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Original Research Article
Regional variation in the secondary sex ratio in Sweden, 1749-1869

Abstract. A long series of attempts have been made to iiydiaittors influencing the number
of males per 100 females at birth, also calledstheondary sex ratio (SR). Earlier studies
have noted regional variations in the secondary &Rl racial differences seem to exist.
Statistical analyses have shown that comparisomaee® SRs demand large data sets
because for moderate data the random fluctuatiomsrarked, and hence, reliable results
presuppose national birth data. Variations in tiie tBat have been reliably identified in
family data have mostly been slight and withoutaig influence on national birth registers.
In this study, we analyse the regional variationghie SR in Sweden (1749-1869). We build
spatial models for the regional variations in the &d, in addition, analyse the association
between the SR and the crude birth rate (CBR) heddtal fertility rate (TFR). The strong
random fluctuations in the SR yielded rather pooodness of fit. Especially, the proposed

models failed to satisfactorily identify countiegiwobserved extreme SRs.

Key words: live births; counties; geographical cdinates; spatial models; stepwise

regression; multicollinearity; crude birth ratestal fertility rates

Introduction

In a long series of papers, attempts have been toadentify factors influencing the number

of males per 100 females at birth, also calleds#edndary sex ratio (SR). Hawley [1] stated
that where prenatal losses are low, as in the stighdard of living in Western countries, the
SRs are usually around 105 to 106. On the othett,iarareas with a lower standard of living,
where the frequencies of prenatal losses are vebathigh, SRs are around 102. Visaria [2]
stressed that racial differences appear to exighénSR. Furthermore, he noted that the
observed SRs are strongly influenced by randomr®rrand he constructed confidence

intervals (Cls) for the SR. Fellman and Erikss@j,([4]) presented an alternative ClI
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and k defines the

where N is the sample sizeqy is the proportion of malesSR=

confidence level (e.g< = 196 yields 95% CIs). In empirical studies, the SR esnmonly
multiplied by 100, yielding the number of males d€0 females. The obtained Cls are
asymptotically equivalent and both are applicableddrgeN. For moderate data sets, the Cls
are broad, and consequently, it is difficult tontiy statistically significant differences ([2];
[3]). Fellman and Eriksson [3] analysed in deth#@ SR among singletons, twins and higher
multiple births in Sweden (1869-1967). Later, Faltmand Eriksson [4] analysed the
temporal variations in the SR in Sweden, DenmairdaRd, Norway and Iceland.

Variations in the SR that have been reliably ideadiin family data have in general been

slight and without notable influence on nationatibregisters (for references, see [5], [3]).
Material

In the 19" century, Berg [6] published SR data for live kirfim the counties of Sweden,
1749-1869 (see Figure 1 and Table 1). The availpbléods varied slightly between the
counties. The regional data provide the basis torstudy. We did not consider subperiod
data for the counties because SR data for smalls#is show large random fluctuations ([2],
[3]). Berg defined the SRs as males per 1000 fesnalet we have transformed his data to the
traditional definition, number of males per 100 &des.

Several studies have shown marked temporal vamstié review of studies of temporal
variations in the SR is given in [3]. For the pdrib749-1869, such temporal trends seem to
be minute. In Figure 2, we present the temporahtians in the SR in Sweden (1751-1870).
The increasing trend seems to be slight. The teahiand in the SR for Sweden is discussed
in [4].

Figurel
Figure2
M ethods

The first attempt presented by Fellman and Eriks§®n was to trace any regional
heterogeneity in the SR. This was performed sotttehumbers of males and females in the

counties were estimated by the total numbers difidiand the published regional SRs, both
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given by Berg. Significant differences in the sesgortions were found, and their next step
was to build regional models.

Following the ideas in Fellman and Eriksson [9], aymlied spatial regression models to the
regional SRs. The location of the counties wasnéefias the geographical co-ordinates of the
corresponding residences (provincial capitals). fidmdences are not centrally located, but
we assumed that they are sufficiently central wépect to the population density, and their
co-ordinates are given in Table 1. The county cadasduced by Statistics Sweden are
presented in Figure 1 and used in Table 1. Therdmates for Sweden are eastern longitude
and northern latitude. Table 1 also displays foergwounty the observation periods, the
number of live births and the observed and estih&Rs. We also introduced fertility

regression models based on the crude birth raBR{jGnd the total fertility ratio (TFR).
Tablel

Spatial models. We analysed the spatial variation in the SR byghteid regression models.
The variance of the SR is approximately proporticiean™, and therefore, we used the
number of births in the counties as weights. Thigagsand was the observed regional SR,
the presumptive regressors were the longitude ¢@eri M and the latitudel and the
transformed variables were?, M? and LM. The regressor$! and L were defined as
deviations from the co-ordinates of the unweightedtre (59.18 N and 15.87 E) of the
cluster of residences, and consequently, the iepescobtained in the models are the
estimates of the SR in this centre.

Figurel

The geographical pattern of Sweden can be seeigime=1. The elongated shape of Sweden
indicates that attention must be paid to the muilireearity between the regressors. Fellman
and Eriksson [9] studied spatial models for thentwng rate in Sweden and gave a thorough
analysis of the multicollinearity in the regressimodels with the geographical co-ordinates
as regressors. They considered different measuresiutticollinearity proposed in the

literature. These were all functions of the eigefugs of the correlation matrices. In this

. ) 1 . .

study, we restrict ourselves to one measure, that, FZ/‘—. This measure includes all
i 7

eigen values and for uncorrelated regressors eledhe dimension of the correlation matrix

and with increasing multicollinearity it increaséswards infinity. If all regressors are

included, the multicollinearity is rather strongutbwith a smaller set of regressors the
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multicollinearity is markedly reduced. For the totaodel m, =38.09. The optimal spatial

regression model presented below has only the ssgrsL? andLM, and in this model the

multicollinearity measure is reduced g =13.74. This model is called “the spatial model”.
The measure 1f), =3256) for the total model presented in [9] differs frotine value

obtained here since in the earlier paper the coahfrebro was missing. In addition, the
number of births was obtained for different periodad consequently, the weights were
slightly different.

Fertility models. Jalavisto [10] pointed out that in Finland the setio has risen
continuously and steadily from 1751 to 1948, aned showed that the lower rate of male
births in the past could not be attributed to highean parity.

Vartiainen et al. [11] evaluated the SR among Ibighs in Finland, 1751-1997. They
observed an increasing trend from 1751 to 192Gs wms followed by a decrease and
interrupted by peaks during and after World Wamnd dl. None of the family parameters
(paternal age, maternal age, age difference ofnparéirth order) could explain the time
trends. Furthermore, a brief rise occurred in tdyel970s.The last peak is more difficult to
explain. The authors noted that the peak was associwith reduced birth rates and an
increased proportion of first-born children.

Following [10] and [11], we tried to connect theriaéions in the SR with two measures of
fertility, CBR and TFR. CBR is the number of childbs per 1000 people per year. Hofsten
and Lundstrém [12] presented in their Table 6.1@BRs for the counties in Sweden for the
decades between 1751 and 1970. They stressechth&@BR is a poor measure of fertility
and can only be used for rough comparisons or donparisons when it is known that no
other factors— notably, the age composition of the populatidre marriage pattern or the
time-schedule for the birth of children will interfere with the comparison. However, they
stated that differences between the counties wenernbefore the transition started from
high to low fertility, and they assumed that thimnge occurred during the later part of the
19" century. We therefore assume that CBR can be usethis study of regional
comparisons for the period 1749-1869.

The TFR of a population is the average number fidn born to a woman over her lifetime
if (1) she were to experience the exact currentspgeific rates through her lifetime, and (2)
she were to survive from birth to the end of heproductive life. TFR is obtained by

summing the single-year age-specific birth rates @itven time. Hofsten and Lundstrom [12]
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have in Tables 6.2 — 6.16 presented TFR value&@@® women for all decades starting from
around 1860 to 1970.

In this study, we define the variable CBR as thamealue of the decennial CBR data for
the period 1751-1870, and the variable TFR is tléstdn-Lundstrom data for 1860. We

calculate for the regional values the me@BR andTFR. In our regression analyses, we

use as regressors the variabes CBR-CBR andT =TFR-TFR . This model is named
“the fertility model”.
Both C andT are in some sense measures of fertility, and theelation between them is

0.549.The correlation results in the multicollinearity aserem, = 3.72.

Results

In general, for moderate data sets, the SR isenftad by large random fluctuations ([2], [3],
[4]). This can be seen in Figure 3, where we priesenregional SRs with 95% Cls. Note the
broad Cls for the counties of Vasterbotten (AC),vielorg (X), Vasternorrland (Y),
Norrbotten (BD), Gotland (I) and Jamtland (Z). Ebese, the number of live births is less
han 200 000.

Figure3

Spatial models. The test of the regional variationsSRyielded y? = 5523 with 24 degrees

of freedom, indicating regional heterogeneity. Qiust attempt to build a spatial model

started withthe maximal model
SR=a+pB,M+BL+B,.M?+ B, LM +B,L* +¢. ()
The estimated model was

SR=10458-0.085M +0.088L -0.0118M * -0.069LM +0.080L". (3)

No parameter estimate was significant, the adjusteificient of determination was low,
R? =0.047, and consequently, the goodness of fit was poor.
We then improved the analyses by a stepwise ragreasalysis, yielding the optimal spatial

model, that is the model with a maxim@&F value. The model obtained contailgdandLM

and was
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SR=10456-0.067LM +0.068L°. 4)

The goodness of fit was improved, but the adjustefficient of determinatioiR® = 0.103

still indicated a rather poor fit. The estimatedrgoaeter ,Z?Lz, with SD, =0.031, was

statistically significant, anqAGML (Sh, =0.034) was almost significant. The intercept

SR=10456 is an estimate of the SR in a hypothetical counity latitude=59.18 and
longitude=1587. The county of Orebro with the residence Orebrme® closest to this
cluster centre (cf. Table 1).

Fertility models As an alternative model, we consider a regressiodeiwith the regressors
C andT, that is

SR=a+[.C+[, T+e. (5)
The estimation yields the regression model

SR=10468-0.1445C +0.00086T . (6)

Compared with the optimal spatial model, the gosdndf fit is better because the adjusted
coefficient of determinatiorR? =0.373 and the parameter estimates are both statistically

significant, with SD. =0.04867 and SD; =0.00024, respectively. Note that the regression
coefficient 5. =-0.1445 is negative. This finding supports to some extdalavisto’s

statement that the increased SR in her data il1%6s is associated with a low birth rate.
The intercept SR=10468 is an estimate of the SR in a hypothetical countyh
CBR=32.599 andTFR=4574.64 The county of Alvsborg comes closest to theseesl
(cf. Table 1).

The goodness of fit of both models was poor. Togettith the observed SRs, the estimated
SRs for the spatial model and the fertility model given in Figure 4. Figure 4 shows that no
model can satisfactorily explain the broad hetenegg in the regional SR. The most marked
discrepancies between the observed and estimateda&Rseen among counties with low
SRs for the spatial model and among counties wgh BRs for the fertility model (Figure 5).
The difference in the discrepancies between themwodels raises the question that would a
combination of the two models improve the fit. Howe no improvement was obtained

when spatial variables were added to the fertifipdel.
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Figure4

Figure5b

Discussion

el tional "
When one considers the counties with high and &%, $h0 obvious association with the

developed-parts-of Swede@n the other hand, among the counties with low &Rghe city
of Stockholm (A), the county of Goteborg and Bol{@ with the second largest city of

Gothenburg, and the county of Uppsala (C), whicht@ios the oldest university in Sweden.
These counties seem to be among the most develppad of the country. However,
Sandberg and Steckel [7] stressed that mitidgntury Stockholm emerges as the markedly
unhealthy city that historical chronicles and demapyic data have always portrayed. Among
counties with low SR is the northern county of \é#isbtten (AC). Note that Vasterbotten is a
neighbouring county to Jamtland and Norrbotten.

No geographical pattern can be detected. Couniibsleaw SRs comprise western (Goteborg
and Bohus), eastern (city of Stockholm, UppsalastM@nland), southern (Blekinge) and
northern (Vasterbotten) counties. Included amongnties with high SRs are western
(varmland), eastern (Gotland, Kalmar) and north@fasternorrland, Jamtland, Norrbotten)
counties. This lack of geographical pattern sugpthe poor goodness of fit of the spatial

model. Figure 1 gives summary information aboutgbegraphical pattern of Sweden.
Concerning the fertility model, we have already roected the negativ;;f?C with Jalavisto’s

result. The variables CBR and TFR are positivelyralated. Despite this, both variables
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must be included in the model, one with a negatiwefficient (ﬁc) and the other with a

positive coefficient 3. ). Among the counties with low CBRs, Jamtland () &otland (1)

have high SRs, but Uppsala (C) has a low SR. Antbagcounties with high CBRs, city of
Stockholm (A), Blekinge (K) and Géteborg and Bol{@y have low SRs, but Norrbotten
(BD) has a high SR. Among counties with high TFRerrbotten (BD) and Vasternorrland
(Y) have high SRs, but the neighbouring county ¥éxitten (AC) has a low SR. Among
counties with low TFRs, city of Stockholm (A) arftetcounty of Uppsala (C) hal@wv SRs,
but Gotland (1) has a high SR. These tendencieswgrported by the signs of the parameters,
but some exceptions exist.

Hofsten and Lundstrom [12] stressed that as earlgbout 1860 the city of Stockholm and
the county of Gotland displayed a fertility consalay lower than that for the country overall.
The difference being most marked in the higher ggmips seems to indicate an early

influence of birth control.
Conclusions

The slight increasing tendency in the SR for Swedé®1-1870) observed in Figure 2 may
be related to an increased standard of living (d]). In Figure 2, one can also see a minor
trough during the first half of the f&entury. During this period the standard of livings
temporarily low in Sweden. Sandberg and Steckeli§éd measurements of Swedish soldiers
recorded in muster rolls as an index of living g@mds and noted a reduction in mean heights.
Their results combined with other evidence poinaitmild subsistence crisis, especially in
western Sweden, during this period. Eriksson efld] discussednter alia the connection
between this crisis and the twinning rate in Swedrd concluded that low values in the
twinning rate are not consistently associated wpigniods of epidemics, famine or other

similar nutritional stress.
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Table 1. County codes, observation periods, residences,rggbigal co-ordinates of the
residences, number of births and observed and &stihrsecondary sex ratios (SRs) among

live births in the counties of Sweden. The row Tataludes the geographical co-ordinates of
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271 the centre of the cluster of residences, the tatalber of births, the observed SR of Sweden
272 overall and the intercepts in the spatial andligrinodels. For details, see the text.

273

Codé’ Period Residence Lat Long n SR 0bSR spat SR fert
174¢-186¢ Stockholn 59.32 18.07 33685: 103.« 104.5¢ 103.6¢
1749-1869 Stockholm 59.32 18.07 324901 104.6 104.54 104.46
1749-1869 Uppsala 59.9017.80 246344 104.2 104.51 104.49
1749-1869 Nykoping 58.76 17.01 319940 104.6 104.61 104.81
1749-1869 Linkoping 58.42 15.64 581692 104.5 104.59 104.65
1749-1869 Jonkoping 57.7814.18 424184 104.9 104.54 104.97

1749-1869 Vaxjo 56.86 14.82 356405 104.7 104.77 104.79
174¢-186¢ Kalma 56.8(C 1600 51602: 105.¢ 104.9° 104.7:
174¢-186¢ Visby 57.6¢ 18.3( 11954: 105.. 104.9¢ 104.5(

174¢-186¢ Karlskron: 56.1€ 15.5¢ 28351: 103.7 105.1! 104.4¢

174¢-186¢ Kristianstar 56.0z 14.1: 45520( 104.¢ 104.8¢ 104.7(

1749-1869 Malmo 55.61 13.06 637249 104.6 104.76 104.45
1749-1869 Halmstad 56.6712.86 271859 104.5 104.49 104.82
1749-1869 Goteborg 58.3511.93 482251 103.9 104.39 103,81
1749-1869 Véanersborg 58.3712.32 597113 104.8 104.42 104.70
1749-1869 Mariestad  58.7113.82 522657 104.8 104.51 104.92
1749-1869 Karlstad 59.38 13.50 552016 105.1 104.60 104.85

174¢-186¢ Orebrc 59.27 15.2: 36749¢ 104.t 104.5° 105.1:
174¢-186¢ Vastera 59.67 16.5F 27294: 104.: 104.5¢ 104.6:
174¢-186¢ Falur 60.61 15.6¢ 39548: 104.7 104.7: 105.0¢
181(-186¢ Gavle 60.6¢ 17.1¢ 18839¢ 104.t 104.5¢ 104,7%

1810-1869 Harngsand 62.6317.94 175813 105.1 104.90 104.93
1810-1869 Ostersund  63.1814.65 77473 106.4 105.98 105,34

N<XsCH0nDTOZZIr X~ IOMMOO®>»

AC 1749-1869 Umea 63.83 20.27 169733 104.4 104.67 104.68
BD 1749-1869 Luled 65.59 22.17 153877 105.1 104.67 104.79
Total 1749-1869 59.18 15.87 8828958 104.66 104.56 104.68

274 a The codes are explained in Figure 1.
275 P For Stockholm city (A) and the county of Gotla(iyl the data are available for the
276 whole period, but for the rest of the counties ¢hemre missing data for the period 1774-1794.
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Figure 1. Map of Sweden including the counties (lan) andirtmesidences (provincial

capitals) and the letter codes according to SiegiSweden.
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Secondary SRs in Sweden, 1751-1870
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Figure 2. Secondary sex ratios (SRs) among live births iedm, 1751-1870. Included in
the figure is a 95% confidence band. A slight iasieg trend can be noted, which is
probably associated with the increasing standaiiiofy in Sweden (cf. Fellman & Eriksson,
[4]). A minor trough can be seen between 1800 &8@&D1Sandberg and Steckel [7] noted a
reduction in the mean heights among Swedish cgstsciTheir results combined with other

evidence point to a mild subsistence crisis in e@sSweden during this period.
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Figure 3. Observed secondary sex ratios (SRs) and confidaterals for different counties.
The counties are ordered according to increasing &M the county codes are given in

Figure 1.
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Comparisons between observed and expected SRs
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294
295 Figure 4. Observed and estimated secondary sex ratios (3Rs)applied models are the spatial (SR spat) eritity (SR fert) models. Note

296 that the extreme observed secondary sex ratiosofSiRare poorly estimated. The counties are ordacedrding to increasing observed SR
297 values, and the county codes are given in Figure 1.
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Observed and expected SRs
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Figure 5. Comparisons between observed secondary sex &fobs and estimated SRs for
the spatial ©) and fertility (A) models for the counties in Sweden. Note the disa@ncies

for counties with observed extreme SR.



