from the vagaries of exogenous environmental shocks. For
example, in modern industrialized countries an annual increase in the consumer
price index or an annual reduction in the real wage probably has little impact on
overall annual mortality. Institutional programs (especially in northern and central
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European countrics) arc generally thought to be sufficient to prevent deaths of the
poor from possible starvation and malnutrition resulting from an annual increase in
prices or overall reduction in the real wage. On the other hand, the impact of
annual changes in the standard of living on annual variations in fertility in devel-
oped countrics can be substantial. A decrease in the annual real wage may cause
couples 1o end or postpone reproduction. However a decrease in the annual real
wage might reduce the opportunity costs of working wives and lead to an incrcase
in fertility.

One purpose of this paper is to examine how annual changes in cxogenous
forces like food prices and seasonal temperatures affect demographic behavior and
how the magnitude of these short-term effects chunges over time in preindustrial
England, France, Prussia and Sweden. Mortality responses to annual fluctuations
in the economy (the short-term positive check) and the weather (the short-term
temperature-mortality check) should diminish according to some measure of eco-
nomic development. In other words, as a country’s living standard rises, insulation
from these kinds of exogenous shocks should also increase. We will also examine
annual fertility responses to annual varations in the standard of living (the short-
term preventive check) and weather (the short-term temperature-fertility check).
The impact of annual fluctuations in living standards on annual variations in
nuptiality will also be analyzed.

Another purpose of this paper is somewhat more technical. Examination of the
relationship between short-run fluctuations in vital events and the economy has
become standard practice in historical demographic research (Table I). The statisti-
cal techniques are relatively simple, the only data needed are long series of vital
events and prices, and the results are usually informative. However, previous
attempts to measure the impact of price (and sometimes temperature) effects on
vital events have always been affected, perhaps flawed, by the somewhat arbitrary
choice of start-points and end-points and the assumption that the responses within
a given interval arc more-or-less the same throughout the interval. Researchers
interested in cxamining whether responses change over time for a given place have
usually scgmented the time interval for which data were available. The start-points
and end-points of these segments were often arbitrarily defined, or bascd on some
fuzzy notion of structural change. This study attempts to address these problems
using two methods each with its own particular set of problems and advantages, but
both of which should yield similar conclusions.

Background

Figure 1 presents a stylized and somewhat simplified characterization of the impact
of annual changes in various more-or-less important environmental factors on
annual variations in births and deaths in a preindustrial socicty. As in most of these
types of diagrams the arrows could conceivably connect all the boxes in all direc-
tions, with the exception of weather cffects which are truly exogenous. The signs

Climatic Change January 1994



Secular Changes in Checks to Population Growth in Furope 5

and directions of the arrows connected to demographic events generally reflect the
cumulative effects a few years after the shock.

The basic idca is that annual changes in births and deaths are largely a result of
changes in certain aspects of the economy, weather and social conflict. This is not a
new idea (see Galloway, 1988, pp. 278-279 for literaturc on the subject). What's
novel in the present study is the attempt to estimate changes in the timing and mag-
nitude of the preventive, positive, and temperature checks to population growth as
a society undergoes economic development,

While there is much debate about long-term Malthusian checks, there is sub-
stantial evidence for the cxistence of short-term positive and preventive checks (see
Table T and Galloway, 1988, pp. 275-291). In its simplest formulation, the short-
term preventive check can be characterized as the impact over a few years of annual
changes in food supply on annual fluctuations in fertility. Similarly, the short-term
positive check is reflected in the response of mortality over a few years to annual
variations in the food supply.

Annual fluctuations in the food supply can be affected not only by changes in the
harvest but also by variations in trade, storage capacity, and distribution. As a con-
sequence it is likely that changes in grain prices are a better proxy for changes in the
tood supply than simply variations in the amount of the harvest. While an increase
in grain prices probably was beneficial to large landowners, most of the population
sutfered. See Galloway (1988, pp. 276-279) for details concerning the use of yearly
changes in grain prices as a suitable proxy for annual changes in food supply per
capita specifically, and for living standards generally, in the preindustrial economy.

Short-Term Fertility Responses to Changes in the Economy, Non-Infant Mortality,
Temperature, Migration, and Social Conflict

Fertility responses to price increases, the short-term preventive check, can be both
biological and behavioral. Biological responses resulting from rising malnutrition
include increases in spontaneous abortions, anovulation, amenorrhea, age al
menarche, fertility-inhibiting discase, death, and decreases in age at menopause.
Behavioral responses might include induced abortion, stress amenorrhea, volun-
tary contraception, and reduced coital frequency due to abstinence, decreased libi-
do, or spousal separation. Measuring these intermediate variables directly using
historical data is problematic. Holding non-infant mortality constant, the effects of
price changes on fertility would generally include most of the behavioral responscs.
Non-infant mortality (total deaths minus infant deaths), which itself may increasc as
a result of prices, may be a proxy for some of the biological factors. See Galloway
(1988, pp. 283-284) for detailed references.

"The short-term preventive check appears to be universal in preindustrial regions
and countries (Table 1). The cumulative elasticity over three to five years of the re-
sponses of births to grain prices was about 0.1 to (.3 in all countries or regions
examined with most of the significant responses occurring at lags 0 and 1.
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TABLE I: Summary of previous research on annual variations in vital events, prices, and temperature
using ‘distributed lag’ type models

Spain rural areas
Spain four cities
New Castile

Mexicu 3 parishes

Tapan

Perez Morcda (1988)
Reher (1988)
Reher (1988)

Reher (1991)
Galloway/Lee (1983}

cu, 1691-1836
ca. 1661 -1795
1583-1830

ca. 1754-1809
18821940

Place Source Lag length Periods
Price  Temp.
England Lee (1981) 5 2 1548-1640 16411745
1746-1834  1548-1834
England Weir (1984) 4 1670-173%  1747-1789
1790-1829 1830-1865
England Schultz (1486) 3 1668-1760
England Bengtsson (1986a) 5 1760-1799  1800-1860
England Galloway (1988) 5 3* 1546-1674  1675-1755
1756=1870
London city Galloway (1985) 5 3 1675-1825 1706-1825
1733-1825
I'rance Richards (1984) 5 3 1740-1909
France Weir (1984) 4 1670-173%  1747-1789
1790-1829 18301865
France Bengtsson (1986a) 5 1760-1799  1B00-1860
France Galloway (1988) 5 3* 1677-1734 1756-1870
Rouen city Galloway (1986b) 5 1681-1744  1681-1787
Prussia Galloway (1988) 5 3* 1696-1755  1756-1870
Hagen county Hohrst (1977) 5] 1817-1590
Sweden Bengtsson/Ohlsson (1985) 5 1756-1799  1800-1859
Sweden Fekstein ef al. (1985) 5 5 1756—186G9
Sweden Fridlizius/Ohlsson {1984) 2 1751 1770 1774-1802
Sweden Schultz (1986) 5 1756-1869
Sweden Benglsson (1986a) 5 1760-1799  1800-1860
Sweden Larsen (1987) 3 1751-1850  1851-1913
Sweden Galloway (1988) 5 3* 1756-1870
Denmark Galloway (1488} 5 3« 1756—-1870
Arhus diocese Galloway (1993) 5 1726-179¢
Netherlunds Galloway (1988) 5 3 1811-1870
Relgium Galloway (1988) 5 3+ 1811-1870
Belgiom rural arca Mendels (1972) 4 1693-1795
Tuscany Galloway (1988) 5 3* 1817-1870
Austria Galloway {1988} 5 3* 1827-1870
Militury border Hammel (1985) 2 1830-1847
Croatia parishes Capo (1988) 3 1755-1855
5
5
5
3
5
5

Japun
Taiwan

Bombay Presidency

Feeney/Kiyoshi (1990)
Galloway/Lee (1985)
Galloway/Lec {1985}

whoLh

1806-1857
1914-1938
1883-1925

* Galloway (1987).

Notes: Temp. = temperature, Mort. = non-infant mortality, Win, = winier temperature, Spr. = spring temperature,
Sum. — summer lemperature, Aut. = autumn {erperaturc. Blank spaces indicate that the variable is not used.
The + and - signs indicale the direction of the lag effect if symificant within 10%. An o indicates not significant within

10%.
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Tertility Nuptiality Morlality
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The lags are presented in order from lefl to right; lag O is first, then lag 1, then lag 2, and so on.

Where wage or production duza are used in place of prices, T have reversed the sign.

Where more than one time period or place is used, 1 have attempted to indicate the typical pattern.

Schuliz (1486}, using average annual temperature data, found a significant positive effect at lag 1 on fertility for Sweden, a
significant negative effect on mortality at lag 1 [or Sweden, and no annual temperature effects for Fngland,
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While there is an extensive literature concerning seasonality of births (for recent
reviews see Miura, 1987; and Lam and Miren, 1991), there has been very little
research examining the impact of changes in seasonal tempcrature from one year to
the next on fertility. Research along these lines is not promising since fertility is
affected by both behavioral and biological reactions to weather changes, most of
which are difficult to measure.

MacFarlane focuses on the biological responsc (1977, pp. 573-577). He sug-
gests that the neuroendocrine activity which governs fecundity in the female is
reduced when tempcratures are above or below some optimal level. Female fecun-
dity should decrease during periods of increasing climatic variability. Sundararaj et
al. (1978, pp. 29-30) find that shorter menstrual cycles occur in warmer days and
longer cycles in colder days and suggest “perhaps increased physical activity or
external temperatures in the summer months may trigger endocrine changes™.

Another study shows that eclampsia (convulsions associated with pregnancy)
rates “are twice as high on cool or humid days than on days with average tempera-
tures or humiditics” (Neutra, 1974, p. 833). Slatis and De Cloux (1967, p. 292) sug-
gest that maternal illnesses in winter months cause malformations leading to an
observed peak in stillbirths in the spring and note that in the United States the peak
period of death due to congenital malformations of liveborn infants is in January.
Materna! mortality resulting from complications of pregnancy, childbirth and the
pucrperium, shows a slight peak in July (Ellis, 1972, pp. 25-26). Age at menarche
was found to be higher in cooler areas (Saar er al., 1988, p. 33). A tentative implica-
tion of these findings is that temperature extremes, cooler winters and warmer
summers, generally reduce fertility although the proposed causal linkages are
various and not clearly understood. Historical short-term analyscs tend to support
this notion. Cooler winters and warmer summers net of price effects generally
reduce fertility (Table I). See Galloway (1987, pp. 112-134) for age-specitic fertility
responses to changes in prices and seasonal temperature in preindustrial Sweden.

Internal migration resulting in temporary or permancnt relocations would be
valuable for explaining changes in fertility as a consequence of spousal separation.
However, annual migration data are not easily found (see Bengtsson (1986b) for
one of the few studics on 19th century annual internal migration). Fertility declines
resulting from war or civil disturbances generally operate through prices, internal
migration, and non-infant mortality and can result in decreased food supply,
increased spousal separation and elevated mortality and morbidity.

Short-Term Nuptiality Responses to Changes in the Economy, Non-Infant Mortali-
ty, Mligration and Social Conflict

Annual fluctuations in nuptiality are unlikely to have a major impact on annual
variations in fertility. In other words, annual changes in births as a result of mar-
riages can only be a minor component of annual changes in all births. Lee discusses
this notion theoretically {1975, pp. 295-304) and provides empirical support using
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English data (1981, pp. 366-368). Galloway (1987, pp. 112—134) provides indirect
support when he found that age-specific marital fertility responses to price and
non-infant mortality fluctuations in preindustrial Sweden were about the same in
all age groups.

Nonetheless, because of its importance to historical demography an analysis of
changes over time in the response of nuptiality to priccs and non-infant mortality
has been included in this study. Substituting nuptiality for fertility in Figure 1 and
climinating the tcmperature effects provides a useful framework for evaluating
short-term fluctuations in nuptiality. Elevated prices probably lead to a reduction
or postponement in marriages becausc of the increased difficulty in setting up a
houschold. A rise in non-infant mortality would increase the number of remar-
riages and open economic opportunities for others, thereby increasing marriages.
On the other hand, mourning might delay some marriages. Although difficult to
argue, increased internal migration might have a net negative impact on nuptiality
as prospective couples are forced into temporary or permanent separation. War
and civil disturbances might tend to postone marriages. See Galloway (1988, pp.
288-289) for detailed references.

Short-Term Mortality Responses to Changes in the Economy, Temperature,
Migration, and Social Conflict

Price increases can lead to a rise in mortality as a result of starvation, increascd sus-
ceptibility to infectious disease as a result of malnutrition, and a general increase in
the frequency of infectious discases, occasionally leading to epidemics, as the popu-
lation begins to move about in search of food or employment. Where responses are
significant, high prices are usually associated with high mortality at lags 0, 1, and 2
(Table T). Scc Galloway (1985 and 1987, pp. 135-192) for an analysis of cause-
specific and age-specific mortality responses to price increases in London and
Sweden. A detailed literature review can be found in Galloway (1988, p. 290) and a
recent general overview is provided by Walter and Schofield (1989, pp. 1-73).

There is a large literature concerning seasonality of mortality (see for example
Sakamoto-Momiyama’s (1977) work on many countries, Bradley’s (1971) analysis
of England, and Buchan and Mitchell's (1875) study of London). Buchan and
Mitchell's detailed analysis of seasonalily of deaths by cause in London 1845 to
1874 is exemplary. They find that the incidence of respiratory discases peaks in the
winter months and deaths from bowel complaints peak in the summer months.
Unfortunately, such analyses can tell us little about the impact of unusually cold
winters or unusually warm summers on mortality.

Studies about direct changes in temperature on mortality are morc relevant. An
obvious consequence of unusually cold weather is an increase in hypothermia.
“Advanced age, disorders causing hypometabolism, central nervous system discase,
malnutrition, a variety of drugs, and exposurc commonly cause hypothermia”
{(Knochel, 1985, p. 2306). Clark and Edholm (1985, p. 162) note “elderly subjects
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arc more liable to accidental hypothermia than younger age groups because with
agcing, in many people although not all, there is an increasing impairment of tem-
perature regulation.... Another age group which is also vulnerable to cold is the
very young, particularly young babies under six months old”. Thermoregulatory
impairment as a result of cold among the elderly is also found by Fox et al. (1973,
p. 200), Collins ef al. (1977, p. 353), and Mathcw ef al. (1986, p. 137). Wiggles-
worth (1973, p. 482) notes increases in hypothcrmia among infants in extreme win-
ter weather. The major cause of death from hypothermia is ventricular fibrillation
leading to heart failure (Wong, 1983, p. 230; Clark and Edholm, 1985, p. 119;
Knochel, 1985, p. 2306). A useful review of the literature concerning hypothermia
can be found in Lloyd (1986, pp. 49-74).

Neill et al. (1974, p. 471) find that cutaneous cold increases blood pressure.
Mortality due to stroke increases in winter and shows a negative correlation with
temperature in all seasons (Barber et al., 1984, p. 662). Keating et al. (1984, p.
1405) suggest that “the increases in platelets, red cells, and viscosity associated
with normal thermoregulatory adjustments to mild surface cooling provide a prob-
able explanation for rapid increases in coronary and cerebral thrombosis in cold
weather”. Campbell and Beets (1979, p. 113) find that “dcaths from heart attacks
are increased by severe winter weather involving extremely cold temperatures™
Knox (1981, p. 222) finds that mortality from acute myocardial infarctions, hyper-
tension, cerebral hemorrhage and thrombosis, and bronchitis increases with colder
temperatures in winter months and in summer months.

Bull and Morton’s (1978, p. 210) longitudinal analysis is particularly important
to the present inquiry. They find that in England in the 1960s death rates in most
diseases other than cancers increase as external temperature declines. Respiratory
diseases appear to be most sensitive followed by strokes, ischaemic heart disease,
hypertension, and gastro-intestinal diseases (1978, pp. 213-221). In an earlier
study they found that respiratory infections and vascular diseases increase with
declining temperature and that the effects are strongest among the elderly (1975, p.
232). They suggest that “there is probably a causal relationship between tempera-
ture change and deaths from a wide variety of diseases. A proximal link in the chain
is probably a failure of autonomic control of body tempcrature in the elderly
leading 1o a change in body temperature and some humoral change which in turn
leads 1o death. Tt is not appropriatc to concentrate on hypothermia as the relation-
ship between temperature and death is seen at all temperatures” (1978, p. 210).
They note that “this move from an optimal body temperature might affect the func-
tioning of some critical enzyme system or systems” (1978, p. 222). Larsen (1990a;
and 1990b) finds that cold winters are associated with clevated mortality in the
United States. Lloyd provides an informative review of the effects of cold on the
cardiovascular system, the respiratory system, and cerebral function (1986, pp.
75-158).

Unusually hot weather, especially during the summer, can also increase mortali-
ty. Unfortunately contemporary medical studics using United States and Furopean
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data shed little light on mortality increase in past times resulting from hot summers
and their impact on food deterioration, sanitation problems, and infectious disease.
Until the last half of the 19th century or even the beginning of the 20th century, it
seems likely that greater density and attendant sanitation problems facilitated the
spread of discase during hot weather. Ellis (1972, p. 7) notes that “sincec World War
IT, the growth of refrigerated food storage and antibiotic and chemotherapeutic
advances have reduced to negligible proportions the mortality from many lethal
infectious diseases which formerly overshadowed the mortality statistics for cli-
matic stress during the summer months”,

Nonetheless, contemporary research concerning the direct effects of excessive
heat on mortality is still applicablc to earlier times. “Classic heatstroke occurs espe-
cially in the poor, the elderly, the chronically ill, alcoholics, patients with advance
heart disease, and the obese. Hot, humid, weather of three or more days duration
usually precedes epidemics of this disorder. Deaths due to myocardial infarctions
and congestive heart failure in paticnts with cardiovascular disease increase sharply
during heat waves because of increased demands placed upon the heart by heat
stress” (Knochel, 1985, p. 2305). Similar assessments can be found in Clark and
Edholm (1985, p. 119), Ellis ez al. (1975, p. 8), and MacFarlane (1978, p. 332).
Ellis notes that mortality from excessive heat is relatively high during the first year
of life, low thereafter up to age 20, riscs gradually to age 70, and increases sharply
after age 70 (1972, p. 5). Thermoregularoty control is less stable in infants (Ellis,
1972, p. 44) and impaircd in the elderly (Foster et al,, 1976, p. 91). Useful summa-
rics of environmental heat illnesses can be found in Ellis (1972) and Knochel
(1974).

Turning to the clfects of weather variability on mortality, a characteristic of
periods of climatic cooling is an increase in temperature variability (Galloway,
1987, pp. 59-60). Appraisals by Howe (1972) and Tromp (1980) indicate that
extremes in climatic variation appear to increase mortality. Howe (1972, pp. 18-
19) maintains that “it is possible to predict with certainty only that extremes of heat
and cold are definitely harmful and that moderately hot conditions increase
susceptibility to intestinal diseases and moderately cold conditions increase
susceptibility to respiratory diseases”. Tromp (1980, pp. 149-150, 159, 174, and
225-226) in his exhaustive cxamination of the biometeorological literature finds
that onc of the key meteorological factors associated with increasing mortality is
increasing variability in the wcather. It is likely that a direct result of the increased
variability in the weather associated with cooling is an increase in mortality.

Summing up, it is evident that unusually cold weather, especially in the winter, is
associated with increased mortality, particularly among the very young and the
elderly. Hypothermia, respiratory ailments, and cardiovascular diseases increase
with colder weather. Prolonged confinement within poorly ventilated housing
would promote the spread of infectious diseases, particularly those transmitted
through the air. Excessive increases in summer temperature increase mortality,
especially among the very young and the elderly. Rapid changes in the weather,
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usually associated with periods of cooling, appear to increase mortality. Climatic
conditions also affect the mobility and strength of pathogenic micro-organisms and
those insects and animals which carry them, although the magnitude of these
effects has not been determined. However, where sanitation is virtually unknown
and water supplies subjcct to contamination, it is probable that warm summers
promote the spread of infectious diseases through increased proliferation of ani-
mal, insect, and bacterial vectors. Finally, malnutrition tends to exacerbate the
negative effects of temperature extremes.

Temperature changes independent of economic effects have been found to sig-
nificantly atfect mortality in preindustriai Europe. Celd winters and hot summcrs,
where significant, generally tend to increase mortality (Table T). Post (1985) pro-
vides a narrative description of possible effects of temperature change on cause-
specific mortality in preindustrial Europe and Galloway (1985; and 1987, pp. 135-
192) examines the impact of temperature changes on age-specific and cause-specif-
ic mortality in Sweden and London before 1870. Galloway (1987, pp. 56—104) has
demonstrated the importance of the effects of cold winters and hot summers on
overall mortality in nine preindustrial European countries.

War and civil disturbances can affect mortality by decreasing the food supply,
increasing internal migration and epidemics, and of course directly as a result of
casualties,

Other Short-Term Interactions

Figure | presents other linkages which indirectly affect short-term variations in
births and deaths. War and civil disturbances can seriously reduce the food supply
by disrupting trade and distribution, reducing storage capacity, and damaging the
harvest. High grain prices themselves can gencrate social unrest (Tilly, 1975;
Hufton, 1985; Tilly, 1985). Internal migration can increase because of social con-
flict and poor harvests. Epidemics are often spawned by an increase in the frequen-
¢y of interaction among members of the populace. The weather not only affects the
harvest in some complicated manner (Slicher van Bath, 1977, p. 57; Galloway,
1987, pp. 58-60); and Pfister, 1988), but can also hamper trade and distribution.

In addition to the weather, other variables in Figure 1 can have exogenous com-
ponents. For example infectious diseases, possibly becoming cpidemic, can be
introduced into a society as a result of migration or trade. War, social disturbances,
trade, storage capacity, and distribution can be affected by political and commer-
cial decisions. Many areas in Europe were battlefields for foreign opponents. Inter-
nal migration can increasc because of resetilement policy, urban demand for labor,
and cxternal migration. Finally, while we have tried to account for most of the
important interactions, it is possible that other factors, perhaps crucial ones, have
not been considered.
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Secular Changes in the Short-Term Preventive and Positive Checks

Long-term improvements in living standards as a result of economic development
should be reflected in changes in the magnitude of the short-term preventive and
positive checks. As a result of technological innovation, harvest yields increasc,
crops become more resistant to disease and weather, trade increases, storage
capacity improves, and distribution becomes more efticient. Food availability cven-
tually increases to a point where annual variations in a country’s food output per
capita should have little impact on annual changes in mortality. Economic develop-
ment is also associated with improvements in hygiene, sanitation, water supply,
housing, clothing, and medical technology which ean indircctly reduce both the
short-run positive check and the biological component of the short-run preventive
check. As mentioned earlier, changes over time in the behavioral component of the
short-term preventive check are difficult to assess.

There is little doubt that profound economic changes occurred in many Euro-
pean countries prior to World War 1. Attempts to measurc long-term changes in
living standards in countries, especially before 1850, arc [raught with difficulty.
One standard measure is urbanization which is refleeted below using data compiled
by de Vries (1984, pp. 39, 45-46, 309-321). The data for Sweden are drawn pri-
marily from Statistika Centralbyran (1969, pp. 61-65, 86-97) and Stockholms
Stads Statistika Kontor (1907, pp. 67—-68). Percent urban shown below is based on
the number of persons living in towns with populations exceeding 10,000 divided
by the total population of the country.

England France Germany Sweden
and Wales
1500 31 4.2 3z
1550 35 4.3 38
1600 3.8 39 4.1
1650 8.8 72 4.4
1700 13.3 92 4.8
1750 16.7 9.1 5.0 34
1800 20.3 8.8 55 4.2
1850 40.8 14.5 10.8 4.7
1890 61.9 259 28.2 13.8

Maddison (1982, p. 8) provides some very rough estimates of gross domestic
product per capita in 1970 US. prices.

United Fruance Germany Sweden
Kingdom
1700 288 275
1820 454 377 310 307
1870 972 627 535 415

When using countrics as units of analysis, the poorer segments of the population
arc most likely to suffer the effects of the short-term preventive and positive checks
(Galloway, 1988, pp. 277-278). As a consequence we would be interested in
looking at changes over time of some measure of welfare of the poor, especially
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some measure of rural living standards. Crop yields began to increase in most of
Europe after 1750, with the England-Ireland-Belgium-Netherlands group ex-
periencing yields twice those of the rest of Europe by 1820 (Slicher van Bath, 1967,
p. 95). Yields in the group of France, Italy and Spain actually appear to decline
from 1750-1799 to 1800-1820.

England, Ireland, France, Italy, Spain Germany, Switzerland,
Belgium, Netherlands Denmark, Sweden,
Norway

1150-1199 32

1200- 1249 37

1250-1299 4.7

1300-1349 4.1 4.8

1350-1399 32

1400-1449 4.6 4.9

14501499 51

15001549 7.3 6.7 4.0

1550-1599 7.3 4.4

1600-1649 6.5 4.5

1650-1699 7.0 6.4 4.1

1700-1749 5.8 38

17501799 10.1 6.9 4.8

18006-1820 11.1 5.6 5.5

Bairoch has calculated an index of the level of agricultural development in 19th
century Evropean countries. In the following table 100 equals the net annuai pro-
duction of 10 million vegetable-based calories per male worker in agriculture
(Bairoch, 1973, p. 472).

United France Germany Sweden
Kingdom
1810 140 70 L%
1840 175 115 75 75
1860 200 145 105 105
1880 235 140 145 115
1900 225 153 220 130

While each country experiences increases over lime, we see that by 1900 agri-
cultural output per capita in England and Germany was about 50 percent greater
than cither France or Sweden. Indeed, French agricultural production was about
the same as Sweden’s. Low productivity in France comparcd to Tingland typically
has been attributed o France’s relatively large proportion of small farms (Terbil-
cock, 1981, p. 133) or differcneces in regional ccology and land use (Goldstone,
1988, p. 288).

The above measures generally suggest some parity, or at least no striking differ-
ences, in cconomic development in 17th century France and England. However, by
the 19th century we see England economically outdistancing all countries, with
France falling behind both Germany and England in the last half of the 19th century.

Of particular interest is the relative low agricultural output per capita in France
and Sweden compared to England and Germany. Based on these data we would
expect that peasants and farmers with small landholdings in France and Sweden
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would be less insutated from shocks in the food supply than those in Germany or
England, particularly in the latter hall of the 19th century. In other words, we
expect the positive cheek 1o be relatively stronger in these countrics. Tt is more diffi-
cult to say anything about the rclative strengths of the preventive check since it
comprehends both behavioral and biolegical lactors. Concerning trends over time,
we would expect a decline in the positive check in all countries with more pro-
nounced decreases in England and Germany.

Earlier research suggests that the short-term positive check appeared to be
strongly negatively correlated with measures of welfare in preindustrial European
countries (Galloway, 1988, 291-298). The short-term preventive check was signifi-
cant and about the same magnitude in all countries. These findings were generally
based on the responses of mortality and fertility to price changes in countries
during the period 1756—1870. The results were compared to overall estimates of
the average level of urbanization and per capita income during this period. These
cross-sectional results support the notion that as living standards increase the
short-term positive check fades and suggest that within a given country the short-
term positive check should diminish as living standards rise.

Secular Changes in the Short-Term Temperature Checks

We might expect a reduction in the magnitude of the temperature checks to popula-
tion growth over time as a result of increased living standards. Improvements in
housing, ventilation, heating, clothing, food storage, and nutrition (leading to
increased immuno-competence) can reduce the impact of cold winters on mortali-
ty. Improved sanitation, water supply, and food storage can diminish the effects of
hot summers.

Temperature levels themselves probably changed gradually over the long-term
with cooler temperatures found during the Little Ice Age of the 17th century (see
Galloway, 1986a for estimates of long-term fluctuations in global temperature and
their possibhle impact on population growth). From around 1660, when instru-
ment data first become available, to around the beginning of the 20th century, there
is a slight but fairly consistent warming of winter temperature and a slight cooling
of summer temperature in England, France, Prussia, and Sweden (scc Appendix
Tables Lto IV).

Other Long-Term Considerations

The primary long-term factor affccting changes in the shart-term preventive, posi-
live and temperaturc checks to population growth is probably economic develop-
ment. The slight moderation of winter and summer temperatures also may have an
independent impact on secular changes in the temperature checks. Other possible,
but unmeasurable, candidates might be the introduction, extinction, or change in
the virulence of micro-organisms and diseases themselves, as well as the vectors
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that spread them. Changes in tastes or norms independent of cconomic develop-
ment can also affect the behavioral components of the preventive check. There
seems to be little evidence to suggest that the frequency and intensity of the impact
of war and civil disturbances on mortality and fertility eithcer increased or de-
creased in Europe prior to World War L. Of course, other long-term [factors not
known to the author might also be important.

Data and Periods

We will examinc changes over time in the short-term preventive, positive and tem-
perature checks to population growth in England, France, Prussia, and Sweden.
These countrics arc used because they have the longest and oldest series of vital
events currently available. Furthermore, England was the most industrialized coun-
try in Europe by the cnd of the period under consideration, Sweden one of the
least, with Prussia and France somewhere in between, England and France have a
characteristically maritime climatc, while Prussia and Sweden’s climates are more
continental.

As shown in Figure 1, sufficient data are available to convincingly test the pre-
ventive and temperature-fertility checks. Price, non-infant mortality, and seasonal
temperature data are available, while only internal migration data are lacking,
Testing the positive and temperature-mortality checks is more problematic. While
we have information on prices and seasonal temperatures, epidemics, intcrnal
migration, wars, and civil disturbances are not included in the model. Data con-
cerning war, civil disturbances and major epidemics are not easily incorporated
into the model because it is difficult to measure the relative magnitude of their
impact and because they are often associated with high prices.

Because short-run fluctuations in mortality in Europe before 1660 are domi-
nalcd by plague outbreaks, and because temperature data are not available until
1659, the investigation of the more fully specified models is confined to the period
1670 to 1909. These dates and all dates mentioned henceforth are for the detrend-
ed series, the detrending method being described below. This era can be character-
ized as post-plague and pre-World War 1. There was a major plague outbreak in the
Baltic states in 1709, but this was cither before the periods or outside the areas
examined in this study.

The period used for England and France is 1670-1909. The periods for
Prussia, 1700-1909, and Sweden, 1740-1909, begin later due to lack of data.
Furthermore, because of data unavailabilily nuptiality regressions for France and
Sweden do not begin until the middle of the 18th century. See Appendix Tables | to
IV for summary statistics for each country. The data sources can be found in the
Data Appendix. We will also look at the preventive check in Florenee beginning in
1460 and Augsburg beginning in 1510 simply because these are two of the oldest
continuous long series of births available.

1t should be noted that the French series of births and deaths before 1740 are
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based on indices provided by Didier Blanchet of the Institut National d’Etudes
Démographiques to whom I am very grateful. The indices arc highly correlated
with actual births and deaths during the period in which they overlap, 1740-1789.
There appears to be substantial underregistration of deaths beforc 1670, although
mortality registration seems to be fairly complete by 1740,

Temperature changes should affect mortality (and fertility) differently depending
on the season. As a consequence four temperature variables have been construct-
ed: winter is the average of January, February and March; spring the average of
April, May, and June; summer the average of July, August, September; and autumn
the average of Octlober, November, and December. The oldest long series of instru-
ment-measurcd monthly temperature data cover Central England beginning in
1659, The oldest continuous serics of French temperature data begin in 1757 for
Paris, in 1700 for Berlin, and in 1739 for Stockholm-Uppsala. Sources can be
found in the Data Appendix.

Annual changes in seasonal temperature in western and central Europe are
highly correlated as shown below. The bivariate correlations use detrended data
(the detrending procedurc is described below) for Central England 16641909,
Paris 1762-1909, Berlin 1705-1909, and Stockholm 1744-1909. Because of their
high correlations, the French seasonal temperature series could be estimated back
to 1664 based on Central England data.

Winter in bold, spring in italics: Summer in bold, autumn in italics:
England Paris  Berlin  Stock- England Paris  Berlin Stock-
holm holm
England 1.0 0.52 0.49 0.45 England 1.0 .73 058 039
Paris 0.85 1.0 0.63 0.45 Paris 0.82 1.0 0.77 037
Berlin 0.82 0.78 1.0 0.69 Berlin 0.57 .64 1.0 0.56
Stock- 0.68 0.51 0.75 1.0 Stock- 0.4 9.41 074 10
holm holm
Methodology

When examining at short-run effects, it is nccessary to remove long-term trends
from all series. Each variable is detrended by dividing each data point, call it x,in a
series by an eleven year average of data points centered around x (Lee, 1977; and
Lee, 1981, p. 358). All scries arc detrended in this manner. This method of de-
trending, when used in regression analysis, yiclds regression coefficients that are
elasticities.

A realistic analysis of the responses of demographic events to changes in prices
or temperature should allow these responscs to vary over some period of time sub-
sequent to an initial price or temperature shock. The distributed lag model is a usc-
ful and simple technique for this type of analysis (Pindyck and Rubinfeld, 1981, p.
231). Howevcr, the distributed lag model demands some prior notion of lag length.
Previous work along these lines suggests that distributed lags of 0, 1, 2, 3, and 4 are
appropriate for demographic and price interactions (Table 1). Appendix Table V
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presents estimates of annual lag lengths for various variables using the Akaike AIC
criterion (Judge et al,, 1988, p. 728). It should be understood that this criterion is
purely statistical and devoid of any theory whatsoever, Realizing that plague events
probably distort the outcomes significantly, the series have been divided into plague
and post-plague eras. The median and mean lag lengths for England, France, Prussia
and Sweden using post-plaguc data [rom Appendix Table V are summarized below
(0 means lag 0; 1 means lags 0 and 1; 2 means lags 0, 1, and 2; and so on).

Median Mecan
Vital rates = { (price} 2 32
Vital rates = f (non-infant mortality) 2 3.4
Fertility = f (seasonal temperature) 1 24
Non-infant mortality = f (scasonal tcmpceraturc) 0.75 1.9
Mortality = f (scasonal temperature) 0.75 1.9

The mean is almost always larger than the median because, on obscrvation, the
Akaike AIC criterion scems to be very sensitive to outliers. Based on the above
summary table, lag lengths of 0, 1, 2, 3, and 4 appcar 10 be appropriate [or the
price and non-infant mortality independent variables in the post-plague era. Mor-
tality responses to prices in Prussia may go to lag 6, but that appears to be an
exception. Lags (0, 1, and 2 seem about right for the seasonal temperature indepen-
dent variables, although fertility responses to seasonal temperatures might go to lag
3. A distributed lag model will be used in this analysis with price and non-infant
mortality variables lagged 0, 1, 2, 3, and 4 years and seasonal temperature variables
lagged 0, 1, and 2 years.

For purposes of this study the short-term preventive check is the sum of the
responses over five years of fertility to price changes controlling for non-infant
mortality and temperature effects. Similarly, the short-term positive check is the
cumulative response over five years of mortality to price changes independent of
temperature effects. The short-term temperature-fertility check is the cumulative
response of fertility over three years to seasonal temperature changes independent
of price and non-infant mortality effects. The short-term temperature-mortality
check is the cumulative response of mortality over three years to seasonal tempera-
ture changes net of price effects. The methods deseribed below allow for the exami-
nation of the various checks at cach lag, which is necessary when looking at
changes in timing. However, the lag sum is particularly useful because it measures
the averall nct effect.

Method 1, the Fifty Year Interval Model

The first method simply runs regressions using fifty year intervals cvery ten years.
Experiments suggest that correcting for serial correlation becomes problematic
when using shorter periods, especially those less than thirty or forty ycars (scc also
Harvey, 1981, pp. 189-198). Furthermore, some of the larger models involve as
many as 22 independent variables which may generate degrees of freedom
problems in shorter series.
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The resulting elasticities are plotted and examined to see if there are any changes
in the responses over time. This method is not without problems. It forces one to
look at the world in terms of fifty-year segments. One can observe trends but can-
not measure their significance. It is not of much use if data are available for only
short periods, say 50 to 80 years. Any particular fifty year regression might be
strongly affected by outliers. On the positive side, the method is easy to understand.
‘When looking at long-term trends it does not force the data to conform to any par-
ticular mathematical function. This is especially important when hypothesizing
structural change. It is fairly illuminating when displayed graphically,

Method 1 Equations

The number of observations is always 50 and the regressions are run cvery ten
years to cover the entire time period from when data are first available to 1909. The
time periods and surmmary measures of the data can be found in Appendix Tables T
to IV, For example, the impact of prices on births is estimated as follows where, B is
detrended births, P is detrended prices, a is a constant, b is a regression coefficient,
T is calendar ycar time and e is an crror term:

4

Br=a+ > b, Pr_ .+ e (1)
P

This is Equation A in Table II. Equations A to T in Table II are generalizations of
the one shown above. All the important findings are presented graphically in
Figures 2 and 3b to 9b.

Correction for second order autoregressive disturbances is accomplished using
the Cochrane-Orcutt iterative procedure where the error process is defined as e, =
Vi ep_ + vy€p_, + uy where T is time, e is the error term, # is an independently
distributed random variable, and v is a coefficient (Pindyck and Rubinfeld, 1981, pp.
152-157). In a series with a moderate to large number of observations this correc-
tion should have little effect on the value of the regression coefficients, but it should
provide a better estimate of their significance (Harvey, 1981, pp. 189-198). Note that
in the figures the temperature regression coefficients are in terms of a one degree
Fahrenheit increase (these can be converted to Centigrade by multiplying by 1.8).

Method 2, The Interactive Model

Method 2 makes use of the so-called interactive model (Pindyck and Rubinfeld,
1981, p. 110). This formulation allows the responses of the dependent variable to
change as a function of time by incorporating lincar and quadratic interaction
terms into the equations. Time used as an independent variable in this sense may
be thought generally to reflect economic development, technological change, or
capital accumulation, as well as other factors discussed earlier.

There are problems with this method. The long-term trend is forced to conform
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TABLE II: Equations used in the analysis

Merhod 1, the fifty year interval model:

A. Fertility = [(prices).

B. Fertility = f(prices, non-infant mortality).

C. Fertility = f(prices, winter, spring, summer, autumn).

D. Fertility = f(prices, non-infant mortality, wintcr, spring, summer,
autumn).

E. Nuptiality = H(prices, non-infant mortality).

F. Mortality = [(prices).

G. Mortality = f{prices, winter, spring, summer, autumn).

H. Non-infant mortality = f{prices).

L Non-infant mortality = f{prices, winter, spring, summer, autumn),

Method 2, the interactive model:

AA. Pertility = f(time, prices, prices*time).

BB.  Fertility = f(time, prices, prices*time, non-infant mortality, nen-intant
mortality*time).

CC. Feorrlity = [{lime, prices, prices*time, winter, winter*lime, spring,
spring®time, summer, summer*time, autumn, aulumn®tme).

DD.  Fertility = f(time, prices, prices*time, non-infant mortality, non-infant

mortality*time, winter, winter*time, spring, spring*time,
summer, summer*time, autumn, autumn*time),

EE.  Nuptiality = f(time, prices. prices*time, non-infant mortality, non-infant
mortality*time),

IF Mortality = f{time, prices, prices*time),

GG.  Mortality = f(time, prices, prices*time, winicr, winter*time, spring,
spring*time, summer, summer*time, autumn, autumn®time).

HH.  Nomn-infant mortality = f(time, prices, prices*time).

1. Non-inant mortality = ((time, priccs, prices*time, winter, winler*time, spring,

spring*lime, summcr, summer*time, autumn, autumn™ime),

Notes: All vaniables except time are detrended as discussed in the text.

Fertility is CBR when available, births otherwise. Nuptiality is CMR when available, marriages
otherwise. Mortality i CDR when available, deaths otherwise. Non-infant mortality is non-
infant deaths*1000/population when available, non-intant deaths otherwise. Prices arc wheat
prices in England and France, rye prices in Prussia and Sweden. Winter is average winter tem-
perature, (January+Fcbruary+March)/3. Spring is average spring temperature, (ApriltMay+
June)/3. Summer is average summer temperature, (July+August+Scptember)/3. Autumn is
average autumn temperature, (October+November+December)/3. Time is calendar year time,
The price, non-infant mortality, price interaction, and non-infant mortality interaction inde-
pendent variables are each distributively lagged five years.

The temperaturc and temperature interaction independent variables are each distributively
lagged three years.

See Appendix Tables I to IV for periods used and summary measurces of raw and detrended
data for England, France, Prussia and Sweden. The period used in the regressions begins in
1670 and ends in 1909, subject to data availability. This period can be characterized as post-
plaguc and pre-World War 1. In Method 1 regressions are run using [ifly year intervals every ten
years. In Method 2 a regression is run for the entire period, These regression results are summa-
rized in Figures 3a to 9b,

A special set of regressions is run using Method 1 and Equation A for the very old series of
births found in Florence (1460~1909), Augsburg (1510-1799), France (1510-1909), and
England (1550-1909). These regression results are summarized in Figure 2.
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to some designated mathematical function. This may be somewhat less of a pro-
blem if one is guided by some strong theoretical justification for some particular
function. Of course one can simply use Method 1 first to get some idca of the func-
tional form of the trend. The interactive model can increase degrees of freedom
substantially depending on the trend’s functional form which can be a problem
when dealing with short series. Using this method has some advantages, assuming
onc has a good approximation of the trend’s functional form. Tt provides estimates
of the statistical significance of the trend, for short series (50 to 80 years) one can
say something about the trend of the responses, and only one regression need be
run.

Method 2 Fquations

Looking at the response of births to prices using a linear interactive model and the
same terminology as above and where b, ¢, and d are regression coefficients and 7

is time we have;
4 4

Br=a+ X bPr_, +cl+ 2 &, TP , +ep (2)
k=0 k=0
In order to estimate the change over time of the impact of prices on births we dif-
ferentiate the above equation with respect to prices and obtain:

an/aP, L bk + dkT (3)

In this case, b, is the Zero intercept and d, is the slope. The equations used in the
interactive model regression analysis arc designated AA to Il in Table II. They are
all generalizations of the above. The important regression results are displayed
graphically in Figurcs 3a to 9a.

According to the above specification, the long-tcrm trend in the responses is
constrained to be linear while an examination of the results of Method 1 may occa-
sionally indicate otherwise. Depending on one’s theorctical expectations, further
tests for non-lincaritics and the use of spline functions may be warranted (for a dis-
cussion of some of these tests see, for example, Pindyck and Rubinfeld, 1981, pp.
107-137). A cursory inspection of some of the graphs of the results of Method 1
suggested that the change in responses over time might be modelled generally by a
third order polynomial. However, experiments with this specification often resulted
in unrealistically large movements of the trend line, especially near the end-points.
This specification also forced a considerable increase in degrees of freedom. For
purposes of this study a linear trend will be used throughout as a rough but parsi-
monious approximation of the long-term trend. This will allow us to gain some
insight into the statistical significance of the long-term linear trend, always keeping
in mind the information obtained from Method 1.

Secular Changes in the Short-Term Preventive Check
It was suggested earlier that the preventive check appcars to be universal. While
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there has been a substantial amount of rescarch on various countries, the periods
have been restricted to post-1670 with the exception of England (Table I). Figure 2,
which graphs the results of Method 1 using Equation A, reveals the existence of the
preventive check in areas for which we have earlier data. The Florence series begins
in 1460, Augsburg 1510, France 1510, and England 1550. Equation A is the
simplest specification of the preventive check, but it will be shown later that adding
other variables has little effect on the basic patterns. The first row of boxes shows
the response of fertility to a price increase at lag 0 in each of the four areas, the
sccond row shows lag 1, the third row lag 2, and the fourth row the lag sum. Each
tiny column within a box is the elasticity in a fifty year interval with its level of sig-
nificance. The scales are identical throughout in order to facilitatc comparisons.

Note that the greatest effect is gencrally found one year after the price increase,
not surprising considering gestation takes nine months, and that the elasticities for
both lag one and the lag sum range from around —0.1 to —0.3. When looking at the
lag sum, there appears to be little long-term change in the magnitude of the preven-
tive check over time in Florence and Augsburg. In France it diminishes in a rather
dramatic monotonic fashion after 1580. In England it appears to weaken around
the beginning of the 19th century,

Figure 3a presents the results of various specifications of the short-term preven-
tive check using Method 2. Recall that the period has been restricted to post-plague
and pre-World War T, i.e., beginning in 1670 subject to data availability and ending
in 1909, and that the long-term trend has been constrained to be linear. Looking at
the first box in Row A, we see the changes over time by lag in the preventive check
in England. The numbers to the right of each thin line indicate the lag, the letters
the significance of the line’s slope. The thick black line is the lag sum.

Three specifications of the preventive check model are used: Row A is simply
the response of fertility to an incrcase in prices, Row B is the response of fertility 1o
an increase in prices independent of non-infant mortality cffects, Row C is the
response of fertility to an incrcase in prices independent of non-infant mortality
and temperature effects. Figure 3a suggests that the three diffcrent specifications
yield about the same results, although emphasis always will be given to the more
fully specified model which in this case is shown in Row C.

Before interpreting Figurc 3a, it would be helpful to take a quick look at Figure
3b. Figure 3b shows the lag sum response of fertility to an increase in prices using
Method 1 with places, periods, and scales corresponding to Figure 3a. This pro-
vides a uscful, if summary, check of the validity of the linear constraint on the inter-
action term in Method 2. The thick black linc in Figure 3a should roughly match
the pattern of the tiny columns in Figure 3b.

Returning to the lines of Figure 3a, we sce that the linear interaction model pro-
vides some useful visual interpretations. The lag sum, the thick black line, is simply
the arithmetic sum of the thin lines. Changes in timing of the responses are indi-
cated by crossed thin lines. Where there are no crossings of the thin lines, there are
no changes in timing. Where a line crosscs the 0-axis, a reversal in the direction of
the effcet is indicated.
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Looking at Row C in Figure 3a we see a significant secular monotonic decline in
the lag sum preventive check in France, which probably began around 1580 (see
Figure 2). Weir (1984, pp. 38, 42) obtains similar results using the periods 1670—
1739, 1790-1829, 1830-1865. Long-term changes in the lag sums in other coun-
trics arc lcss obvious and not significant. Recall that the preventive check has both
behavioral and biclogical components, thus rendering causal inferences problem-
atic. Holding adult mortality and temperature effects constant as in Row C, and
assuming that there was little change in living standards in France between 1670
and 1800, onc might speculate that the decline in the preventive check in France
was a result of changes in reproductive behavior.

Secular Changes in the Short-Term Nuptiality Response to Increases in Prices and
Non-Infant Mortality

The response of marriages to changes tn prices and non-infant mortality in England,
France, Prussia, and Sweden is shown in Figures 4a and 4b. As seen in Row A, long-
term changes in the nuptiality lag sum response to prices are significant in all coun-
tries except Prussia. England appears to have shitted from a regime of tulfiliment of
delayed marriages to one where marriages are permanently postponed as a result of
high prices. Looking at the lag sum in the other three countries, there is an apparent
shift from an carly regime characterized by permanent reductions in marriages as a
result of high prices to a later regime in which marriages are unatfected by price
changes, The secular change in the lag sum nuptiality response to prices in France is
similar to that of the lag sum fertility response to prices. This finding supports the
existence of a long-term diminution of the preventive check in France, i.c., a transi-
tion from large negative elasticities earlier to virtually no effect by 1900.

The impact of changes in non-infant mortality on marriages is shown in Row B.
Most of the nuptiality response to non-infant mortality increases is due to remar-
rages (Lee, 1981, p. 362; and Galloway, 1987, pp. 105-111), We can sece that the
English remarried less often in response to elevated mortality after 1800. The lag
sum response in France and Prussia was about the same throughout the period
considered, although there were shifts in timing, possibly related to changes in the
mourning period. Like England, the Swedish lag sum remarriage response shifted
dramatically. The last box of Row C suggests a marked decline in the importance of
remarriage in Sweden after 1800,

Secular Changes in the Short-Term Positive Check

The response over time of mortality to changes in prices is shown in Figures 5a and
5b. We would expect a general decline in the magnitude of the positive check as
living standards rise. Unlike the preventive check which is about the same in all
specifications, controlling for temperature effects appears to be important, espe-
cially in 17th century France. Looking at the lag sum responses, say in Figure 5b,
the positive check seems to disappear in England after around 1730, with a pos-
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sible slight recrudescenee after 1860. France on the other hand experiences either
an increase or no change in the positive check over time, depending on which
model is used. In fact France’s largest elasticity in all three modcls is found during
the last period 1860-1909. Whatever specfication is used, there is certainly no
decline in the magnitude of the positive check over time in France. A similar
pattern cmerges for Sweden, while interpreting changes in the positive check in
Prussia is problematic.

Comparing Secular Changes in the Short-Term Preventive and Positive Checks

The importance of changes over time in the positive check relative to the preventive
check is summarized in Figures 6a and 6b. Looking at the lag sum responses, we
see a slight long-term diminution in the preventive checks in all countries, the most
pronounced found in France. We sec a similar long-term decline in the strength of
the positive check in England and Prussia which is expected based on the trends in
measures of economic development discussed earlier. On the other hand, the posi-
tive check appears to increase in France and Sweden. It was shown earlier that agri-
cultural output per capita was significantly lower in France and Sweden in the 19th
century, suggesting that the poor would he more vulnerable to fluctuations in grain
prices than in England or Prussia. Still it is difficult to explain an apparent long-
term increase in the strength of the positive check.

Summing up, we see substantial changes over time in the short-term preventive
and positive checks to population growth. The linear constraint imposed on the
interaction terms in Method 2 generally conforms to the patterns gencrated using
Method 1. The preventive check diminishes marginally in England, Prussia, and
Sweden, and declines dramatically in France. While the positive check decreases o
near zero in England and Prussia, it either increases or remains strong in France
and Sweden.

Secular Changes in the Short-Term Temperature-Fertility Check

It was suggested earlier that warm winters and cool summers might increase fertili-
ty, although the theoretical mechanisms involved are not at all clear. Figures 7a and
7b display the changes in impact over time of the short-term temperature-fertility
check by season. Note from the vertical scale that these cffects are very small.
Gencrally, warm winters and autumns and cool springs and summers seem to be
associated with increased fertility. Sweden experiences the most dramatic long-
term changes, probably associated with the impact of general economic develop-
ment on housing and hygiene. In the 18th century fertility increased significantly
with warm winters, warm springs and cool summers.

Secular Changes in the Short-Term Temperature-Mortality Check
The mortality responses lo temperature changes can be seen in Figures 8a and 8b.
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We hypothesize that cold winters and hot summers increase mortality with spring
and autumn effects falling somewhere in between. Recall that cool winters are par-
ticularly associated with increased respiratory ailments and an increase in the inci-
dence of highly contagious diseases in general. In Figure 8a we see that the winter
check is negative at nearly all lags, as expected, with a significant diminution over
time found only in England.

Looking at Figure 8a, it might appear at first glance that warm winters tend to
increase mortalily in late 19th century England. Examination of Figure 8b suggests
that in fact there is no significant impact of winter temperature change on mortality
in England after 1800, The lag sum in Figure 8a is simply a result of the linear con-
straint imposed on the regression in Method 2. Such apparent anomalies are infre-
quent in this study and can usually be resolved by recourse to the results of Method
i, as in this case.

Elevated mortality from hot summers is generally due to gastro-intestinal dis-
eases associated with poor hygienc, bad sanitation, and food contamination. The
summer check as shown in Figure 8a and perhaps more appropriately in Figure 8b
is very strong cverywhere in the 17th and 18th centuries and tends to weaken
dramatically in the 19th century. Because the causal mechanisms involved in the
summer temperature check to mortality are fairly straightforward, the analysis
sugpests that the long-term decline in death rates observed to begin around the end
of the 18th century in these countries may have been related to improvements in
hygiene, sanitation, water-supply, and food quality and availability.

Comparing Secular Changes in the Short-Term Temperature Checks

Figure 9a compares the secular trends in the short-term temperature fertility and
mortality checks. The temperature-mortality check tends to overwhelm the tem-
perature-fertility check in nearly all cases. The winter and summer checks are par-
ticularly interesting because they should generally reflect the most profound
effects. While the summer-mortality check declines everywhere, England is the
only country to experience significant diminution in both the winter and summer
mortality checks.

Using Real Wages in Place of Grain Prices 1820—1%09

While grain prices arc ccrlainly a useful measure of annual changes in living
standards in the preindustrial setting, the present study covers the last half of the
19th century, a period in which some of the countries under examination were fair-
ly far along the path toward industrialization. Tt is uscful 16 wonder whether fluc-
tuations in grain prices are a relevant measure of changes in living standards after a
certain level of development has been reached. As the proportion of the houschold
budget allocaled to food purchases decreases, variability in food prices might
become a less effective measure of changes in living standards.

In order to assess this problem, annual real wages were used in place of annual
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grain prices in the Method 1 analysis of the period 1820 to 1909. Nominal wages
in the agrarian and industrial sectors were weighted based on percent of labor force
agrarian and percent industrial to arrive al some overall estimate of the nominal
wagc. The resulting nominal wage series was divided by a consumer price index to
produce a real wage. There are problems with using real wages. These include defi-
nitions of the nominal wage, construction of consumer price indices, representation
of the series, and coping with large gaps in the series. Furthermore, data needed to
construct long, continuous, and representative series of annual nominal wages [or
countries before the middle of the 19th century are usually nonexistent or unreli-
able. Despite these limitations, the general results (not shown) of the Mcthed 1
analysis using real wages in place of grain prices from 1820 to 1909 in England,
France, Prussia, and Sweden were substantively the same as those obtained using
grain prices.

Discussion

Tt is always difficult to be precise about the importance of variables proxied by a
secular trend, and even more difficult to specify the causal linkages involved. While
nearly everyone agrees that during the period under consideration there were long-
term improvements in food supply, production, trade, distribution, hygiene, sanita-
tion, and perhaps general living standards, it is problemalic to assess their relative
levels of importance to secular changes in the preventive, positive, and temperaturc
checks. -

Nonetheless we do obscrve a genceral secular diminution in the positive and tem-
perature checks in England. By around 1900 the English were virtually insulated
from these kinds of environmental shocks. Other countries were less fortunate.
While the temperature checks had diminished in most countries by around 1900,
the positive check in France and Sweden was as strong or even stronger than it had
ever heen.

Examination of the French and English experiences is instructive. Therc was
little difference in the relative strengths of the preventive and positive checks in
England and France [rom around 1670 to 1730. Most economic measures suggest
that neither country was more developed than the other. The demographic picture
changed dramatically in the 18th and 19th centuries as the positive check began to
decline in England and to increase in France. The preventive check remained fairly
constant in England throughout, but appears to have declined dramatically in
France. Around the middle of the 18th century, England began to oultdistance
other countries in terms of economic development.

Accounting for the protracted positive check in France is difficult. Onc explana-
tion might be found in the substantially lower productivity of the agrarian sector in
France compared to England. Lower agricultural output per capita tends to in-
crease exposure of the poor to the vagarics of the annual harvest. However, while
the level of output was certainly lower in France than in England in the 19th cen-
tury, most socioeconomic measures seem to suggest a gradual long-term increase in
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living standards in Francc, with perhaps some acceleration after 1800. A constant
or increasing positive check coincident with increasing economic development
seems anomalous.

One conceivable explanation lies in the use of averages as our proxy measures
for economic development. The mean can rise when the upper and middle income
groups experience significant increases while the living standards of the poor stag-
nate or declinc. When using countries as units of analysis, the checks probably
reflect responses of the poor (Galloway, 1988, p. 277).

An alternative cxplanation might be found in the differences in the relative
strengths of the preventive and positive checks. It is possible that these demo-
graphic responscs 1o scarcity might themselves affect economic development. Sup-
pos¢ two countries having about the same standard of living must experience an
identical reduction in population growth as a result of short-term scarcity. As-
suming no out-migration this can occur by increasing mortality, decreasing fertility
or by some combination of the two. Countries whose population reduction is domi-
nated by the preventive check will experience a more efficient use of their re-
sources, as opposed to those where the positive check is more important. In other
words, in a dominant positive cheek regime, resources are wasted, relatively speak-
ing, on infants and children who ultimately die as a result of some short-term
decrease in per capita food supply. In a dominant preventive check regime, where
fertility is reduced as a result of some short-term decrease in per capita food sup-
ply, such resources could be dirceted toward more useful enterprises.

The empirical findings of this analysis suggest that France experienced a signifi-
cant long-term decreasc in the preventive check combined with a persistantly high
positive check. Ceteris paribus, countries dominated by the positive check are rela-
tively inefficient resource users. They would tend to experience slower economic
development, Retarded economic growth itself may also contribute to a more per-
sistent positive check. This scenario suggests one possible explanation for France’s
slow progress toward industrialization in the 19th century, For many other explana-
tions see, for example, Crouzet (1967), Landes (1969), Crafts (1976), and Trebil-
cock (1981).

In England, en the other hand, the positive check virtually disappeared around
1730 while the preventive check persisted and did not decline until around the
middle of the 19th century. The early disappearance of the positive check may have
tended to free up resources that might have been wasted on early deaths, providing
some impetus toward more efficient resource allocation, which in turn may have
made some contribution toward England’s relatively early industrialization.

Summary
The main findings of this analysis are:
1. Fertility declincs as grain prices increase (the short-term preventive check) in
all countries and cities examined. This response diminishes significantly over

time in France.
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2. Nuptiality appears to decline as a result of grain price increases. This effect
weakens over time in France and Sweden.

3. Mortality increases as grain prices increasc (the short-term positive check).
This response persists in France and Sweden, but seems to disappear in Eng-
land around the middle of thc 18th century,

4, There is only a weak association between seasonal temperature fluctuations
and variations in fertility.

5. Cold winters and hot summers are associated with high mortality. The impact
of hot summers on mortality appears to weaken in the 19th century in all the
countries examined.

Appendix I: Data

(All data are for the calendar year and all dates are for the raw series unless stated
otherwise.)

Florence 1455—1914

Births 1455-1849 are from Zuccagni-Orlandini (1848, pp. 420-507). Births
1840-1914 are from Bandettini (1961, p. 101). The two series are spliced after
detrending.

Wheat prices 1450-1914 are based on the [ollowing: Florence wheat prices
1450-1566 from Goldthwaite (1975, pp. 33-34); Siena wheat prices 1557-1757
from Parenti (1942, pp. 27-28); Florence wheat 1748-1890 from Mauri ef al.
(1970, p. 645) and Bandettini (1957, p. 13); Italy wheat from 1881-1914 from Isti-
tuto Centrale di Statistica (1958, p. 173). The series are spliced after detrending.

Augsburg 1505—1804

Births 1505-1804 are from Schrciber (1940, pp. 103-123, 164-167).
Rye prices 1500-1804 are Augsburg rye prices from Elsas (1936, vol. 1, pp.
685-688).

England 1545—1914

CBR, CMR, and CDR 1545-1871 are from Wrigley and Schofield (1981, pp. 503—
535). CBR, CMR, and CDR 1872-1914 are (rom Mitchell (1981, pp. 123, 130).

Infant mortality rate 1539-183¥ is estimated from life expectancy and life table
data from Wrigley and Schofield (1981, pp. 230, 714). Infant mortality rate 1839
1914 is from Mitchell (1981, pp. 137, 139, 141).

Wheat prices 1540-1914 are based on the foliowing: England wheat prices
1540-1604 (harvest year) from Bowden (1967, pp. 817-821);, Windsor wheal
prices 1595-1667 from Smith (1776, book 1, chapter 11); Winchester wheat prices
1658-1817 from Beveridge (1939, vol. 1, pp. 81--84); England wheat prices 1808—
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1914 from Mitchell and Deane (1962, pp. 488-489). The series are spliced after
detrending,

Monthly temperature data 1660-1914 are for Central England from Manley
(1974, pp. 393-397).

France 1505—1914

Birth indices 1500-1789 and death indices 1560-178Y were obtained from Didier
Blanchet of Institut National d’'Etudes Démographiques. Births and deaths 1740~
1789 are available from ‘Institut National d’Etudes Démographiques (1977, pp.
332--333). The indices are highly correlated with vital events where they overlap
(1740-1789). I estimated births 15001739 based on the ratio of births to birth
index during the period 1740-1749. Deaths 1560-1739 were estimated in a simi-
lar manner.

Births 1500-1745 and deaths 1560-1745 are from above, From 1740-1914
vital rates are used. CBR, CMR, CDR 1740-1839 are from Institut National
d’Etudes Démographiques (1977, pp. 332-333). CBR, CMR, CDR 1840-1914
are from Mitchell (1981, pp. 116, 119, 125). The event and rate series are spliced
after detrending,

Infant mortality rate 1740~1829 is from Institut National d’Etudes Démogra-
phiques (1977, pp. 332-333). Infant mortality ratc 1830-1914 is from Mitchcll
(1981, pp. 137, 138, 149). Infant mortality rate before 174{) is estimated to be 296,
the average of 1740-1749,

Wheat prices 1486--1768 are from the following places: Douai 14861768 from
Mestayer (1963, pp. 168-170); Paris 1486-1768 from Baulant (1968, pp. 537-
549); Strasbourg 1486—-1768 from Hanauer (1878, vol. 2, pp. 96-101); Toulouse
1486-1768 from Fréche and Fréche (1967, pp. 85-90); Grenoble 1501-1768
from Hauscr (1936, pp. 365-370), Poitiers 1548-1768 from Raveau (1930, pp.
315-365); Aix 1580-1768 from Bachrel (1961, p. 535), Angers 1580-1768 tfrom
Hauser (1936, pp. 258-262); Pontoise 16411768 from Dupaquier ef al. (1968,
pp. 31-101); St. Etiene 1641-1768 from Gras (1910, pp. 266—-292). Each series is
detrended, then the annual averages are calculated for the period 1491-1763.

Wheat prices 1726-1913 are France wheat prices from Labrousse (1970, pp.
9-11}. The four ycar gap in this series 1793-1796 is filled using data from
Labrousse (1933, p. 105). France wheat price for 1914 is based on data from
Fourastié (1938, vol, 1, p. 13). The detrended serics is calculated for the period
1731-1909. The detrended series in the preceding paragraph is used from 1491
1730. The two detrended series are highly correlated, r = 0.90, where they overlap
(1731-1763) and have similar coefficients of variation.

The monthly temperature data 1660-1914 are based on the following scries.
Paris 1757-1885 from Renou (1889, pp. B211-B213) and Paris 18861914 from
Ministére de I'Economie et des Finances (1966; pp. 15-16). The mcans of the
1886-1914 data are adjusted to match the means of the earlier series based on the
decadal period in which the two series overlap, 1876-1885. The data 1660-1756
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are estimated using the Central England temperature series from Manley (1974,
pp. 393-395) with estimates based on the decadal period in which the two scries
overlap, 1757-1766.

Prussia 1700—1914

Births, marriages, and deaths 1695-1757 are from Behre (1905, pp. 445-449).
The series is based on data for the following regions of Prussia: Pommern-Camin-
Lauenburg-Biitow, Neumark, Kurmark, Magdeburg-Mansfeld, and Halberstadt-
Hohenstein. Some gaps in some series are filled based on the change in vital events
of a neighboring region.

CBR, CMR, and CDR 1749-1805 are from Behre (1905, pp. 445-462). The
scrics is based on data for the [ollowing regions of Prussia: Pommern-Camin-
Lavenburg-Biitow, Neumark, Kurmark, Magdeburg-Mansteld, Halberstadt-
Hohenstein, Minden-Ravensberg-Tecklenburg-Lingen, Kleve-Mark-Mdrs-
Geldern, Schlesien, and Ostfriesland. The regions of Preussen und Litthauen (East
Prussia) and Neufchatel are excluded because of complicated boundary changes
and lack of data. Some gaps in some series are filled based on the change in vital
events of a ncighboring region. The sum of the vital events is calculated and divided
by the population for each year. CBR, CMR, and CDR 1806—-1815 are based on
data for the city of Berlin from Statistischen Amt (1920, pp. 67, 70, 101), and for
the city of Frankfurt from Bleicher (1895, p. 237). The annual estimates for Prussia
for the years 1806—1815 are made by applying the average annual percent change
in vital events in Berlin and Frankfurt during the period to the Prussia data begin-
ning with 18035,

CBR, CMER, and CDR 1816-1914 are from Koniglichen Statistischen Bureau
(1904 vol. 188, pp. 12—13; and 1916, vol. 249, p. 14).

Deaths 1695-1815 probably include stillbirths which should be removed. This
is accomplished by multiplying the number of births in a given year by 0.039, the
estimated stillbirth rate in Prussia 1816—1870 from Koniglichen Statistischen
Bureau (1904, vol. 188, pp. 12-13), and subtracting this result from deaths.

The vital event and vital rate series are detrended and spliced.

Infant mortality rate 1695-1815 is estimated to be 188 which was the average
rate in Prussia 1816—1870. Infant mortality rate 1816-1900 is from Koniglichen
Statistischen Bureau (1979, vol. 48, p. 97; and 1904, vol. 188, p. 121). Infant mor-
tality rate is interpolated for 1867-1874 because infant mortality data were not
collected during this period according to Koniglichen Statistischen Bureau (1912,
vol. 233, p. 414). Infant mortality rate 1901-1914 is from Koniglichen Statistischen
Bureau (various volumes).

Rye prices 1689—1825 are from the following: Berlin from Dieterici (1853, pp.
92-95) with gaps filled using Berlin rye prices from Naud¢ and Stalweit (1910, pp.
624-631), Stalweit (1931, pp. 647-651); Frankfurt rye prices are from Elsas
(1949, vol. 2b, pp. 112-114) and Koniglichen Statistischen Bureau (1905, p. 69);
Danzig rye prices are from Furtak (1935, pp. 121-124) and Abel (1980, p. 308).
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Lach series is detrended, then the annual averages are calculated for the period
1694-1820,

Rye prices 1516-1903 are in marks per 1000 kg and are the average of Berlin,
Rheinland, and Danzig rye prices Koniglichen Statistischen Bureau (1905, p. 69).

Ryc prices 1904-1914 are in marks per 1000 kg and are the average of Berlin,
Frankfurt, and Danzig rye prices from Statistischen Reichsamt (1919, p. 96).

The monthly temperature data 16901914 are for Berlin and are based on the
following: 1690-1699 is estimated based on Central England from Manley (1974,
p. 393); 1700-1710 from Brumme (1981, p. 202); 1711-1768 from Hellmann
(1910, pp. 5761}, 17691920 from Clayton (1927, pp. 501-503). Some gaps were
filled in the 17111768 series using De Bilt, Netherlands, data from Labrijn
(1945- 89, 94).

Sweden 1735—1914

CBR and CDR 1736-1914 are from Statistika Centralbyran (1969, pp. 86—
97). CBR and CDR for 1735 arc bascd on data from Hofsten and Lundstrom
(1976, p.173). CMR 1755-1914 is from Statistika Centralbyran (1969, pp.
90-97).

Male first marriage rate 1749 to 1875 is male first marriages multiplied by 1000
and divided by never married males aged 20 to 49. Female first marriage rate 1749
to 1875 is female first marriages multiplied by 1000 and divided by never married
females aged 20 to 44. Data arc from Sundbirg (1907, pp. 214-216).

Male remarriage rate 1749 to 1875 is male remarriages multiplied by 1000 and
divided by widowed males aged 15 to 64. Female remarriage rate 1749 to 1875 is
female remarriages multiplied by 1000 and divided by widowed females aged 15 to
534, Data are from Sundbirg (1907, pp. 218-220). Data 1751 to 1801 arc cstimated
by Sundbirg (1907, p. 219).

Infant mortality rate 1735-1750 is cstimated to be 205. The rate 2035 is the
average infant mortality rate 1751-1760 from Statistika Centralbyran (1969,
p. 91). Infant mortality ratc 1751-1914 is from Statistika Centralbyran (1969, pp.
90-97).

Rye prices 1721-1914 arc in kronor per hectoliter and based on the following
series: 1721-1731 is the average price of rye in Stockholm, Uppsala, Gotland,
Halland, Varmland, and Orcbro from Imhof (1976, pp. 754-761); 1732-1829 is
Sweden rye from Jorberg (1972, vol. 1, pp. 632-634); 1830-1914 is Sweden rye
from Myrdal (1933, pp. 174—-175, 200, 202).

The monthly temperature data 1730-1914 are from the following series: 1730
1738 is estimated based on Berlin from Hellmann (1910, p. 57); 1739-1755 is for
Uppsala from Hamberg (1906, p. 58), 1756-1914 is for Stockholm from Statistika
Centralbyran (1939, pp. 2-5).

Climatic Change January 1994



“

Co0 - 0L00 1600 T90°0 £E0°0 FFST 956l 0Z'8 9ere (T T a06T-0LYT pueEug
oIre LeG OFO0 LEDD ZLoo Y 0Lfl 06'L L¥IE 0§ 60610981 pue|gus
FOT'0 PO 90 6E0D cLon SL0T 19T P08 ET¥e 0s 6681-0681 pueriuy
910 P00 0500 100 FLOD LYt Le791 80°8 [RASS 0s 6881-0F81 pueiuy
0810 AL faS ] 0o 9to0 9Tt 1891 218 8LSE as 6L8I-0E81 puerdug
9810 £r00 rS0'0 P00 6I0°0 ¥oCe £0LT 91’8 (A as 698T-0T81 puerdug
9610 SHO0 BS00 L¥00 +e0o 0£ee PFLI rs StLE as 65810181 puersuyg
A4l 6r0°0 S90°0 G900 FEOO 10¥2 §6°L1 ors 0T'8¢ 0s 6¥81-0081 puerdug
FITO aroo FAT LOOO SEO0 0L¥vL LERT 178 08'8¢ 0s 6ERI-06LT puelsug
80T0 G50°0 690°0 B0 9g0o (8L £lol 0r'8 111313 as 6T8T-08LT puefiug
Lo [0 0LO0 900 E00 [ rd Z8'6l S8 9cge as BI8T-0LLT puefdug
c0T'o LSO GL00 900 ve'o ootz L¥ 0T 9L8 SLE 0g 608T-00LT puefsug
OLT'O LS 9900 6v00 LEOD SO'LT 80°0% FLo8 06'cE 0¢ 66L1-06LT puerdug
10C0 0L0°0 06070 0500 0e0'0 SUig SE'TC 698 FLYE 0% 68LT-0FLT pueEuy
Z0E'0 8L0°0 €010 £90°0 FEOO 08T 681e 6L'8 LE'FE 0% 6LLI-0ELT pueisug
[N 601°0 9r1°0 FLOO DR 9T'6t PLCT 08’8 PLEE 0s 69LT1-02L1 puelsug
8220 [11o L¥T°0 EL0YD P00 s06L | ¥y 658 90ce 0g 65L1-0TLT pugdug
B I¥T0 1170 csro £L00 6F(F0 glag 68TT o6r'8 SLTE 0% 6FLT-00LT c:m_mcm
W 6o £01°0 9era cR00 6v0°0 106¢ 18°7C 9T'8 (A4 o< 6ELI-069T nmﬂmﬁm
= TeTo 10170 [e1°0 9L0°0 L¥00 £9'6d E£C'ET 0o SL1E o< 6CLI-0%9L E::wum
- £ET0 080°0 660’0 ELOO 0r00 0882 Z6'TT £9°L Iie Dg 6TL1-0L91 PUB[ST
o LIT0 W10 0eT’0 88070 6E0°0 Slec £TET 9L FLOE o< 60LT-0991 pueduy
o 9ze 0 [Z1°0 810 010 190°0 17°6C ez FoL D6'ac 0% 669T-050T pue(duyg
= 6cT0 BZI0 191T°0 FEITO £90°0 0L8T L6TT ELL LE6T 0% 689T-0F0T pugFuy
& [A#al] oeT o L9T°0 PETO LB0 BELT ca'le SLL OL6T oS 6L91-0E0T pueyEuzy
SET0 £91°0 LOT0 6ET°0 LLO0 4214 6E 1T 6L BT0L s 6991-0Z91 pukdiry
9Tz LF10 161°0 ZeT0 LLO0 groc 0% 0¢ [T'8 06'0¢ us 68910191 purdry
00zT0 Is1°0 €610 POT0 €e00 ¢s'se B00C 8T8 B0ZE 0s 6F91-0091 puedry
ZIT0 a910 800 0800 6500 £5°ST B00C LS8 £2¢e 0s 6EI[-06861 puerdny
120 [91°0 6020 6L0°0 8C0°0 [0°ST 856l Io'8 [LZE 0s 6c91-08¢1 puering
Fal'0 £Tro 1910 L9070 00 05vT erel It's FOee 0§ GTOT-0L81 pueEuy
€070 8T1°0 CLTD 600 9c0'0 BEPT 6881 0L'6 SEEE ¢ a09T-09¢1 puefdug
€20 FLI'O IANAY 8CT10 TL0°0 ceot ££°0T F6'6 0rE 0¢ 66810851 pue[sug
sa001d merr a4ad ddN JWO HgoD qan HAN dND UMD
SATI3S PAPUILISP JO UCIELIEA JO JUIIYIC]) SIS MBI JO UBI[N u potag 2084
(]

S2LIAS PAPUANSP Y} JO UOTIRIIRA JO SIUITIIL00 PUB SIS MBI AU JO SUBSW :pueduy | TV XICNTdY

Climatic Change January 1994



33

Secular Changes in Checks to Population Growth in Europe

‘TRyuaIe] saa1fop m st ainleradmay
"IR1 Y1BaP JUBJUT-TIOU Y] $1 {(IN (SA0N

0c0a LEXQ oo F200 9800 0E8Y PFEY ELBE 96'1% ri6t ¢ 6610491 pueEuy
61070 LE0°0 €200 £20°0 ce0o 0¥'8Y £ety HE8S 6L'1¢ IL6E 0% 60610981 pueEug
12070 6E0°0 £¢0°0 L4V €800 [Aa1d PrEY 0L'8s 8§1s LY6E 0g 6ORL-0C8T puersuq
L1200 LEOO ¥200 £cin £50°0 LESY £FeEr FA:1Y 9615 LE'6E 0¢ 6881087 puedug
0o Le00 Feo0 $T00 £S0°0 6r 8y 89Ct LE'BS a1'es 9e'6e o< 6L81-0E8T puedug
£coo LEOD 9zoo 200 ceqrag 6E8Y 60+F 1YY SETS SEae 0= 69810281 puedug
FTOn 6070 SA] Fe00 850°0 1+8¥ 98’ Cy SRS r1es LT6E 0g 6581~018T puesug
AN 600 ¥TO0 FTOn 00 0r'8r 1L°E¥ £C'8S LTTS 1°6E 0% 67810081 puedU
£T00 000 £TO0 LT00 6500 ey coey GL'8S .1 4Y 91'6E o0& 6EB1-06LT pue[dug
£Too ALY oo RTO0 6500 OL'8F rley 89'8¢ LTTS 168t 0< 6281-08L1 pue[dug
120°0 6t0'0 0Z0 8200 8S00 9T8F BoZr 1068 61°TS CR8E s 6181-0LL1 pug[ug
0zon ceRo LARVEY 8200 €500 L8 t0Er £l68 Ay 8L°8¢ us 608T-09L1 puefduy
0200 £edo L0 Al LEDD 18 00er [res LETs cR'8e us 66LT-05L1 puefduz
£z0'o e} B10°0 Ry BEO0 CTRY arey (A BOCE L¥'8E s 68LT-OFLI pue[Bug
[20°0 CEQD 210°0 £20°0 9500 85°8¢ Lot FE6% Zree 8T6¢ 0s 6LL1-0ELT puesug
0c00 LEGO LT0Q £T00 FSO0 Q9’8 aL'er 8T°6% 61°C¢ 9T'6e oS 69L1-0CLT pueBuyg
azro 9e0’0 81070 oo FEO0 FO'RY S8'er LT6S 80CE cEee as 6ELI-01LT pukSuyg
61rn 9E0°0 81070 €200 SO0 Qu'8Y 95ty PEBE 01'es faaity 0s 6vLI-00LT pueFuy
SIoa 8200 61070 0200 0s00 6E8F ELEY 9885 ERIS [AR.13 0% 6ELT-0691 pueySuy
L100 £E0°0 azoo £C0°0 65070 66'LY EVEP  LP'BS 8C'IS 98¢ 0% 6ZLI-0891 pueBuy
L100 9E00 oo faq0l] 65070 CLLY 10t 9T'8E 8y TC8E 0% 6TLT-0L9L peSuy
[BOUUY WY J2WWUNG Juudg  aou [EOUUY  UWNNY  ISWIng Jundg  1oyurp
SILIS
armjeradws) papualIIsp Jo UDTEBLIBA JO JUIIIFA0T) SALIAS AIMeIadur] mel Jo ueajy U pouad 9%l

limatic Change January 1994



881°0 0210 981'0  «160°0 Z¥0'o w»lSLT +:06'0C +30'8 69°0€ OrT 6061-0L91 30ukI]
OIT0 6L0°0 88000 9S00 TZOO AN AA 1781 69L  0%ET 08 606 1-D9§[ aauer]
0L10 9800 6070 §60°0 €200 L6'TT 1481 vLL POFC 0% 66810681 QI
E8T'0 680°0 6600 0900 LTOO 9EET S6'81 SyL 109¢ 0g 6881-0%81 IUeI
r6l'0n £60'0 FOTO z90°0 8200 TH'ET LTel 66°L BO'LT 0¢ 6LET-0EST aduel
6610 900 8900 6£0'0 1200 60'te 8L6T 6L QT'8T os 698T—0Z81 aquelf
FZT0 9L0D 060°0 FIU'0 [TO0 17T £6'61 66'L [S'6T 0s 6SRT-0181 asuel
9610 SLOD ra0'n 61IT0 9zZ00 S 86°0T 162 cLoe 0s 6¥8T1-0081 Ukl
9810 Fe00 FTI0 PET0 L200 0£'8¢ (S [s8 197Z¢ s 6ERT-06L1 »uel]
TRTO 16070 €210 LET0 8200 LE0E LLTT €8 9E'+FE 08 6281-08L1L SOUEBL]
LLTO £0T°0 ¥10 Iv1°0 0e0Q TE£ee 19°¢€C 6e'8 §CCE D& 6I81-0LLT JOUEL]
FET'Q 600 ¥er'o 6600 9z 9Lt ST+C It+'8 F89C 0% 608T-09L1 JUEL]
£Zre IR 9e10 ol prasy SOFL 6F T L8 6£°8¢ as paLI-05LT el
1210 S60'0 OFT'0 R0 08L9F6 9BLT9Y C890T01 0s 68L1-0FLE aaueld
9FT10 0010 0<T'O 0E0'0 (e0TTH £HTTED EOLLLIOT (114 6LLT-0EL] ey
=R 9510 8600 £eTo £E00 657568 ¥91Z09 FOOF10L 0s 69LT-EL] aouel
z I8T°0 I+1T0 £E£T0 9c00 1EPTOR ETTILS BLECO6 0s 6SLT-01L1 aduetg
= 0sz°0 ar1o SFT0 2900 LEOTFS CO6STES CTILBE66 0¢ 6FLT-00L1 el
G. 6570 L6170 0cen SLOO 269¢18 0Ly07S 919066 0¢ 6ELT-0691 SJUBI]
m 6920 L6170 LECT0 LLOO N6TIBL SI690¢ 609LL6 ng 6TL1-0891 0UeI ]
-B 9T 00 9e¢0 LLOO BE666L 0LL01€ LB69LE 0s 61L1-0L9T JEL]
_u,nm 65T0 caro AN 69070 801062 6E£E86F 60LERE 0s 60L1-099T |JuBlg
S1c0 ticy ELED TLOO ccIT9L SBTRLY 0£S65H s 669[-059F JJuelq
£61°0 8910 ROE0 9500 £19669 099% T ¥ 9RIC96 s 68910191 sauelj
S0T0 R1T0 S8ED 2900 05L669 F1£01F BLROCH as GLIT-0E9] AOUBL]
FOT0 ¢Ien 080 OO0 £9C899 80598¢ T68TE6 0s 69910291 adueLy
€8T°0 FOT0 6E°0 800 LBTE99 RETTSE AR 0g 65910191 EoULEE
£91°0 E8T°0 91£0 0500 FPLOSD - GLESLE 1£0096 0% 6F91-0091 2OUBI]
8F¥1°0 6070 78870 FOO'0 SEFP69 ETERTY 188TLh ne 6E9T-065T dAUBL]
SET TeT0 FOF (0 L0 8CHC99 SLE06E FTS816 0g 6Z91-08T JuelJ
9910 GET0 £1¥°0 080°0 CEFELD BESEOF 908716 0¢ 6IQT-0LST adueLy
saoud ure1n 40D AN HWO +J4d0 O +AON JHWD =D
31198 PAPUATISP JO UOUBLTEA JO TUSIHR0) S3LIRS MBI JO UBSJN u potrsg 20v]d
M S3TI0S PAPUANAP S JO TOHELRA JO SJUIIYFI0D PUE SIS MEL I JO SURS 1a0tely ] ITAVL XIANHIIV

Climalic Change Januvary 1994



wy
o

Secular Changes in Checks 1o Population Growih in Furope

"3]YB[IBAE JOU 3IE EIED OV 21BIPUT SYUR[g
IRYuAYE $au3ap ul ST armjeiadwa ],
9181 YIBIP JUBJUL-LUOU U] S1 YN 510N

‘B061-0SL 1 x
60610981 01 6ALT-(ISLT WOL) PISTL 3B SATBL [BUA 68 [—0PLL O1 [ 21—0L5] WOI} PASN 1B SJUBAD [BILA

oo 9r (0 7¢00 LT00 6500 LLOS [9°¢Y £R'¢Y +9°9¢ T6'8¢ 0+t 6061-0L91 ERUET |
[20°0 o0 £¢00 ST00 8E0°0 £T08 SHEY 6F'cY TLGE Foot s 6061-0981 aaueLy
£eon Lo P00 Seoo LS00 0z o8 LEEY 05'ce LL6S 0T'ot 0s 6681-0881 ouRLy
Foara FeQrQ gzon 9c0'0 7500 60°0% STEY L2 WAY gLec toet as 6881-0F¥81 0uURL
Feira SE0 9co0 6200 PE0°0 TTos ey LYY TRCE IPE S 0s 6L81-0¢81 aouelq
§TO0 0c00 8¢00 0£00 0900 £€°08 €0t A4 +0'9¢ PL8E 0% 698T-0C81 avuel
9zc00 Q€00 LEO0 6200 FO00 1208 LE'ETY 9€'gY EReE CO'8E 0s 65810181 RurLy
ST00 0500 STO0 100 $90°0 6708 LOPF 9+'2Y 0e'ss €L8€E 0s 6F¥RT-008T ouel
cTon 1500 £con Ze00 L9070 9z 0¢ [T+t 8%'79 +OCC [§'8¢ ¢ 6ERT-0RLT LA |
LTO0 {00 £con £e0o 69070 80°0¢ SPer L¥T9 FLSE 89°RE 0% 6TRI-0BLT ERLRE |
9z00 £e00 oo cE0D 9900 1€08 8C°EF T6°¢9 TR'ES 16°8¢ 0s BIRT-0LLT uelg
#c00 500 0coo cEND 190°0 1408 FoEr LLEY ag9s ot 0s B08I-09LI uelq
€00 6+0°0 1200 ZE0D T90°0 0608 N 9T'¥9 ERGS SO6t 0s 66L1-06LL aouelq
STO0 0800 fAAIRY 6700 2900 q11¢ £eer 019 8TLS [8'8¢ 0¢ 6SLT-0FLL PuBLg
1200 0F00 LTOD STO0 9c00 0e'1< I€'vF 06'S9 88°LE 5'6¢ 0s OLLT-OLLT 20UBL]
61070 6800 STOD +TO0 £S00 LTS 20'tF +0'99 PTRE 05’6t 0% 69LT-0TLT ERLIEAT |
6100 9200 6100 ZTO0 +<00 £6'1¢ £+ 099 ZI'8¢ Pret 0¢ OSLT-OTLT 3BT
8100 9£0°0 SLO0 o0 +E00 LB'1S 6T TY 199 €188 PE6g 0¢ 6rLT-00LT QIUELY
Fi00 8TO0 6L 0Z0'0 05070 891§ STy 65°C9 E8LS PL6E 0¢ HELT-069T J2UBIg
aLon ceon 0TO0 £E00 6500 az'1s 9LET €1'g9 €CLS 85']¢ 0e HTLT-089T QML
L1100 9t0n eo o0 600 86°08 PN o 16'+9 CCLS FE'8¢ 0e OILT-0L9T UL
[BNETY TNy Iawung uudg I9JUIAN [EnUUY  ummny  ISWmng Fundg ISTULA
$ILIDS
amjeradius) papuaiep Jo UOTIRLIEA JO JUSDLA0)) $91198 2INJEIadIa] MBI JO URay u poLayg aorg

Climatic Change January 1994



£17°0 €600 £TI0 LLOD  £ROD SB0'8T  walS0T L PEE «ST6E 0¥z 6061-00LT s BISSTU]
TEPT0 FSON 0L00 LS00 8E00 66ET 91 ] FELE 0% 6061-0931 RISSIIg
£RT0 OO0 IR00 L9000 LEDD LLST L6LT L8 118 0§ 6681031 RISSIL]
6070 9900 6800 LLOD  tFOO 689 6161 658 1£°8¢ 0s 6881-0F8T RISST
RITO  FL00  S600  LLOD  9F0D vLLT 1202 188 1+'8€ ns 6.31-DE8T wIssnig
FETO  FLOO 600 €900 TFOD 69LT 6£'07 L8R £4°9€ 0s 69810781 BISSnLg
1970  £80°0 860D S6D'0  LFOD +£'8T 1z 26'8 15°6€ 0% 6SRT-DTRT BISSHL]
QFT0 L300 TOTO  Ze00  THO0 SE6T 612 26'8 SCOF 0% 6+R1-0081 BISSOL
..w PTTO 6300 SOTO 1600 9£0°0 vL6T 1722 e 86°0F 0% GERT—06LT BISSII
g 807’0  S8O'D 6600 8800 9£0°0 6L°6T L1TT £6'8 61°1F 0¢ 6781-08LT BISSTL]
3 €ZT0 ®OTD  SEI'0 TOOO TYOO 26°0¢ 0g'€e 688 IR0F 05 618T—0LLT BIssnIg
= FIZ0 80T0  SFT0 0800  TFOO 6'1€ 91I'HE 816 06'0F 0s 6081-09LT BISST]
= 06T0  L¥1I0 TOTO 0600 09070 F09LF T8O SOTTI LS16§ 0s G6ELI-OGLT  BISSNL] [RTIUAD)
= C6T0 6FI0 FOTO 8600 £90°0 £965F SHPSE T6LEL 6¥65S 0s GRLI-OFLT  BISSTLL] [RIIURD)
g 90£0  FST0 TITO  POTO 9900 £S6¥F 0€8FE OFLET TPSES 0s 6LLT—OEL]  PISSIIJ [PIUSD
66T0  FTI0 TLIO0 TOTO ZT900 8TLIP 8661€ Q0TS CSLTS 0s 6YLT-0ZL1  PISSNUJ [BHUSD
$ZT0 9110 0910 6800 0900 ERERT LETHT LTLTT TS98F 0s$ GSLI-0141  BISSIIJ [BIUS)
070 8600 GET0 6900 6F00 £667€ T60+T Z88TT TTIS 0s 6FLI-Q0LT  PISSMIJ [EHERD
ssoud urely MO WMAN WD 98D SHAD SAAN SAND LD
SATT3s ﬁmﬁﬁm.—._m_u wO EOENT.:; .ﬁu aﬂomufuoo SOLI2S MBI .«D _.:NDE i UOED& mumrw
mufmm ﬁ@ﬁﬂ@bmﬁ oau _«O QOEE.S.» ;O ,ﬁﬁumuﬁmucu UE& wm_pmw MBI mr_u wo sueaut ”m:.mmB.H& T IATIVYL vﬂﬁ—zmn,—m/.w
W=
(o]

Climatic Change January 1994



37

rowth in Furope

Fi

Secular Changes in Checks to Population

DYUSIYE,] $3215ap Ul s aurziaduray,
‘3181 YIBSP JUBJUT-UOU 1[I S1 YN SION

65 LT 01 BIBD BISSIUJ [RINIA)) Sapnjiuf sk
GO61-09LT s

60610981 01 608 1~09L1 WO PISN AT S [ENA 66LT-0SL [ OF 6L I~(0LT WOIJ PISH AL SIU28D [BUA ,

6T00 as0’0 9200 CEOD 66070 FL LY I18°6¢ RrAaY 8F'cE 0r'ee 01c 6061-00LT Bissnig
9z00 £E00 Zeon €00 S30°0 +EBY 99°0F 00°e [LGE BLPE 0s 60610981 BISSI]
2200 2500 £T00 T£0'0 6300 OF 8t 18°0F 01'ey geee £P'FE s 66810581 BIssnAq
6200 SE0°0 SO0 ZE0°0 £600 CT8F 2r'0F 0679 £eee LE6'EE (419 638 [-0FS1 BISSTLL]
TE0°0 LE00 6200 6c00 La00 P18k 8¢ 0F ¥8TY ceey 8L°CE Qs 6L8I-0ERT BISSTLE]
Zeon £90°0 0E0'0 8TO0 §0T1°0 POSYE S OF TLE9 6L°CE [zee 0s 6981-0TR1 BISSTLL
FAXIX). £90°0 1E0°0 e 9010 69'Ly 66'6t 8¥° 79 19°¢¢ Q0°CE 0s 68810181 BIssnlg
CEO0 69070 ] rEQQ SOT0 £C°LY LL6E €679 |86°6S YA 0§ 6FRI-0081 EISSTLL
FEGO TLO0 000 800 0110 ELLY Fo6e 86°C9 FLSS LETE 0¢ 6E8T-06L1 BISSTLLJ
PeQo LLOD 8Z0°0 114900 9010 9L'Lt g6 679 TH'SS 16°C¢ 0¢ 6C8T-08LE BISSI]
+e0'0 TLO0 6c00 0F0o EQL0 al’Lt 9Tat FEES I8'¢¢ £LTE 0¢ SIRT-0LLT BISSTLL]
TEQ'Q 0L0'0 9z00 £E00 8600 108+ 0’6t 8CEY £0°6¢ 1yee 0g 608T-09LT BISSTL ]
10 €900 L0 ¥E00 80T°0 9T’ 8t 6£'6¢ LE'E9 95 SL'EE (1] 66LI-06LT BISSNLg
ZEQ'0 8600 9700 ££0°0 LOTO 6Ly L9606t A A" $RES PEEE 0§ 63L1-0FLT BISSTL
62070 £S0°0 £20°0 ZEO00 €010 SLly 9L76¢€ 06°T9 0g'es Z0'FE 0s 6LL1-0ELL BISSNI]
9200 8¥0°0 FE00 000 $60°0 CEiy 19°6E 1£°19 6158 60°FE 0% 69LT-02LI BISSAL]
6T0 6+0°0 9c0'0 ZEMQ 00170 Sty 69°6€ 7809 96°FS J6°EE 0% 6SLT-0ILI BIssnIg
8C0°0 9cro #2000 £E0N 66070 09'9% 0t'ag £6°6S 0ErS 88°CE 0¢ OrLT-00L1 eIssnlg
[BNUUY  UNINY  JOUMING Junds 1o BRIy Umnny  Iawwng Judg  1onupm
muﬁvm
amieradwa) papuanap Jo UOTELTEA JO U0 821125 AImeIadm) mel Jo ueapy i pouag aoe|q

Climatic Change January 1994



FOT'O 1800 TLO0 LLOYO 1£°2¢8 6FIPT FEFO L83 0£l 6831-09L1 Topams

FLOTO 9LO0 9500 REOD L6'TE PEY8 T8 PTTL 0s 6881-0F81 uapamg

6,070 8070 P00 900 9L’Le P8'ra TEL8 LT8L 0s 6L81-0E81 uapamy

LLOO 98070 800 0900 6TTY 98001 £LT6 ey 0s 69810281 URpams

It £60°0 TLOO L0 9 ity o eTT L8'96 66'88 0s 65810181 uapamg

6lrd 1600 £LOO BLOO €ges 65'9¢1 0786 ¥o'ls 0s 6+31-0081 Uapamg

LETD coio §80°0 600 cF09 Coest [0 10T 68°¢6 0s 6E8T-06L]T Uapamg

SETO RROD 7800 1600 129 T8 POL £€°60 S6'to 0s 6T8T-08L1 uapamg

6E1°0 0600 060°0 001’0 1£'99 Le'LLT C6°Le 6TF6 o< 618T-0LLT uspamg

£I1°0 TLOO 8L0°C 980°0 £E8% DOL6T 1€°00T1 TL96 0% 60810941 uapamy

WoOwEy Wy T8I 0 1830 Jrwey  ul ey SNy w8

SOLI3S PIPUALIAP JO UONEBIIEA JO TUIIILJI0)) SOLIDS MBL JO TR u potag ERIR]
W.

2 910 £zro EST°0 L9070 90’0 £FET 80rgl =L5'L 181t 0Lt 606T-0FL1 uapamg
3

2 Grio (Sl 1L0°0 0stro 0e0’0 0¥ LT SO+l 9 66°8C 0% 606T-0981 uapamg

24 6sTO BLO0 L8OO ES0°0 TE00 SL81 68'F1 999 8T°0€ 0c 6681-0587 uIPIng

m EETD 6L0'0 680°0 ESO0 FE0°0 0961 PEST 69 POLE 0% 6881081 u=pamg

= L¥T0 1600 zoT'o 900 or0o T80T PTO1 01L [AS §3 1] 6L8T-0ERT u2psag

R 9cT0 9600 110 190D £F00 9R'IC €801 E¥'L LETE 0g 6981-0T8L uapams

LFT0 L600 €010 SLOD FEOD 8T'Ee 08°LT 8YL [AUNAS 0¢ 6581-0181 mopang

8¥10 911’0 6E1°0 L0 1500 13 4 8L°81 S6’L Te 0s 6r81-0081 Uopamg

PrLO LIT0 £F1ro 6800 €500 cEST €6l (] ILTE 0s 6L8I-06LT Tapamg

LETQ 8T1°0 9FT0 @800 2500 £19T FO'61 LE'8 88'CE 0s HTRL—08LT uapasmg

LrT'0 Lo 91’0 1600 £90°0 LTLT . B80T REH oFTE 0s GI8I-0LLT uapasmg

F8T'0 cLro L1T0 SLU0 6500} OF'LE 80T ££8 TLTe 0s 608T-09LT uapamg

£6T'0 651°0 66170 €070 0ELT pair BLEE 05 66LT-0SLT uapamg

LeT'( LLT'0 SETO LS00 0¥ 8T 9F'1T LLEE 0s 68LT-0FLT uapamg

saalid wern qan HAN WD a4q0 4an HAN HWD qdo
SALI3S PIPUSIRAP JO UONRLIEA JO JUAIE30]) SI1I3S MEI JO UBIA u pouag aoeld
= $31135 PAPUANAP Y] JO UOTRLIEA JO SIUAIDTIO0 PUE SALIAS MBI Y1 JO SURAUT URPAAE Al 1G9V XIANHddY

Climatic Change January 1994



39
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APPENDIX TABLE V: Estimation of distributed lag length using the Akaike AIC criterion

Equation England* France* England

Period Me- Mean  Period Me- Mean  Period Me- Mean

dian dian dian

Price lag lenth
CBR =f(price)  1560-171% 2 32 1580-1719 65 6. 1680-190% 1 19
CMR = f(price} 1560-1719 1 18 1680-1909 2 30
NDR = f(price} 1360~1719 4 40 1580-1719 9 71 1680-1909 3 36
CDR = f(pricey 1560-1719 7 48 1580-1719 9 7l 1680-1%09 2 3l
Non-infant mortality lag length
CBR=f(NDR) 1360-1719 2 35 1580-1719 35 41 1680-1909 ¢ 1.1
CMR={(NDR) 1560-i71% 2 28 1680-1909 2 22
Seasonal temperature lag length
CBR = f{Winter temp.) 16801909 1 06
CBR = {(Spring temp.} 1680-190% 2 21
CBR = f(Summer temp.) 1680-1909 6 42
CBR = f{Autumn temp.) 1680-1909 2 32
NDR = f{Winter lemp.) - 1680-1909 2 18
NDR = f{Spring temp.) 1680-1909 5 40
NDR = f{Summer temp.) 1680-190% 0 1.2
NDR = f{Autumn temp.) 1680-190% 1 18
CDR = f(Winter temp.} 1680-1909 2 24
CDR = f(Spring temp.) 1680-1909 5 38
CDR = f(Summer temp.) 1680-1909 0 1.1
CDR = f(Autumn temp.) 1680-1909 1 1.8

* Includes plague years.

Notes: Determination of the distributed lag length is based on the Akaike AIC criterion (Judge er al., 1988,

p. 728). Lag lengths up to ten are tested. Ten years of data prior to the period shown above are
necessary for this test.

The lag iengths are based on regressions run every ten years using 50 year intervals in the period shown.
{) indicates lag 0; 1 indicates lags ( and 1; 2 indicates lags 0.1 and 2; and so on.

The trend has been removed from each series by dividing each data point, call it x. in a series by an eleven

year average of data point centered sround .

NDR.is the non-infant death rate.

In France from 1570 to 1739 vital events are used in place of vital rates.
In Prussia from 1700 to 1749 vital events are used in place of vital rates.
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France Prussia Sweden
Period Me- Mean Period Me- Mean  Period Me- Mean
dian dian dian

1680-190% 2 28 17101909 3 34 1750-190¢ 3 26
1760-1909 2 3.5 1710-1909 1 27 1770-190% | 2.2
1680-1909 3 42 1710-1969 7 57 1750~1909 | 1.3
1680-1909 3 38 P710-1909 65 54 1750-1909 1 1.4
1680-1909 2 37 1710-15%09 2 32 1730-1909 2 41
1760-1909 4 41 1710-1909 3 49 1770-190% 25 36
1680-1909 0 1.6 1710-190% 0 14 1750-1909 1 2.6
1680-1909 0 1.8 1710-1909 2 26 1750-1609 2 32
1680-1909 (0 0.8 1710-1909 35 4.0 1750-1909 0 32
1680-1909 1.9 1710-1909 2 2.1 1750-190¢ 2 24
1680-1609 1 290 1710-1909 0 25 1750-1909 1.5 2.2
1680-1969 | 23 1710-190¢ 0 08 1750-1909 0 1.7
16801909 0 08 1710-190% 2 23 1750-1909 0 1.3
1680-190% 1.0} 1710-1909 1.5 16 1750-1909 035 2.0
1680-1909 2 18 1710-1909 0 1.9 1730-1909 | 1.3
1680-1909 | 22 1710-1909 0 0.9 1730-1909 0 1.7
1686G-1909 0 1.4 1710-1409 2 19 1750-1906 0 1.3
1680-190% 0 09 1710-1909 1 1.9 1750-190% 05 25
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Storage
Capacity

Economy

| Weather affects the |

! harvest in some i
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Fig. 2. Changes in the short-term preventive check over time in Florence, Augsburg, France, and
England. The responsc of fertility to an increase in prices is shown. ‘The vertical axis is elasticity. The
columns are the responses during a fifty year interval. The horizontal axis shows the beginning year of
the fifty year interval. Significance is indicated as follows: a 1%, b 5%, ¢ 10%, d 20%. Sourcc: Equa-
tion A.
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Fig. 3a.

Climatic Change Junary 1994

Changes in the short-term preventive check over time in England, France, Prussia and
Sweden. Row A is the response of fertility to an increasc in prices. Row B is the response of fertility to
an increase in prices independent of non-infant mortality effects. Row C is the response of fertility to
an increase in prices independent of non-infant morilality and temperature effects. The vertical axis is
elasticity. The number to the right of the line is the lag. The thick black line is the lag sum. Significance
ol the slope is indicated as follows: a 1%, b 5%, ¢ 10%, d 20%. Sources: Equations AA, BB, and DD.
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Fig. 3b. Changes in the short-term preventive check over time in England, France, Prussia and
Sweden. Row A is the lag sum responsc of fertility to an increase in prices. Row B is the lag sum
response of fertility 1o an increase in prices independent of non-infant mortality cffects. Row C is the
lag sum response of fertility to an increase in prices independent of non-infant mortality and tempera-
ture cffects, The vertical axis is elasticity. The columns are the responses during a [ifly year interval.
The horizontal axis shows the beginning vear of the fifty year interval. Significance is indicated as fol-
lows: 4 1%, b 5%, ¢ 30%, d 20%. Sources: Equations A, B, and D.
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Fig. 4a.

Changes in nuptiality responsc to prices and non-infant mortality over time in England,

France, Prussia and Sweden. Row A is the responsc of nuptiality to an increase in prices independent
of non-infant mortalily elfects. Row B is the response of nuptiality to an increase in non-infant mortali-
ty independent of price effects. Row C is the response of Sweden fomalc first and remarriage rates to
an increase in prices independent of non-infant mortality effects and (o non-infant mortality indcpen-
dent of price cffeets, The vertical axis is elasticity. The number to the right of the line is the lag. The
thick black line is the lag sum. Significance of the slope is indicated as follows: a 1%, b 5%, ¢ 10%, d

20%. Source: Equation EE.
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Fig. 4b. Changes in nuptiality response to prices and non-infant mortality over time in England,
Francc, Prussia and Sweden, Row A is the lag sum response of nuptiality to an increase in prices inde-
pendent of non-infant mortality cffects. Row B is the lag sum response of nuptiality to an increase in
non-infant mortality independent of price effects. Row C is the lag sum response of Sweden female
first and remarriage rates to an increase in prices independent of non-infant mortality effects and to
non-infant mortality independent of price effects. The vertical axis is elasticity. The columns are the
regponses during a fifty year interval, The horizontal axis shows the beginning year of the fifty year
interval. Significance s indicated as follows: a 1%, b 5%, ¢ 10%, d 20%. Sourcc: Equation E.
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Fig. 5a. Changes in short-term positive check over time in England, France, Prussia and Sweden.

Row A is the response of mortality to an increase in prices. Row B is the response of mortality to an
increase in prices independent of temperature effects. Row € is the response ol non-infant moertality to
an increase in prices independent of temperature effects. The vertical axis is elasticity. The number to
the right of the line is the lag. The thick black line is the lag sum. Significance of the slope is indicated

as follows: a 1%, b 5%, ¢ 10%, d 20%, Sources: Equations FE, GG, and 1.
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Fig. 5b.  Changes in the short-term positive check over time in England, France, Prussia and Sweden.

Row A is the lag sum response of mortality ro an increase in prices. Row B is the lag sum response of
mortality to an increase in prices independent of temperature effects. Row C is the lag sum response of
non-infant mortality to an increase in prices independent of temperature cffcets, The vertical axis
shows the beginning year of the fifty year interval. Significance is indicated as follows: a 1%, b 5%, ¢

10%, d 20%. Sources: Equations F, G, and L.
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Fig.

ba.

Changes in the short-term preventive and positive checks over time in England, France,

Prussia and Sweden. The thin black linc is the responsc of fertility to an increase in prices independent
of non-infant mortality and tcmperature effects. The thick black line is the response of mortality to an
inc¢rease in prices independent of temperature effects. The vertical axis is elasticity. Significance of the
slope is indicated as lollows: a 1%, b 5%, ¢ 10%, d 20%. Sources: Equations DD and GG.
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Fig, 6b. Changes in the short-term positive check over time in England, France, Prussia and Sweden,
The response of mortality to an increasc in prices independent of temperature cffects is shown. The
vertical axis 1s elasticily. The columns are the responses during a fifty vear interval. The honizontal axis
shows the beginning year of the [ilty year interval. Significance is indicated as follows: a 1%, b 5%, ¢
10%, d 20%. Source: Equation G.
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Fig. 7a. Changes in the short-term temperature-fertility checks over time in England, France, Prussia
and Sweden. The response of fertility to an increase in winter, spring, summer, and autumn tempera-
ture independent of price and non-infant mortality effects is shown. The vertical axis represents the
magnitude of the response in terms of a on¢ degree Fahrenheit inercasc in temperature. The number to
the right of the ling is the lag. The thick black line is the lag sum. Significance of the slope is indicated
as follows: a 1%, b 5%, ¢ 10%, d 20%. Source: Cquation DD,
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Fig. 7b.  Changes in the short-term temperature-fertility checks over time in England, France, Prussia

and Sweden, The lag sum response of fertility to an increase in winter, spring, summer, and autumn
temperature independent of price and non-infant mortality effects is shown, The vertical axis repre-
sents the magnitude of the response in terms of a onc degree Fahrenheit increase in temperature. The
columns are the response during a fifly year interval. The horizontal axis shows the beginning year of
the fifty year interval. Significance is indicaled as lollows: a 1%, b 5%, ¢ 10%, d 2{(%. Source: Equa-

tion D.
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Fig. 8a.

Changes in the short-term temperature-mortality checks over time in England, France,

Prussia and Sweden. The response of mortality to an increase in winter, spring, summer, and autumn
temperature independent of price effects is shown. The vertical axis represents the magnitude of the
response in terms of a one degree Fahrenheit increase in temperature. The number to the right of the
line is the lag. The thick black line is the lag sum. Significance of the slope is indicated as follows: a 1%,
b 5%, ¢ 10%, d 20%. Source: Equation GG.
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Fig. 8b.  Changes in the short-term temperature-mortality checks over time in Tngland, France,
Prussia and Sweden. The lag sum response of mortality to an increase in winter, spring, summer, and
autumn temperature independent of price cffects is shown. The vertical axis represents the magnitude
of the response in terms of a one degree Fahrenheit incrcase in temperature. 'The columns are the
responses during a fifty year interval. The horizontal axis shows the beginning year of the fifty year
interval. Significance is indicated as tollows: a 1%, b 5%, ¢ 10%, d 20%. Source: Equation G.
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Fig. 9a.  Changes in the short-term temperature checks over time in England, France, Prussia and
Sweden. The thin black line is the lag sum response of fertility to an increase in temperature indepen-
dent of price and non-infant mortality effects. The thick black line is the lag sum response of mortality
to an increase in temperature independent of price etfects. The vertical axis represents the magnitude
of the responsc in terms of a one degree Fahrenheit increase in temperature. Significance of the slope
is indicated as follows: a 1%, b 5%, ¢ 10%, d 20%. Sources: Equations DD and GG.
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Fig. 9b.  Changes in the short-term temperature-mortality checks over time in England, Prance,
Prussia and Sweden. The lag sum response of mortality to an increase in winter, spring, summer, and

autumnn lemperature independent of price cffcets is shown. The vertical axis represents the magnitude
of the response in terms of a one degree Fahrenheit increase in temperature. The columns are the
responses during a fifty year interval. The horizontal axis shows the beginning vear of the fifty year
intcrval, Significance is indicated as follows: a 1%, b 5%, ¢ 10%, d 20%. Source: Equation G.
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