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Infant mortaity in some regions of Europe may have been declining over avery long
period. Levels of infant deaths of 200 to 300 per 1000 births have been recorded in France,
Sweden and England in the eighteenth century and by the 1840s they were nearer to 150.
This trend was then hated and reversed in those areas experiencing the worst blights of
rapid urbanisation so that the undisputed long term decline is commonly put & the beginning
of the twentieth century - some forty years or S0 after the downturn in overal mortality.
Similar turning points have been observed in the southern German sates, Audtriaand Russa
(Valin 1981, Szreter and Mooney 1998).

It seems however from British evidence that if diarrhoed degths are excluded the
hating and reversal are condderably diluted. Therisein infant diarrhoea a the very end of
the century has been linked to severa hot and dry summers (Huck 1994, 1997, Woods at
al 1989/9) and by at least one writer to the surge in horse transport, and hence street
manure and flies (Morgan 1999). The implications for explanations of non-diarrhoed
sources of deeth are consderable. In rura areasin this period diarrhoea accounted for less
than 5 infant deaths per 1000 births (Williams and Galley 1995) and Lee (1991) and
Williams and Mooney (1994) have demongtrated that they experienced little interruption in
the long term decline in infant mortaity. Explanations of the decline are difficult to find. The
other implication isthat in urban areas the pattern of infant mortaity cannot smply be
characterised as a cleaning up of the environment. Again, explanations are lacking.

Of course the issue is a complex one because of the multiplicity of economic and
socid factorsinvolved and of the links between child mortdlity, target family sze and fertility
changes. Frameworks for thinking about these relationships are not lacking (cf. Woods and
Woodward 1984, ch.l). Empirical assessments of some of the demographic dimensions are
aso avallable since theissueis centrd to the debate on the demographic trangtion (cf.
Garret and Reid 1995, Reher 1999). A recent study of two Scottish towns (Kemmer 1997)

affirmed the need for frameworks which embraced economic and socia factors and which
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could be empirically tested over awide data set. This paper describes afirst attempt to set
out a condstent integrated framework and to test it using information on a sample of 36
townsin England and Wales in the Victorian period. The approach involves focusing on the
infant’s immediate environment and its inheritance from the mother : the foetus, the immune
system, feeding practices and child care. Thisis not an exercise in demography. The
Regigrar Generd’ s data which are used for the mortdity and fertility estimates are well
known. The main contribution arises from the conceptudisation and quantification of the
links between economic/socia forces and the demographic trends. In addition the paper
addresses the problem of ‘smultanety’, thet is, thet the levels of infant mortdity, fertility and
femde hedth are interlinked and determined smultaneoudy.

The pattern of mortdity to be explained is shown in Table 1 and illugtrated in Figure
1 which includes data for the 1860s not used in the later statistical work. They relateto a
sample of 36 townsin England and Wales, the groupings of which are defined in the
footnote to Table 1. The ‘town’ bass of the data arises from the need to set the
demographic trends againgt economic data which are not usualy available for individuas
(but see Reid 1999 ). Important geographical, economic and socia variations are captured
by the sample embracing rurd townships like Marlborough and Thetford, as wdl astowns
like Leeds and Nottingham with classic nineteenth century housing and factory blight,
seaside towns like Blackpool full of single femadesin domestic and hotel service, mining and
heavy industry towns with strong patriarchd cultures and large middle class pocketsin

suburban Kingston-on Thames and Tottenham.

TABLE 1
INFANT MORTALITY BY DECADE
(Sample of 36 townsin England and Waes 1875-1905)
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Text. Ports Min- Mix- Sea Mid- Farm Rest Totd

-iles ingg -ed -sde dde
glass indus towns class
YEAR etc. -trid towns

Infant Deaths from Diarrhoea per 1000 births
1875 322 193 183 276 219 183 104 214 203
1885 264 141 150 26.0 145 150 6.7 16.0 15.8
1895 308 20.7 194 326 201 132 82 188 19.6
1905 224 187 181 280 129 137 48 146 159

Infant Deaths from Causes other than Diarrhoea, per 1000 births
1875 160 146 141 160 117 117 111 132 135
1885 153 138 146 152 119 114 102 125 130
1895 156 154 158 158 123 121 102 133 126
1905 130 127 133 133 99 86 87 109 112

Totd Infant deaths per 1000 births
1875 192 165 159 188 139 135 121 153 155
1885 179 162 161 178 133 129 109 141 146
1895 187 175 177 191 143 134 110 152 156
1905 152 146 151 161 112 100 92 124 128

Key to Towns : Textiles (Bradford, Leeds, Preston) ; Ports ( Bristol. Liverpool, Plymouith,
Sunderland, Swansea, Southampton) ; Mining , glass and potteries ( Wrexham, St.Heens,
Stoke) ; Inland mixed industrid towns ( Doncagter, Leicester , Manchester, Nottingham) ;
Suburbiafmiddle class towns (Kingston -on- Thames, Oxford, Tottenham) ; Seaside towns (
Blackpool, Hagtings, Ramsgate) ; Farming townships ( Gt. Torrington, Lincoln, Louth,
Marlborough, Shaftesbury, Thetford) ; Rest ( Carlide, Carmarthern, Luton, Northampton,
Norwich, Richmond (Y orks.), Wolverhampton, Y ork).

Notes and Sources

The main sources are the annual and decennid reports of the Registrar General 1860-1920.
Decadd data on births and deaths for each town were assembled, a decade average was
estimated and the rates of deaths per 1000 etc. in each town were caculated and then
centred on the middle of the decade (e.g.1875). The specific data were :

Births : Decade totals of births were cumulated from the RG annud reports and then divided
by 10.

Infant desths: The cumulative totas in the RG decennid reports were divided by 10. The
cause of death data on which the diarrhoea figures are based are:

1861-70 Diarrhoea/ dysentery, cholera ;1871-80 Enteric fever, diarrhoea/ dysentery,
cholera; 1881-90 Enteric fever, diarrhoea/ dysentery, cholera ;1891-1900 Enteric fever,
diarrhoea/ dysentery, cholera; 1900-10; Enteric fever, diarrhoea/ dysentery.

FIGURE 1






TABLE 2
FOOD, HOUSING AND , POPULATION 1874-1906

Text.

-iles
House Occupancy
1874/71 491
1903/6 4.44
Food Bundles
1874/7 321
1903/6 485
Population Dendity
1874/7 23.2
1903/6 25.0
Notes and Sources

(Sample of 36 townsin England and Waes)

Ports

6.86

4.83

28.6
46.2

44.3
41.2

The years 1874/7 and 1903/6 were chosen to avoid certain years
when some of the other data, used later on, are patchy. The entries for house occupancy
and population dengity are derived from data on population, acreage and the number of
houses, interpolated from the decennia Censuses of the Population of England and Wales
and relate to borough boundaries. Some of the boundaries change in the period and affect
the dengty figures. The entry for food bundles congtitutes the number of baskets of a given
bundle of food which could be bought from loca builders wages at loca food prices. Each
bundle comprises 4lbs of bread, 71bs of potatoes and 3 eggs. Its cost was derived from the
Board of Trade Report (1908) on the cost of living in different towns in 1905, extrapolated
backwards with the Rousseau price index in Mitchell, 1988 pp.723-4. Data from the same
report on builders weekly wages were extrapolated back by data in Mitchel (1988,

(Annud averages)

Min-
ing,
glass
etc.

5.46
5.28

315
47.6

13.6
15.0

Mix-
-ed
indus-
-trid

4.85
4.56

30.6
46.3

45.0
29.0

Sea
-Side
towns

5.89
4.54

28.8
43.6

10.5
20.5

Mid-
dde
class
towns

5.52
5.09

30.0
45.4

12.6
26.2

Farm

5.52

4.41

27.1
40.9

7.5
8.1

pp.151-2,728) on the national movement in average money Wages.

Rest

5.09

4.71

28.5
43.1

15.3
20.9

Tota

5.55

4.70

29.2
44.1

22.0
23.3






The data are expressed as decadd averages to highlight the longer term trends
which are the focus of the paper. Neverthdess the rise of infant mortaity in the 1890sis
clear and Table 1 implies that though the effect is very pronounced for diarrhoed deaths (the
middle class towns excepted) there isaso arisein infant deaths from non-diarrhoedl
sources (farming townships excepted) suggesting that whether the carriers were flies or
water, the Registrar-Generd’ s diarrhoea category did not capture al the effects.

So far aslevels of mortdity are concerned there are two sgnificant features. Oneis
the large difference between the inland industria towns and the suburban and farming towns.
For diarrhoea desths the remaining groups - ports, mining and seaside towns - liefairly
close together, roughly haf way between the two extremes. The environmentd basis of
these placings relate to population density and ease of access to waste digposal which count
as good proxies for exposure to disease affecting al age groups. The other striking festureis
that comparisons of the 1860s with the early 1900s suggest along term declinein infant
mortality in al areas. The decline in the textile groupsis subgtantid, absolutely and
proportionately, whilst for the mining towns the change is modest and absent for diarrhoed
degths. These features require an explanation. The farming townships have the lowest infant
mortaity but even they experience alarge decline. Hence cleaning up the urban environment
does not capture the whole of the improvement in infant hedth. In our earlier work we found
that expenditure on the sanitary infrastructure showed a significant burst only at the very end
of the century and cannot have been aforce in the decline of overdl mortdity from the
1870s (Bell and Millward 1998). Neither was there any rdief from population dengties
which, as Table 2 shows, continued to rise, with very large increases in the newest
Settlements - the seaside towns and suburbia. Improvements in the size and quality of the
housing stock seem to have been important for overdl mortality. The number of housesrose
faster than the population and, as Table 2 shows, average house occupancy fell in al areas.
In addition an attempt was made in our earlier work to capture some of the dimensions of
resstance to disease by caculating for each town afood availability variable, specificdly the
food consumption affordable in each town in each year from contemporary wages and food
prices. Incresse in food availability so defined proved to have a powerful influence on the
declinein overdl mortdity in the 1870-1914 period (Millward and Bell 1998). Thisisa



period when real incomes rose on average by about 50% and thisisreflected in the
increases in food availability recorded in Table 2.

Il

Whether solid food, population densities and housing were directly important for
infant mortdity is however doubtful snce the hedth of an infant was heavily dependant on
what it inherited from the mother, on the amount of breast feeding and of child care. The
mortdity of infants differs from that of other age groups in its overwhelming dependence on
the condition of the foetus, on what the mother passes on in the immune sysem and , as
Wray (1978) has convincingly demonstrated, on the quantity and quality of breast feeding.
The association of high infant mortality with poor environments, even when controlled for the
influence of ‘class, may not be reveding the whole story. Williams' excellent account of
infant mortality in 1860s Sheffield (1992) shows how environmental and socio-economic
differences had independent influences, even in the unhedlthy low lying areas bordering the
rivers Don and Shedf. An earlier analysis by Watterson (1986) of the same town using 1911
census returns concluded that socio-economic status was less important than environment in
accounting for the decline of infant mortality over the 15 years before Census. The role of
the environment in this setting may well exert its most powerful influence through the prior
history of the mother up to pregnancy and thereby to what she passes on to the child (cf.
Cronje 1982, Wray 1978). Anayses which focus on the observed association between
infant mortality and the contemjporaneous environment may be obscuring or a best acting as
aproxy for the red mechanismsinvolved.

An andytica framework is now developed which adlows the links between infant
mortality, socio-economic factors and the environment to be traced and quantified. Neo-
natal mortaity is consdered firgt , followed by an analyss of post neo-natd mortdity and its
links with feeding practices, fertility and femade employment. Clearly there are some
variableslike breast feeding and the condition of the foetus for which data are absent or
patchy and proxies will be developed astheir roles are identified. In the find section of the
paper the whole framework is tested againg the pattern of infant mortality across the sample
of towns for each of the years 1870-19105.
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The pattern of neo-nata mortality was clearly different from mortdity in the later
months of an infant’sfirg year. Neo-natal mortdity showed no signs of long term decline up
to the 1930s, averaging about 40 deaths per 1000 births in the 50 years up to World war |.
This gtability isaso found in maternd deaths at childbirth and though the desth rate was
much lower (40 per 10,000 births) the two were closdaly associated across the different
regions of Britain (Loudon 1988, Newsholme 1910).

Spatid variations did not seem to follow the urban/rurd pattern found for other r age
groups. Hereis Newsholme, the Medica Officer of Hedlth to the Loca Government Board
in 1913 ‘At birth... the urban infant is about as hedthy asthe rurd, and during the first
month of life, during which over one third of infant mortdity occurs, the urban excessis
usualy about 8% (1912/13, pp.3,4). More recent observers have also found smdll
differencesin neo-natal mortdity between urban and rural (Woods et a 1988/9, Huck
1994, Williams and Galley 1995). Spatid differences seem to be linked to the size of town
suggesting, as with maternd mortaity (cf. Loudon 1988) that obstetric help was deficient in
remote rura areas, mid Wales being an oft quoted example.. The data on neo-natal
mortality are patchy. The main diagnoses were low birth weight, premature births and
congenital defects. Newsholme, conscious of the uncertaintiesin the way desth was
recorded, argued that the causes of such deaths were smilar to those associated with deaths
from atrophy, debility and marasmus, 40% of which occurred in the first months of life. He
fdt it safer to lump dl of these together and the resultant figures showed a stability over time
gmilar to maternd mortdity. Moreover the rates were higher in Durham, Northumberland
and Wales and lower in the home countries, south west and south east. For our sample of
towns there are no readily available time series on neo-natal mortality. Annud averages for
the period 1907-10 for 28 of the towns have been extracted from Newsholme's report and
recorded in Table 3. There are some sgns that towns like Liverpool and Doncaster ranked
lower in neo-nad rates (firs column) than in the overdl infant mortdity rates (last column)
suggesting that obstetric help may have been sgnificant in these towns. Smilarly Luton and
Northampton had rather high neo-natal mortaity rates relative to their overdl rates. The
same characterigtics can be found in Table 4 which is derived from Newsholme's disease

breakdowns. Degths from childbirth, atrophy etc. again exhibit rather lower
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TABLE 3
INFANT MORTALITY BY MONTH IN TOWNS IN ENGLAND AND WALES

(Desths per 1000 births in administrative districts : annua average 1907-10)

Under Under 2-5 6-12 Under

1 month 1 week months months 1year
Stoke 45.3 26.8 68.5 48.1 162.9
Preston 43.9 27.5 61.7 46.4 152.0
Nottingham  46.7 28.3 60.9 39.8 147.4
Liverpool 40.4 23.2 55.9 45.2 141.5
Manchester  44.8 25.1 54.8 415 141.1
Swansea 43.0 25.1 574 40.2 140.6
S. Helens 48.3 30.3 44.8 43.4 136.5
Doncaster 31.0 19.7 58.0 47.2 136.2
Sundeland  47.5 29.5 47.9 39.7 135.1
Leeds 43.6 26.5 48.6 384 130.6
Bradford 48.3 30.7 44.6 34.9 127.8
Leicester 41.4 23.7 51.2 35.0 127.6
Wolverh'pton 45.0 24.6 47.8 34.2 127.0
Calide44.9 27.3 48.0 33.6 126.5
Plymouth 39.6 224 50.4 30.9 120.9
Blackpool 39.6 254 46.9 31.2 117.7
Norwich 39.6 24.9 46.7 30.4 116.7
Luton 45.8 30.6 44.4 22.9 1131
Northampton 42.3 24.9 42.0 24.8 109.1
York 38.9 26.1 39.1 21.7 105.7
Ramsgate 32.3 16.6 48.5 24.5 105.3
Bristol 394 24.3 39.2 26.2 104.8
Southampton  38.9 25.8 38.1 24.5 101.5
Lincoln 34.9 20.6 384 23.9 97.2
Tottenham 344 20.3 25.1 24.1 92.6
Oxford 35.1 22.9 32.6 189 86.6
Kingston 36.5 24.7 30.5 21.4 88.4
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Hastings 30.9 19.8 31.6 18.8 81.3

Source : Appendix 11, Table | Newsholme's 2nd report 1912-13.

TABLE4
CAUSES OF INFANT DEATHSIN TOWNS IN ENGLAND AND WALES

(Desths per 1000 births in adminigtrative digtricts : annual average 1907-10)

Dia- Child Atroo TB, Mea Conv- Other Total
rhoea birth phy  bronch.des ulsons
A B C D E F G

Stoke 236 246 307 350 84 207 189 162.9
Preston 217 324 244 336 96 114 189 152.0
Nottingham 228 358 137 328 84 80 259 147.4
Liverpool 211 244 218 291 92 130 229 141.5
Manchester 204 270 232 330 98 57 212 141.1
Swansea 165 190 240 287 88 268 1638 140.6
S. Helens 136 397 118 288 90 132 204 136.5
Doncaster 234 248 200 249 83 158 190 136.2
Sunderland 120 257 314 324 83 88 154 135.1
Leeds 188 282 157 295 64 92 228 130.6
Bradford 143 309 214 239 81 104 188 127.8
Leicester 200 242 223 235 72 132 172 127.6
Wolverh'pton 188 226 20.7 317 80 41 211 127.0
Calide124 272 177 313 89 53 237 126.5
Pymouth 193 212 183 257 72 88 204 120.9
Blackpool 150 266 152 254 60 80 205 117.7
Norwich 138 247 201 253 57 127 134 116.7
Luton 104 340 148 191 63 119 166 1131
Northampton 10.2 288 204 216 60 65 155 109.1
York 169 248 208 175 41 108 1038 105.7
Ramsgate 224 228 129 220 74 95 83 105.3
Brigtol 137 21.7 105 202 61 99 227 104.8
Southampton 145 308 131 208 50 48 125 101.5
Lincon13.0 202 191 166 56 88 139 97.2
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Tottenham 6.6 208 125 229 49 54 195 92.6

Oxford 76 243 173 194 51 23 106 86.6
Kingston 104 291 49 197 74 47 124 88.4
Hagtings 34 232 145 142 96 46 118 81.3
Key

A=Diarrhoedl diseases.

B=Premature births, congenita defects and injury at birth.
C=Atrophy, debility and marasmus.

D=Tuberculous diseases, bronchitis and pneumonia.
E=Mead es and whooping cough.

F=Convulsions.

G=0ther, including want of breast milk.

Source : Appendix 11, Table | Newsholme's 2nd report 1912-13.

levesin Liverpool and higher ratesin Luton and Northampton that the overal infant
mortdity rates would suggest.

However the main message from this datais that other factors besides obstetric hdp
are of equa or greater importance. One is the domestic environment - the size of the house,
its cleanliness, the qudity of water and the extent of sewer links. This aso affects post neo-
natal mortality and will be consdered later. Another factor and akey oneis the condition of
the foetus. Because most women breast fed for at least the first few weeks, it isunlikely that
the immune system inherited from the mother played much of A part in infant degths in these
weeks. Rather it isthe mothers nutritiona state which would determine immeaturity and
congenital defects. That factor might be proxied by some measure of mother’s hedth to be
conddered later. In the meantime there is the vexed question of the effects of femde paid
employment on the foetus, on which the literature still seems divided. Graham (1994) has
argued that in this period there were strong links between femae employment, prematurity
and generd perinatd (first week) mortdity, quoting examples from Dundee jute mills and
Northampton shoe factories. Weavers, charwomen and bar staff al seem to have been
associated with high neo-nata mortality rates but so also did typists and the Stretching
involved in housework could be as dangerous as stretching over aloom. As Collet argued a
long time ago, much depends on the nature of the work. The Medica Officer of Hedlth for
Kendngton was at pains, in his 1911 report, to argue that the arduous nature of laundry
work in the Notting Dale Specid Areadid not have an ‘adverse’ effect on the child in
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pregnancy and in trying to explain the high leve of infant mortality put more weight on post
neo-natal feeding practices (Tanner and Mooney 1997. p.13). It will nonetheless be useful
to test for the influence of female employment in this context and the scope for doing thisis
explored later in the paper.

As one moves away from desths in the first month, the classic excess of urban over
rural mortality emerges which, according to the Registrar Generdl in 1891, pesked at 273%
in the axth month (Williams and Gdley 1995). Breast milk iscrucid inmonths2to 6in
providing ashield againgt the domestic and community environment. Months 7 to 12 see
environmenta factors continuing to play arole but now one must expect the quaity and
quantity of solid food to be important. The importance of sanitary improvements has been
stressed from Chadwick, through Newsholme, onwards. For the Victorian period Buchanan
(1985) has emphasised the importance of sanitary developmentsin the mining villages of
SWaes and Lancashire, contrasting with the Durham mining settlements where the
scattered rura communities like Houghton and Hetton suffered less from their poor
sanitation than other areas (p.171). Both Kintner (1988) and Brown (1997) have shown
datigticaly that the presence of sewer links was an important ingredient of infant mortdity
differences across towns in Germany & the turn of the century. Buchanan has actudly laid
the blame for the persstence of infantile diarrhoeainto the 1900s to the failure to replace
conservancy systems with proper sewerage (p.162), though he does not produce any
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generd evidence. What till needs to be explained is the contribution of sanitation and
indeed other environmentd improvements like housing to the dedine in infant mortdity

The same could be said about conditions in the domestic environment. In part this
relates to the presence or absence of WCs and sewer linksin good quality houses. These
conditions as well as the conditions in the community environment will be quantified by data
for the sample towns on population dengity and the Sze of the housing stock aswell as
municipa expenditure on water and sewer systems, street cleaning, scavenging and
maintenance. But a crucid factor in that environment was family sze. Fird it affected the
time available for the mother to spend on the care of each child (Woods et d 1988/9, Reves
1985). Secondly clams on household food were higher the larger was family size. This may
be especidly important in months 6-12 as the child is weaned on to solid foods and may
explain the pattern for these months, sometimes observed in 3rd World countries, of breast
feeding being clearly inadequate

FIGURE 2
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as the sole source of nutrition (Fildes, 1991, p.218). The third effect of family sizelinksto
the role of the domestic environment. Exposure to disease is affected by the proximity of
contaminated objects, insects and humans. Reves has argued that observed links between
the 9ze of the housing stock, population and infant mortdity may be obscuring the more
important issue : the number of susceptibles. Whatever the size of the house, large families
mean alarge number of nearby susceptibles and hence raises exposure to disease. Reves
basic thessisthat the decline of fertility from the 1870s in England and Wales was thereby a
key ingredient in the decline of mortality. He did not control for other factors but we can
explore this mechanism by the data we have on population, housing numbers and fertility
levelsin towns with different water and sewer capacities and food availabilities. For the
moment it isworth noting thet the potentid role of fertility in the pattern of infant mortaity in
the sample townsis shown by the decadd averagesin Figure 2, the source data for which
are described later (Table 5). It is clear that, notwithstanding one or two wobbles, thereisa
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downward trend in &l sectors. The textile towns of Preston, Leeds and Bradford still have
reaivey high levelsin the 1860s but their fdl is proportionately greeter than every other
sector except perhaps the seaside towns which were affected by the influx of single women
seeking employment in hotels and services. Here are found the lowest levels of fertility with
suburbia next and the culturd influence of the latter’ s middle class may be compared with
the mae dominated culture of the mining towns a the other extreme.

To summarise the argument so far, post neo-natd infant mortaity is expected to be
linked in part to the condition of the domestic and community environment especidly in the
context of the food and water borne diseases. Fertility levels and/or family sze affect the
number of susceptibles, the volume of solid food available per family member and the time
which mothers could spend on child care. The other main factor to which we now turn isthe
quantity and quality of milk which in months 2 to 6 crucialy supplement the resstance to
disease which isinitidly provided by the immune sysem. Whilst the virtues and chegpness of
breast feeding have been well documented (Dyehouse 1978, Wray 1978, Buchanan 1985)
the evidence of itsincidenceis patchy. Fildes surveys (1991, 1992) provide a picture for
certain townsin the early 1900s and there seems to be agreement with Newsholme' s earlier
observation that in the period up to the First World War, 80% of infants were breast fed for
severd months, a high figure by European standards and often invoked as the cause of the
below average leve of infant mortality in Britain. There are dso clear indications for the
period 1890-1914 for towns like Rhondda, Poplar, Stoke, Finsbury and Kensington that
the proportion of breast fed infants who survived was higher than for infants not breest fed,
that the infant diarhhoed mortdity rate was some 5 times higher for infants not exclusvely
breast fed and that the death rate from non-diarrhoeal sources was about 4 times higher
(derived from Fildes 1992, Holdsworth 1997, Tanner and Mooney 1997). There are
however no time series data of any significant length to gauge whether bresst feeding fell
during the nineteenth century. The most that can be said isthat indudtridisation was bringing
artificid foods on to the market ; these were taken up by the middle classes, a practice
copied by others, but were especialy dangerousif not stored properly. Atking(1992) has
suggested that the sweetened milk which emerged in the 1880s and fresh milk transported
over long distances from unregulated rurd cowsheds were particularly unsafe. These
developments may be one of the factorsin for the hating and reversal of the decline in infant

18



mortality in the 1890s, especidly bearing in mind Huck’ s demongtration (1997) that it would
only have taken asmdl change in the incidence of breast feeding to trigger alarge changein
infant mortdity.

At this stage of the argument, it clear that there are three important variables for
which direct measures are absent : breast feeding, the immune system inherited by the child,
the condition of the foetus. There are good reasons for thinking however that a prime
determinant of al these was the hedlth of the pregnant femae. Differences across towns and
over timein mothers hedth may act as a proxy for the three missng pieces of dataand

thereby provide the key to congtructing a testable framework for infant mortality.

That the hedth of the pregnant femde is a key influence on the condition of the
foetus, theimmune system and of the qudity of breast feeding is widely acknowledged
(Wray 1978, Cronje 1984, Loudon 1988, Harrison 1988). If a measure of mothers' health
could be devised, it would be expected to play a sgnificant part, dong with measures of the
environment, family sze, family resources, femae employment and obgtetric help in
explaining infant mortdity patterns. Femae mortdity rates are not sufficiently specific to the
child bearing age to be a good measure whilst maternad mortaity ( from child birth, thet is)
seems likely to be reflecting mainly obstetric hep. The mortdity rate of femaes aged, say
15-44, would be better but it iswell known that differences over time and acrosstownsin
such rates would reflect the quality of the contemporary domestic and community
environment which is not whet is desired here. The measure should reflect the mothers
resistance to disease, her nutritional state, rather than her exposure to the contemporary
environment. The degth rate of females aged 15-44 from tuberculos's seems the best proxy
available since it is accepted as reflecting primarily the mothers' current resstance to disease
(which will reflect her whole past hedlth history) and less sengtive to the current
environment (Cronje 1982, Collis 1940). High TB rates may of course lower awoman's
fertility and hence have feedback effects on infant mortdity through changesin family sze but
such feedback effects are precisdy what it isintended to capture in the framework which
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follows. It isknown that TB rates were higher for women than men in the early decades of
the nineteenth century, especidly in rurd aress, largdy due, it is assumed, to the ruling family
food hierarchies. Thereafter the death rate fell faster for women than men but generdly did
not overtake men until the early 1900s (Collis 1940, Woods 1984). Figure 3 showsthe
main trends in mothers' health so defined. The raw data come from the Regigtrar-Generd’ s
reports which contain some gaps which are overcome by methods described in the
footnotesto Table 5.

The differences across sectors do not accord with environmental differences
(contrast infant mortaity Figure 1) or culturd differences (contrast Figure 2 on fertility). This
isto be expected Snce TB reflects resstance to disease and nutritiona status. What is
particularly relevant isthat dl sectors show adecline in both TB desths and non-TB deaths
of women in the 15-44 age group. Thefdl in the TB rate is grestest for the textile sector and
suburbiaand smallest for the ports and seaside towns. That pattern will be explained as part
of the full model andysed |ater.

FIGURE 3
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TABLES
MORTALITY AND FERTILITY OF FEMALES AGED 15-44
(Sample of 36 towns in England and Wales 1875-1905)

Text. Ports Min  Mix- Sea Mid- Fam Rest Totd
-iles ingg -ed -sde dde
glass indus towns class
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etc. -trid towns

Births per 1000 women aged 15-44 years

YEAR

1875 153 148 197 168 117 124 148 142 149
1885 127 138 170 143 100 120 137 135 135
1895 113 129 165 130 86 102 116 121 121
1905 91 119 146 117 71 93 100 103 106

Femae TB deaths per 1000 women aged 15-44 years

1875 39 358 334 334 302 250 348 344 338
1885 311 319 255 274 248 187 271 314 282
1895 232 270 210 198 196 127 195 233 215
1905 171 203 15 154 161 107 172 182 1.70

Female NON -TB deaths per 1000 women aged 15-44 years

1875 97.98 96.41 93.02 89.15 73.40 57.38 80.61 79.91 83.98
1885 81.27 85.21 83.89 75.79 64.89 46.11 68.81 67.69 72.15
1895 71.15 79.05 77.82 73.10 53.85 36.08 53.18 61.82 63.81
1905 5522 61.61 58.71 5558 45.53 31.35 41.47 50.70 50.52

Female total deaths per 1000 women aged 15-44 years

1875 101.9499.99 96.36 92.49 76.42 59.88 84.09 83.35 87.36
1885 84.38 88.41 86.44 7853 6740 47.99 7152 70.83 74.97
1895 73.47 81.75 79.92 75.07 55.81 37.35 55.14 64.15 65.96
1905 56.93 63.65 60.26 57.12 47.14 32.42 4319 52.52 52.22

Notes and Sources

The sources are the annua and decennial reports of the Registrar Generd 1860-1920. Data
on births for each town from the annud reports were cumulated and divided by 10 to yield
decade averages. From the decennia reports the data on average femal e population aged
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15-44 were assembled as were the figures on cumulative deaths of femaes 15-44 which
were then divided by 10. The rates of deaths and births per 1000 etc. in each town were
caculated and then centred on the middle of the decade (e.g.1885). For the 1870s no
femae /mae population split by age group is available so the maeffemae solit for the 1870s
isinterpolated from the 1860s and 1880s splits. For details of the calculation for TB degths
see below. The entries for the non-TB degath rates were obtained by subtracting the TB
rates from the overdl femae desth rate.

Deaths of females aged 15-44 from tuberculogs : The cumulative totasin the RG decennid
reports were divided by 10. Some interpolation was needed for some decades. An age
gpecific maleffemae breskdown of TB deathsis available in the RG decennia reports for
the 1850s, 1860s and 1900s but not for the intervening decades. For al decadesthe RG
reports do contain data on TB desths of femaes of dl agesaswdl asmaeand femde
combined figures of TB deaths of 15-44 year olds. An estimate for each town for each
decade was calculated as the average of two separate estimates as follows.

We first made the assumption that the shares of femae TB degths (in a given town)
accounted for by the 15-44 age group fell smoothly as between the known level§( for that
town) of the 1860s and 1900s. The shares of the intervening decades were then interpolated
and gpplied to the known figures (for each decade for that town) of femae TB desths of dl
ages . A second estimate was obtained by assuming that the share of femdesindl TB
degths (in agiven town) of 15-44 year olds declined smoothly from the known leve of the
1860s to the known leve of the 1900s. Shares for the intervening decades were then
interpolated and gpplied to the known figures (for each decade for that town) of dl TB
deaths in the 15-44 age group. The entries in the table are based on asmple arithmetic
average of these two estimates for each town for each decade.

The disease degths which have been taken from the RG' s decennia reportsto derive the
aboveare:

1870s: Scrofula, Tabes Mesenterica, Phthiss.

1880s : Tabes Mesenterica, Phthiss, Other TB & scrofula diseases.

1890s : Tabes Mesenterica, Phthiss, Other TB & scrofula diseases.

1900s : Phthids, Tuberculoss meningitis, Tuberculous Peritonitis, Tabes Mesenterica, Other
Tuberculous diseases.

TABLE 6
FEMALE ECONOMIC ACTIVITY BY SECTORIN 16 TOWNSIN 1891
(Percentage of total females)
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Child- Unocc- Dom- Dress Text- Other Totd Absolute

ren  -upied -edtic, etc. -iles pad total of
0-9- baths emplo- femdes
& stud- lodging -ment
-ents etc
15+

Preston 226 317 65 29 319 41 100.0 58286

Leicester 234 350 75 215 15 52 100.0 92183
Nottinghan 226 421 80 80 132 6.3 100.0 115147
Bradford 209 402 67 32 245 43 100.0 115916
Hanley (pat 25.7 439 105 31 O 17.2 100.0 27609
Stoke)

Northampton 24.2 450 9.3 16.0 O* 55 100.0 31392
Manchester 233 440 86 75 72 86 100.0 261489
Leeds 237 473 72 94 62 6.2 100.0 190478
Norwich 226 448 106 103 25 91 100.0 54347
Bristol 222 463 138 85 12 82 100.0 120290
Wolverhampton24.9 525 95 37 O* 121 100.0 41645
Pymouth 208 526 130 63 O* 84  100.0 44898
Southampton 23.0 546 124 46 O* 54 100.0 34399
Swansea 258 518 105 47 O 3.7 100.0 45411
Sunderland 263 579 85 31 O 4.5 100.0 66830
Liverpool 240 512 132 49 02 50 100.0 265554
St.Helens 294 549 78 27 O 55 100.0 34085
* Negligible and included in ‘other’.

Source : Census of Population of England and Wales 1891.
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The find measurable varigble with a potentidly direct influence on post neo-nata
mortdity is femade employment. It isan old sory, strongly challenged, that femde paid
employment affected the amount of breast feeding and hence infant mortality. The main
danger was the use of artificia foods - their qudity and the location in which they were used
(Graham 1994). Garrett and Reid (1994, 1995) have stressed that the association of female
paid employment with infant mortdity isredly alink to employed femdes without supporting
care. Theimplication is that family resources (which we can proxy by red income levels or
food availability) and family Sze must be quantified and included if female employment isto
be treated as a factor in infant mortality. Holdsworth’ swork (1997) on the Potteries
suggests that female employment did have a separate effect on infant mortdity independent
of breast feeding - probably through the condition of the foetus in neo-natd mortality - as
well asthrough child care.

It seem that whilst the propengty of femaes to seek paid employment may affect the
pattern of infant mortdity across towns ( as wdl as affecting mother’ s hedth and fertility, as
we shdl see), it isunlikdly to play much of adirect role in accounting for trends over time
since femae participation rates seem to have been fairly atic over the later Victorian
period. Humphries* work (1995) on the Censuses of Population suggest an overall
participation rate for femaes aged 20-64 of about 33% which hardly changed in the 40
years or so before the First World War. The rates for females aged 10 plus were very
gmilar and dso sable. Significant differences existed geographically. For England and
Wales as awhole about three quarters of al femaes were recorded in the late nineteenth
century censuses as children less than 10 years old or students 15 plus or unoccupied. The
ret, that is 25 %, were in paid employment. Towns like Northampton and Manchester
averaged about 40% in paid employment whilst there were heavy industry towns like S.
Helens a 20%. What is of relevance for the sample of townsin this study is that whilst
femdes can be found in paid employment in lodging houses, wash houses and domestic
savicein dl townsit is textiles and dress making which, unsurprisngly, create the big
differences as Table 6 shows for one census year 1891. Those townsin the bottom half of
the table with virtualy no female textile employment have generaly the lowest participation
rates, Hanley (potteries) and Northampton (shoes) being the main exceptions (cf Szreter
1996). Preston (cotton) and Leicester (dress making ) stick out as having by far the lowest
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proportion of al females not in paid employment (54-58%). There does seem to be a bresk
then with the clutch of other towns like Nottingham and Leeds with figures generdly in the
40-50% range. It will be possible to test how far these groupings contribute to differencesin
infant mortdlity rates.

VI

Fertility and mothers hedlth emerge as potentialy important determinants of infant
mortaity. Yet it isto be expected that mothers' hedth will affect and be affected by fertility
levelswhilt fertility may be affected by the surviva rates of children. It istimeto piece
together the various e ementsinto a consstent framework and first we need to make explicit
what are likely to be the main determinants of mothers hedlth. Food availability and
environmenta conditions (as reflected in housing and population dengties) have been shown
ealier (Millward and Bell 1998) to affect dl age groupsin this period. By implication they
would aso play arolein mothers hedlth but there are saverd ways in which the impact
might be expected to be different and ther are severa other factors unique to mothers.

Thusthe *urban pendty’ is partly associated with factory work and will therefore
show up more for men than women in aggregate mortaity figures : hence the impact of
community environments might be expected to be less. On the other hand the TB desgth rate
isour key messure of mothers health and thiswill reflect resstance to disease more than
exposure so that food availability would be expected to have a stronger impact than it would
on non-TB sources of death. Thirdly fertility levels have some specific effects. Seccombe
(1990) and Reves (1985) have both stressed the intra-uterine deficiencies from materna
depletion. In addition by affecting family sze, fertility levels influence the amount of food
available per family member. Findly femde employment conditions can affect the hedth of
pregnant females over and above the effects on the foetus mentioned earlier. Lead
poisoning, Swegt shops, polluted atmospheres : the list of nineteenth century factory
conditions which impaired mothers health iswell known ( Harrison 1995, Holdsworth
1997, Tanner and Mooney 1997).
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FIGURE 4
INFANT MORTALITY : A COMPUTABLE FRAMEWORK
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Ovedl infant mortdity is therefore a function of the following measurable variables :
household food and care resources, fertility, mothers hedth, obstetric aid (reflected in size
of town) and the environment (measured by water and sewer capacity, housing, population
densty).



The main features of the framework which emerge and for which quantifiable
variables can be identified are shown in Figure 4. For the moment fertility levels may be
thought of as exogenous. Infant mortdity is portrayed as being influenced by generd
environmenta conditions but more pointedly by the qudity of the immune system and foetus,
the quality and quantity of breast feeding, the amount of solid foods available, the time
avalablefor child care, the number of susceptibles in the house and the qudity of obstetric
help. Because severd of these cannot be measured directly the mode in Figure 4 shows
infant mortality as being determined by the following measurable varidbles : food availability,
fertility levels, mothers hedlth, femae employment, size of towns (as proxy for obstetric
help) as well asthe quantified environmentd variables like population dengty, the housing
stock and the sanitary infrastructure. In its turn mothers hedlth is portrayed as afunction of
the following variables : food availability, fertility levels and femae employment as well again
asthe environmental conditions. It isdrictly illegitimate to tregt fertility as exogenous sSnce it
islikely to be affected by, anongs other things, femae employment, child mortdity and
mothers hedth. Although the explanation of fertility is not the main purpose of the paper, the
‘amultaneity’ problem requiresthat it be incorporated into our framework as an endogenous

varigble and thisis attempted in the appendix.

VII

This set of propositions istested by running three regressons ; one with infant
mortality as the dependant variable, one for mothers headth and one for fertility. The focus
hereis on the first two with the fertility model |eft to the appendix. The basic datardate to
the 36 towns over each of the 36 years 1870-1905. Sources have aready been described.
There are of course many factors which are potentialy relevant but which we cannot
quantify : educationd influences ; the role of religion; the culture of mining aress. The use of
dummies for different sector groups (suburbia, mining etc) will help to identify the
ggnificance of some of these influences. In asmilar vein adummy for the 1890sis used to

see how far the experiences of that decade ( hot dry summers, surge of



TABLE7
INFANT MORTALITY IN 36 TOWNSIN ENGLAND AND WALES 1870-1905

REGRESSION ANALYSIS

1903/6

Degthfrom  Death from Tota

Diarrhoea  Other Causes  Degths

A B C
Congtant -1.55 2.39 2.30
Borough pop. 0.33 0.06 0.10
Bor. Acreage -0.03 -0.03 -0.03
RD Pop. -0.03# 0.01# -0.01#
Housing -0.12 0.02# 0.01#
Children1-4 0.18 -0.01# 0.01#
Fertility 0.15 0.32 0.33
Food bundle -0.11 0.04 0.01#
Mothers health 0.36 0.17 0.17
(FemdeTB)
1890s 0.03 0.01 0.01
Port -0.17 -0.09 -0.11
Femdeempl. 0.25 0.12 0.15
Miclass0.09 -0.19 -0.17
/suburbia
No. Obs 1296 1296 1296
RA(Ad)) 0.69 0.82 0.84
DW 1.65 1.58 1.63

CHANGES 1874/7-

%
Change

48.0
30.1
34.8
62.6
-14.9

-32.4 -4.9

41.3

-69.4

Tota

% Contribution
to mortdity change

Diarr.

Other

(AxD) (BxD)

E

15.8

-1.0

-7.5

-2.7

-10.4

-25.0

-30.7

F

2.9

17

-12.0

-17.5

Actud -25.6 -15.2

Notes All variablesin the regressons are measured in logs and all independent variables
are datigicaly sgnificant at the 5% leve except for those marked #. The dependent
variableis mortaity of infants per 1000 births. The number of observationsis 36 ( years
1870-1905) x 36 (towns) =1296. Mothers hedlth is proxied by the mortaity from
tuberculosis per 1000 of femaes aged 15-44 . ‘Femde empl.’ isadummy for Preston and
Leicegter, two towns with exceptiondly high femae paid employment. Sanitation and water



supply had insignificant effects and are excluded since thair inclusion would have redtricted
the range of observations. In column D the actua changes relate to the four years 1874-7
(that is 4x36 =144 observations) and 1903-6 (also 144 observations).
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horse transport) were indeed special. Dummies are aso used to pick up some of the effects
of femae employment. One versgon uses a ‘textile dummy covering Preston, Bradford and
Leeds. Another proved more significant and this dummy, ‘femae emp.’, includes Leicester
and Preston only, in recognition of the point made earlier that levels of femae employment in
these towns were quite different from the other towns even those like Manchester and
Nottingham where femae employment was quite common. It isimportant to recognise that
the smaller isthe statistica role of the dummies the more are the mgor effects being
captured by the main variables of the models.

What comes through strongly in the resultsis thet akey vehicle of the declinein
infant mortality was the improvement in mothers hedlth and the beneficid effects this had for
the child. The increesed availability of solid food, the declinein fertility and the increesein
the housing stock also played adirect role - especidly in the light of the continuing risein
population dengties - but the improvement in mothers hedlth is quantitatively much more
important. Table 7 reports regressons for infant mortdity distinguishing diarrhoed degths
from other sources of deeth. All variables are measured in logarithms so that the coefficient
on femae TB , the proxy for mothers hedth, implies that a 10% improvement in mothers
hedlth is associated, dl other things being the same, with a 3.6% decline in the infant
diarrhoed desth rate and a 1.7% decline in the infant mortality rate from other causes. This
is the generd relationship found for the whole sample of 36 towns over each of the years
1870 to 1905. It isingructive to see how far this helpsin identifying the contribution to the
average decline ((over dl towns) of 25 % in diarrhoed mortdity from the early 1870sto the
early 1900s and the average decline of 15% in non-diarrhoedl mortaity. It may be seen
from the right-hand side of Table 7 that the femae TB deeth rate itsalf declined by nearly
70% over the same period and , on its own, would thereby have reduced the infant
diarrhoea degth rate by 25% and the non-diarrhoed rate by 12% (ninth row columns E and
F).

Some factors were working in the other direction. The risng populations of the
registration districts but especidly that part within the (smaler) area of the municipa borough
boundaries had a deleterious effect on infant mortality, offset in part by the risein the housing
stock. Table 7 reved s that these effects are wholly concentrated on diarrhoed degths and



had little impact on the other sources of desth like the respiratory neo-natal diseases where
the ability to thrive rather than the exposure to disease was important. The smal coefficients
on acreage may be reflecting its conflicting role : higher acreages will be associated with
smaller population densities but aso, in the more remote areas, with poor obstetric help.
Expenditure on sanitation and water supply in the sample towns were included in some of
the first regresson runs but proved to have inggnificant effects, probably, as we have argued
before , because they do not rise to any sgnificant levels until the turn of the century (Bell
and Millward 1998, Millward and Bell 1998).

Theincluson of mothers hedth in these regressions undermines the role of the food
variable. Thisisto be expected snce mothers hedth hereis standing in part as a proxy for
the quantity and qudity of breast feeding. Space precludes reporting the full regression work
involved ; suffice to note thet if the female TB deeth rate is not included the food varigble has
avery large coefficient. As Table 7 shows whilst the food varigble is Sgnificant for diarrhoea
deaths it has no effect on non-diarrhoed deathsin the presence of the mothers hedlth
variable. Thisis consgtent with other U.K. evidence ( Fildes 1991, 1992, Holdsworth
1997, Tanner and Mooney 1997, Huck 1994, 1997) that infants who died from non-
diarrhoeal diseases were more likely to have been breast fed ( and hence dependent on the
mother) than infants who died from diarrhoea ( who relied more on atificid foods).

Changesiin fertility may be expected to have direct effects on infant mortality (over
and above any indirect effects through mothers  hedlth) by changing the number of
susceptibles in the household and the amount of food avallable per family member. Family
dzeisanother way of gauging these effects and here the number of childrenaged 1to 4 is
included in the regressions ( dong with population) and does appear to be important at least
for those deaths strongly associated with exposure to disease - the diarrhoeal diseases.
Indeed other regression work ( not reported here) shows, as one might expect, that the
incluson of family sze or fertility reduces the impact of the housing and food variables (i.e
total housing and total food per family). The varidble for family size, children aged 1 to 4, of
course reflects past fertility practices. The fertility varigble in Table 7 reflects current fertility
levels; it emerges with asgnificant and independent role suggesting thet it is picking up

another factor identified earlier, the amount of time which mothers can devote to child care -
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and this gppears to manifest itsdlf particularly in non-diarrhoed deaths which would include
neo-natal deaths.

The results reported in Table 7 therefore suggest that the factors we have identified
go along way to explaining the variationsin infant mortality. They are able, asthe right hand
Sde of Table 7 shows, to account for much of the actud long term decline in infant mortality
from the early 1870s to the early 1900s. The risein population dengity in severd towns
would have caused infant mortdity to rise but for large favourable movements in the housing
gock, food availability, mothers  hedlth, family sze and fertility. Specificaly they go along
way to explaining the large fdl in infant mortality in the textile towns and in suburbia both of
which witnessed sgnificant decreases in fertility and in femae deaths from TB aswell as
improvementsin food and housing. It so explains the very smdl decline in infant mortdity in
the mining areas and the more or less average decline in rurd areas ( for which explanations
have been largely absent in the literature).

There are severa issues which cannot be accounted for by the variables identified so
far. Oneisthe leve of infant mortdity in suburbia, where it gppears from the Sze of the
dummy coefficient in Table 7 that the inhabitants may well have been imitating the behaviour
of the hedthy middle classesin the way Garrett and Reid (1995) have suggested. Further,
the highly sgnificant coefficient on the ‘femae empl.” dummy (which covers Preston and
Lelcester) suggests specid factors associated with working conditions and child care
operating directly from the employment setting. It is dso of note that the * 1890s effect’ is
present but smal ; that is the 1890s pattern is not strongly incongistent with the movement of
the variables we have identified . Mothers hedlth, aswill be seen shortly, dso deterioratesin
this decade. Findly diarrhoed mortdity in the ports appears to be significantly less that
predicted by the model whilst showing no long run tendency to decline. In Swvansea and
Liverpoal, infant mortdity from diarrhoea rises not only in the 1890s but yet again in the
early 1900s whilst in Sunderland, Southampton and Brigtol the recovery in the early 1900s
is not enough to put the level of the infant diarrhoea deeth rate below the leve of the 1870s.
For this we have no ready explanation. The only straws in the wind are that the declinein
fertility in the ports was very modest and in Liverpool it actudly rose in the 1900s and
finished up higher than in the 1870s.
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Given the pivota role Mothers hedth, it is clearly important to know what are the
main factorsin determining its level and trends over time. Table 8 showstheresults of a
regression exercise for the 36 towns over the years 1870-1905 relating to females aged 15
44. 1t digtinguishes the TB degth rate, which is the proxy here for what the mother passes on
to the child, from other sources of disease. The environmenta variables - population
dengties, housing stock - are Sgnificant but nowhere near as important as they were in our
earlier work on overdl mortdity levels (al ages, mae and femae combined ; Millward and
Bdl 1998). Thisis confirmation that the urban pendty is partly associated with working
conditions outside the home which affected men, in the aggregate - more than women
(McKeown 1962, Cronje 1984, Woods 1984). Food plays a very strong role, especially
for the TB rate which again confirms prior expectations that these desths are associated with
nutritiona state and resstance to disease. Fertility levels will affect mothers hedth in part, as
for infants, through the number of susceptibles in the house and in the amount of food
available per family member. The family sze variable (children 1 to 4) wastried in these
regressions but added nothing to what aready had been picked up by the fertility measure.
This suggests a strong role for the other dimension of current fertility ( as opposed to past
fertility), namely the effect on the mother of alarge number of conceptions and the
associated genera debilitation (Seccombe 1990. Reves 1985).

Since bath food availability and fertility show unambiguoudy large changes from the
1870s to the early 1900s they played a centrd role in the improvements in mothers  hedth.
Thusthe very largefdl in fetility in the textile townsis akey dement in the subgtantid fdl in
infant mortdity there. At the other extreme, the very smdl changesiin fertility in the mining
towns is condstent with the small declinein femae mortdity there. The quantified varigbles
cannot account however for certain features of the leve of femde mortdity. Thusthe femae
TB degth rate is some 25 % higher in rurd areas (see farm dummy in Table 8) than
predicted by the modd and seems likely to be reflecting the low position in the family
hierarchy which women had in these traditiond settings and which does not seem to have
been diminated by the end

TABLES
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REGRESSIONS FOR MORTALITY OF FEMALES AGED 15-44
(Sample of 36 Townsin England and Waes 1870-1905)

I ndependent TB  Other Totad
Variables

Congant 0.31# 138 151
Fertility 092 092

Food bundle -1.02 -0.50 -0.52
Housing -0.04# -0.05 -0.05
Borough pop. 016 021 021
Bor. Acreage 0.01#

RD Pop. -0.14 -0.15 -0.15
1890s 0.01# 0.01 0.01
Port -0.18 -0.13 -0.13
Suburbia -0.19 -0.27 -0.27
Mining -0.24 -011 -0.11
Inland ind. -0.09 -0.09
Farm 0.25

Femdeempl. 0.07
NoObs 1296 1296 1296
RA(Ad)) 0.62 064 0.64
DW 196 187 1.88

Notes All variables are measured in logs and all independent variables were Setidticaly
ggnificant a the 5% leve except for those marked # (most of which were Satigticaly
sgnificant a the 10% leve). The dependant varidble is the log of mortdity of females aged
15-44 from tuberculosis (TB) or other causes or al causes. Proxies for sanitation and water

35



supply capacity proved not to be statistically sgnificant and since data on these variables
limited the samples dightly we have excluded them in the above.

of the century. The leve of mortaity in suburbiaiswell below that determined by the
quantified variables and here again the culturd and educational characteristics of these towns
is perhaps the explanation. What does remain something of a puzzleiswhy the leve of
femae mortdity in the ports, mining and inland indudtrid didtricts seems to have been well
below that portrayed by the quantified variables of the model.

In dl of the aove fertility istreasted as an exogenous variable but in redlity itslevd is
partly affected by mothers heeth and infant mortdity. In the gppendix a regression is run
which takes this into account this Smultaneity by developing a smple mode of fertility. The
results do not undermine the main conclusons of our research. Fertility differences across
the sample of towns 1870 to 1905 seem to have been strongly associated with the cultura
context with suburbia a one extreme and mining areas and catholic Liverpool. Lower
fertility leves are associated with higher femde employment levels, higher infant mortdlity,
higher child surviva rates, lower income levels and with seesde towns containing a high
proportion of sngle femaes in sarvice. Smaler influences were the price of tea ( as a proxy
for the cost of new consumer goods) and expenditure on schools (as a proxy for the risng
cog of child training). Treating fertility this way, rather than as an exogenous varidble, is
shown in the appendix to be consstent with the centra role of the mother as a medium for
the long term decline in infant mortdity.

The objective of this paper has been to draw out the central role played by mothers
in the pattern of infant mortdity in the Victorian period. The mother was a medium in the
sense tha her hedth crucidly affected the three issues which determined the infant’s life
chances : the condition of the foetus, the qudity of the immune system, the qudity and
quantity of breast feeding. Because the latter cannot be readily measured, we have proxied
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their variations across regions and over time by a measure of femae mortality. The research
reported here reveds the range and quantifiable impact of mothers hedth dongsde the
many other factors affecting infant mortdlity.

The differences in infant mortdity across the sample of towns did narrow in the
1870-1914 period but they remained a dominant characteristic even a the very end in the
early 1900s.. The results from our research suggest that, looking at the sample as a cross
section, infant mortdity was lower the smaler were house occupancy rates and population
densties and the bigger was the purchasing power over food. Mothers hedth had a
powerful influence and this was itsdlf strongly affected by red income levelsaswdl as, ina
andl way, by environmentd factors. Lower fertility levels had beneficid direct effects on
infant mortality and sizesble indirect ones through mothers hedlth. These relationships hold
for dl comparisons across towns . Over and above that, high levels of femae employment
were asociated with high infant mortdity, and reinforcing thet, poor mothers hedlth, The
aspiring middle dass in towns like Kingston-on- Thames, Tottenham and Oxford exhibited
quite separate education and culturd  influences on femae mortaity and fertility. In contrast
the mae mining culture as well as towns like catholic Liverpool hed levels of fertility well
above the average.

The conclusion about the pervasve average long term decline of infant mortdity

from the 1870s to the early 1900s is clear. There were some factors like risng population
densties working againgt the decline in mortaity. Opposed to that were a number of
factors, the most powerful of which was the improvement in the hedlth of femaesin the child
bearing age range. This itsdf was most strongly affected by risng red incomes in terms of
food which dlowed better nutrition and by faling fertility rates. These factors are enough to
explan much of the pattern of decline in infant mortdity. No new factors are need be
invoked, that is, to account for the very large fdl in infant mortdity in the textile areas and in
suburbia nor the very amdl change in the mining arees. Red incomes rose strongly and
fertility fdl dramaticdly in the textile areas and in suburbia but by only smal amounts in
mining. In the middle range were the rura aress - typicd, it turns out, of the average decline
in infant mortdity in the country as a whole and triggered by an average improvement in redl
incomes and fertility levels. Rigng child surviva rates were one of the factors which was

pushing down the fertility levels but which came first cannot be decided by the present
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mode though the results reported here provide some clues for further research on this

process.

APPENDIX

Although fertility is not the centrd focus of this paper, it can be mideading to teke it
as an exogenous variable when it is likely to be affected by, anongst other things, the levels
of infant and female mortdity. It is not enough however to smply develop and run a separate
regression for fertility. Thisis a Smultaneous equation system. There are three equations for
infant mortaity, mothers hedth and fertility respectively. Each contains the others as
independent varidbles as well as certain other variables exogenous to the system, like
housing, food and population densties. There is then a danger of not being able to
digtinguish between the three equations unless they each have at least one truly exogenous
vaiable not found in the other equations (the identity problem). This is solved in what
follows by virtue of each equaion having different dummy terms, by the presence of the
variable children aged 1 to 4 in the infant mortality equation whilst the fertility equation
contains ‘time’, educationa expenditures and the price of tea as independent variables. A
second problem can be illustrated with respect to the equation for infant mortality which,
because it contains mothers hedth and fertility as variables, is corrdated with the
disturbance terms in the equations for mothers hedth and fertility. Hence the coefficients on
fertility and mothers hedlth will be biased and inconsistent. A common way round this is to
obtain an estimate for the three variables as functions of the truly exogenous varidblesin the
system (like housing and food) and then feed these back into the originad equations. The
method of two stage least squaresis used here.

The fertility model developed here draws on the extensive literature on the subject
for the nineteenth century (Crafts 1984a, 1984b, Easterlin 1978, Garrett and Reid 1995,
Lindert 1978, Seccombe 1990, Shorter 1977, Szreter 1996, Woods 1987). Thisinvites the
expectation that fertility will, other things being equa, be lower the higher are infant mortaity
and child survivad rates given target family szes. Higher family incomes (proxied here by the
data on builders wages) and lower food prices are expected to provide the materia bass
for larger families. Higher femde wages and/or femae employment is often interpreted as
rasng the ‘cost’ of having children. No comprehensive data on femae wages in the sample
towns are available but it is possible to gpproximate the effects of female employment by the
use of dummies for the towns where femae employment was high. A larger expenditure by
loca government on education (data for which are avalable from the Locad Taxation
Returns) may be taken as a proxy for the risng schooling costs associated with children in
this period. It is possble dso that whereas fdling food prices lower the cost of feeding
children, falling prices for new commodities might increase the attractiveness of alocating
family resources away from the rearing of children. Here the price of teais used as a proxy.
Rdigion and other culturd influences on fertility practices are important and an atempt is
made to gauge their impact by the use of dummies for town groupings which have these
characterigtics.
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The results of the regression on fertility as well asthe other elements of the two stage
least squares modd are shown in Table A.1. To alarge extent the results for infant mortality
and mothers heath are Smilar to those in the main text. The only difference of sSgnificance is
that the family sze variable, children 1 to 4, comes out with a negeative coefficient in the
infant mortaity regresson. Effectively it offsets whet is a very large coefficient on fertility. In
the fertility mode improvements in mothers hedlth (as reflected in lower TB rates) have the
expected effect of ragng fertility, other things being equa. However the association is not
datidticaly sgnificant so the effect does not
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TABLEA.1
TWO STAGE LEAST SOUARES MODEL
INFANT MORTALITY, MOTHERS HEALTH AND FERTILITY IN 36 TOWNSIN
ENGLAND AND WALES 1870-1905

DEPENDANT VARIABLES
Infant Mothers Fertility
Mortality Hedth
Congtant 1.05 5.73 3.40
Borough population. 0.14 0.15
Borough acreage -0.03 -0.04
Regidration Digtrict Pop. 0.19 -0.08
No. of houses -0.03 -0.05#
Number of Children 1-4 -0.20
Mothers hedth(femdeTB) 0.20 -0.04#
Wages 0.08 -1.77 0.35
Food prices -0.02# 0.76 -0.25
Fertility 0.40 0.72
Femde empl. 0.13 -0.09
1890s 0.03 0.02
Port -0.12 -0.09
Suburbia -0.14 -0.08 -0.21
Mining -0.16 0.21
Inland ind. -0.07
Infant mortaity -0.12
Child 1-4 mortdity 0.18
Price of tea 0.10
Education expend. -0.001#
per child 5-15
Seaside -0.28
Liverpoal 0.17
Time -0.01
No. Obs 1296 1296 1296
RA(Ad)) 0.82 0.60 0.68
DW 1.75 194 1.89

Notes All variables are measured in logs and all independent variables were Satidticaly

ggnificant at the 5% leve except for those marked # Most of the variables and the data
sources are described in the main text. ‘Education expend.” is municipad borough
expenditure on education for children aged 5 to 15. These data are taken from the Local
Taxation Returns. The price of teais derived from the same source and in the same way as
food prices. ‘Liverpool’ isadummy variable for the town. ‘Time' is measured in years from
1870 to 1905 and hence varies from 1 to 36. Proxies for sanitation and water supply
capacity proved not to be satidicaly significant and since data on these variables limited the
samples dightly we have excluded them in the above. The number of observations is 36 (



years 1870-1905) x 36 (towns) =1296. For the two stage estimation procedure see
Limdep Verson 7.0 User's Manud , W.H. Greene, Econometric Software Inc. 1995,
pp.371-2.
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Seem to be strong. Two dimensions of child survival rates are included in the fertility modd.
One of them, the mortdity of children aged 1 to 4, emerges with a positive effect on fertility
levels, which is what would be expected from theories of target family sze. Lower infant
mortaity rates are however associated with higher fertility levels and, rather than reflecting
targets for family sze, may be reinforcing the links which dlow hedthy mothers to have
fewer problemsin child birth and care and subsequently to experience lower infant mortality
levels

Turning to the economic and socid varigbles, larger family incomes and lower food
prices are associated with higher fertility, other things being equd, whilst lower tea prices
and more spending on education are asociated with lower fertility, though the education
vaidble is not Satigticaly ggnificant. The femde population in the seedde towns of
Blackpool, Ramsgate and Hagtings included a high proportion of single women in service
and the coefficient on the dummy varigble suggests that the overdl fertility levels in these
towns was nearly 30% lower that in the rest, after dlowing for al other factors. Some
specific cultura influences can be found in the results for other dummies. High fertility levels
are found in the strong mae dlimate of the mining towns and in cathalic Liverpool whilst very
low levels are found amongst the aspiring middle class towns of suburbia: Although this
model accounts for two thirds of the variation in fertility levels much of the explanatory
power relates to cross section differences. It does not do so well in accounting for the
secular decline in fertility and even the ‘time variable included to pick up other long term
factors had only a smal impact, suggesting scope for further work in thisarea.
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