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Abstract

Official Spanish birth registry data report sex ratios well above expected levels
between 1975 and 2000, peaking at 109 boys per 100 girls in the early 1980s, the
highest in the world at that time. Prior research has attributed these elevated
ratios to factors such as maternal age, birth order, and differential prenatal care.
We show that they instead reflect systematic coding errors by the Spanish
Statistical Office. Census data reveal normal sex ratios for the same cohorts. The
birth registry also exhibits implausible monthly volatility and asymmetrically
distributed outliers, consistent with one-directional miscoding of females as males.
Additional corroborating evidence comes from provisional birth statistics, which
show significantly lower sex ratios than the finalised records, and from anomalous
patterns in adjacent fields on the birth registration form. Our findings underscore
the responsibility of statistical agencies to validate administrative records and
cross-check them against alternative sources.
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1 Introduction

The sex ratio at birth typically falls within a narrow range of 105-106 boys per 100 girls
across human societies. Larger ratios are generally considered indicative of sex-selective
practices, as documented in parts of Asia and Eastern Europe, as well as among Asian
immigrants in Western countries (Dubuc & Coleman 2007, Almond & Edlund 2008,
Almond et al. 2013, Gonzdlez, Libertad 2018, Chao et al. 2019). Such imbalances have
important implications for marriage and labour markets, drawing considerable research
and policy attention (e.g. Angrist 2002, Edlund et al. 2013, Wang et al. 2017, Grosjean
& Khattar 2019).

Spain presents a puzzling case. According to official birth statistics, beginning in
1975 it experienced a dramatic spike in sex ratios, reaching 109 boys per 100 girls in
the early 1980s. This was the highest ratio in the world at that time, as reported in
UN data, which draw on national official records (United Nations 2024). This elevated
ratio then declined gradually through the 1980s and 1990s, returning to normal levels by
the end of the century. Since sex-selective abortion was unheard of in Spain during this
period (Echavarri & Beltran Tapia 2025), researchers have sought other explanations for
the anomaly. Early work argued that increases in maternal age favouring male births
may have played a role (Gutiérrez-Adan et al. 2000), while others pointed to factors such
as race, birth order, and solar radiation intensity (Sdnchez Barricarte 2023). However,
none of these forces can explain such a large gap as the one observed in Spain in the
late 20th century. An extensive literature has shown that natural variation in the sex
ratio due to biological and demographic factors is modest and rarely pushes ratios beyond
107 (Hesketh & Xing 2006, Chao et al. 2019, Jacobsen et al. 1999, Chahnazarian 1988,
Sanchez-Barricarte 2023).

More recently, Echavarri & Beltran Tapia (2025) argue that the Spanish anomaly
reflects son preference coupled with the introduction of prenatal sex determination.
Once ultrasound technology became widely available through the expanding health
system, they contend, mothers who learned they were carrying a boy took better care of
themselves during pregnancy, increasing male fetal survival and pushing the sex ratio
upward. If true, this interpretation would imply that tens of thousands of female fetuses

died in Spain in the final decades of the 20th century due to differential maternal care.



Yet the biological plausibility of this mechanism is limited. Fetal sex cannot be reliably
determined by ultrasound until at least 12 weeks of gestation (Efrat et al. 1999), by
which point only 1-5 percent of pregnancies end in miscarriage (Michels & Tiu 2007).
Even under extreme assumptions about differential care, such low baseline rates of fetal
loss cannot plausibly generate a 2-3 percentage point deviation from biologically
expected sex ratios.

We provide evidence for a simpler explanation: the anomalies observed in Spain from
1975 to roughly 2000 are due to data quality issues in the birth registry rather than
real demographic patterns. First, census data from the same cohorts show sex ratios
consistently within the normal biological range, with no unusual spike during 1975-2000.
Second, the official birth registry data exhibit extreme monthly volatility within provinces
that is biologically implausible but consistent with sporadic data entry errors. Third, the
distribution of outliers is asymmetric, with far more observations showing implausibly
high sex ratios than implausibly low ones, consistent with systematic miscoding of females
as males.

We verify that the divergence between the birth registry and census sex ratios cannot
be explained by sex differences in child mortality or sex-biased migration. Adjusting
census sex ratios for differential male-female child mortality closes only a small fraction
of the gap, and the number of native-born individuals enumerated in the census closely
matches birth registry totals once child deaths are accounted for, ruling out large-scale
differential out-migration.

The nature and origin of the errors suggest they arose during the processing of birth
records at the Spanish Statistical Office (Instituto Nacional de Estadistica, INE). First,
for some years (1975 to 1982), preliminary statistics published before the final figures were
released show sex ratios closer to normal levels, suggesting that the errors were introduced
during the finalisation of the records rather than their initial recording. Second, the
errors are not confined to sex data: our analysis of outlier observations shows they are
much less likely to contain information on variables that should be routinely recorded,
such as birth weight, and previous work has documented large inconsistencies in the
birth order variable in the same database (Devolder et al. 2010), consistent with broader
data processing failures. Third, the timing of the errors, which begin appearing around

1975, coincides with the introduction of computer systems for data processing at INE,



suggesting a mismanaged digital transition. The anomaly also appears to intensify around
1980, possibly coinciding with a change in the statistical bulletin form.

Our findings have important implications. First, we show that the “missing women”
in Spanish birth statistics are a data artifact rather than evidence of biological or
behavioural patterns, offering a new perspective on a long-standing demographic puzzle
(Gutiérrez-Adén et al. 2000, Sadnchez Barricarte 2023, Echavarri & Beltran Tapia 2025).
Based on census data for children born in Spain, adjusted for differential child
mortality, we estimate that the true sex ratio at birth during this period was around
106 boys per 100 girls, consistent with what is typically observed in other Western
countries during the same period. Second, since these are the figures reported to
international aggregators such as the UN Demographic Yearbook, the World Health
Organisation, and Eurostat, cross-country studies exploring determinants of sex ratios
may be contaminated by erroneous Spanish data (e.g. Grech et al. 2003, Bongaarts &
Guilmoto 2015, Alesina et al. 2018, Chao et al. 2019). Last, our work provides a
cautionary tale on the reliability of administrative data and recommends that statistical

agencies validate and, where necessary, flag or correct records.

2 Institutional Context

In Spain, all births must be registered at the Civil Registry (Registro Civil) within a
few days of the date of birth. Registration occurs at the office corresponding to the
place of birth, though since 2015 it can be completed directly within hospitals. At
the time of registration, parents complete a statistical bulletin recording demographic
information about the newborn — including sex — as well as parental characteristics
such as age, province of residence, and marital status. This bulletin is separate from
the legal registration document and is designed specifically for statistical purposes. We
reproduce the form used during 1981-1994 in Appendix Al. Statistical bulletins flow
from local Civil Registry offices to regional statistical institutes, which handle initial
processing, coding and data cleaning before transmitting records to INE’s central offices
(Judrez 2014).

INE compiles these bulletins into official birth statistics.! Until 1975, data were

!Detailed information on these statistics is available at https://www.ine.es/dynt3/metadatos/en/
RespuestaPrint.htm?oper=307.
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collected and tabulated manually; computerised systems were introduced that year
(Devolder et al. 2010). Individual birth records have been publicly available since 1975,
with aggregate statistics compiled in the Movimiento Natural de la Poblacion dataset

and published annually in INE’s Anuario Estadistico de Espania.

3 Empirical Analysis

We begin by documenting the anomalous sex ratios in the birth registry and comparing
them against census data. We then examine whether the divergence between the two
sources can be explained by differential child mortality or sex-biased migration, before
turning to direct evidence of coding errors in the microdata. All analyses draw on publicly
available data from INE and full details on sources and construction are provided in the

Data Appendix (Appendix B).

3.1 Sex ratio in the birth registry

We start by analysing the temporal evolution of the sex ratio in Spain between 1960
and 2020, relying on the aggregate annual figures reported by the INE on the number of
male and female births. These data constitute Spain’s official birth statistics, are used
in demographic research, and are reported to international organisations. As shown in
Figure 1, the Spanish sex ratio, as reported in the birth registry, shows a sudden spike
after 1975, reaching 109 boys per 100 girls in 1981. These unusually high ratios persist
well above the expected biological range of 105-106 throughout the 1980s and 1990s,

declining only gradually before returning to normal levels around 2000.
— Figure 1 around here —
To place this anomaly in international context, Figure 2 compares Spain’s sex ratio

with those of other countries using UN data. According to these records, by 1982, Spain

had the highest sex ratio at birth among major countries.?

2Spain had the highest sex ratio among countries with populations above 250,000. Qatar, San Marino,
Solomon Islands, Palau, Brunei, Andorra, and Iceland — all with smaller populations — reported higher
ratios. For very small populations the variance of the sex ratio is high and extreme values are more likely
to reflect sampling variation than a true demographic pattern.



— Figure 2 around here —

3.2 Sex ratio in Spain: birth registry vs. census data

To investigate whether the elevated sex ratios in the birth registry reflect a real
demographic phenomenon, we compare them against census data, an independent
source that counts the resident population directly rather than relying on birth record
processing.

Spanish censuses are conducted every ten years and provide comprehensive
information on the resident population, including age and place of birth. We use
publicly available census data covering the period 1970-2021. For each census year, we
calculate the sex ratio of children at each age, allowing us to construct cohort-specific
sex ratios for those born in the preceding decade. The census captures the realised sex
ratio in the population. Any divergence between the two series should, in principle, be
fully explained by sex differences in mortality or migration in the intervening years,
provided both sources are measured without error.

Figure 3 compares sex ratios as measured in the birth registry with those observed in
census data for cohorts born between 1960 and 2020. A large divergence between the two
sources is evident from approximately 1975 to 2000. While the birth registry reports sex
ratios well above the expected range of 105-106 boys per 100 girls, peaking at 109 boys
per 100 girls in 1981, census data from the same cohorts show sex ratios much closer to
the expected biological range — 105 to 106. The two data sources align closely both before
1975 and after 2000, suggesting the problem is not systematic undercounting of female

births across all periods, but rather a specific issue affecting the 1975-2000 window.
— Figure 3 around here —
Next, we examine whether this divergence could reflect real demographic differences

rather than data errors. We consider two possibilities: sex differences in child mortality

and sex-biased migration.



3.2.1 Differential child mortality

Since male child mortality typically slightly exceeds female mortality at every age, the
census sex ratio among survivors is likely to understate the sex ratio at birth.®> We adjust
for this by multiplying the census sex ratio by the ratio of female to male cumulative
survival probabilities: §f{adj = SR®™" x (gfemale / Smale), where S, is estimated from INE
mortality tables.* As shown in Figure A2, the adjustment substantially narrows the gap
for cohorts born in the late 1970s, but leaves it largely unchanged for cohorts born in the
1980s and 1990s. In either case, the implied correction is far too small to explain a 2-3

percentage point divergence between the two sources.

3.2.2 Sex-biased migration

To address potential sex-biased immigration, we restrict the census to individuals born
in Spain. This yields sex ratios virtually identical to those of the full census sample, well
within the normal biological range, leaving the gap with the birth registry essentially
unchanged (Figure A3).

To assess the potential impact of sex-biased emigration, we compare the number of
individuals born in Spain who appear in the census with total births recorded in the
birth registry for the same cohort. While we cannot directly observe the number or sex
composition of emigrants, this comparison provides an indirect estimate of the overall
scale of out-migration. A retention ratio close to 1 would indicate that out-migration was
too limited in scale to explain the divergence. As shown in Figure A4, once estimated
child deaths are added back, the adjusted ratio averages around 0.98, suggesting that at
most 2% of those born in Spain may have emigrated before the census. For sex-biased

emigration to explain a 2—-3 percentage point divergence in sex ratios, virtually all of these

3Throughout this section, “child mortality” refers to mortality at ages 0-10. Age-0 mortality (infant
mortality in the strict demographic sense) accounts for the largest share of the correction, with the
remaining ages contributing progressively smaller increments.

4For the cohort born in 1981 and observed in the 1991 census at age 10, the estimated survival
probabilities are 0.987 for girls and 0.982 for boys, yielding an adjustment factor of 1.005 — raising the
census sex ratio by roughly 0.46 percentage points. For the cohort born in 1990 and observed in the
same census at age 1, the factor is only 1.002 (survival probabilities of 0.993 for girls and 0.991 for boys),
an uplift of 0.16 percentage points. The difference reflects both the shorter exposure window and the
steep decline in child mortality over the decade. Averaged across all cohorts, the adjustment raises the
census sex ratio by 0.43 points for the 1981 census, 0.28 for 1991, 0.14 for 2001, 0.08 for 2011, and 0.05
for 2021 — an order of magnitude smaller than the observed divergence between the two sources.

5The native-born sample is available from the 1991 census onwards, but country of birth is not
provided in publicly available tables in earlier censuses.



emigrants would need to have been male — a degree of sex bias that is implausible and

unsupported by any evidence.®

3.3 Evidence of coding errors

The census comparison suggests that the birth registry sex ratios are implausible, but it
does not identify the source of the error. We now examine the microdata directly to
characterise the nature of the anomalies. We present three pieces of evidence. First, sex
ratios exhibit implausibly large variation across months within the same province.
Second, outlier province-month cells with anomalously high male shares also show
unusually high rates of missing birth weight data, consistent with a mechanical coding
error that corrupted multiple consecutive fields on the registration form. Third,
provisional statistics published shortly after the reference year show systematically
lower sex ratios than the final series, and the extreme provincial outliers present in the
official microdata are absent from the provisional data, suggesting part of the errors

were introduced during the finalisation of the records rather than their initial recording.

3.3.1 Implausible monthly variation in sex ratios within provinces

We use the birth registry microdata to examine the nature and distribution of the
anomalies more closely. Importantly, the aggregate statistics are fully consistent with
the microdata, ruling out the possibility that the errors were introduced during
aggregation and confirming that they are present at the level of individual records.

If the elevated sex ratios in the birth registry reflected real biological or behavioural
patterns, we would expect relatively smooth variation across months within provinces.
However, as we show below, we find extensive evidence showing that the variation across
months within the same province is implausibly large.

Figure 4 illustrates this pattern for three provinces. The shaded areas represent 99%
confidence intervals based on the mean in all other Spanish provinces for that year. Note
that this approach is conservative: the national average itself is likely inflated by the

very errors we seek to detect, making it harder to identify outliers. The most extreme

6The adjusted ratio slightly exceeds 1 for some birth years in the early 1980s. This is consistent with
evidence of under-registration of births in the province of Barcelona during that period (Devolder et al.
2010): if some births went unrecorded in the registry but the children were nonetheless enumerated in
the census, the denominator would be understated and the ratio would exceed 1.



cases are Teruel and Valladolid. In Teruel, the sex ratio is within normal ranges in 1977
and the beginning of 1978, around 1.07 boys per girl, and then suddenly increases to
over 3 boys per girl between April and October, before returning to normal levels. The
probability of observing a ratio so extreme in any month just by chance is below 1078
under a standard binomial model.” Valladolid exhibits even more dramatic swings: in
1982, the sex ratio rises to over 8 boys per girl in March and April, before returning to
normal levels in surrounding months. The probability of observing a ratio so extreme just
by chance is essentially zero (p-value< 1077°).8 Other provinces show anomalies that,
while less extreme, remain biologically implausible. In Barcelona — a large province
where sampling variation should be minimal — the sex ratio rises to 1.33 boys per girl in
January 1984 and 1.29 in March 1984, before returning to normal levels in surrounding

months, with p-values below 1071 and 10~ respectively.”?

— Figure 4 around here —

The examples above are not isolated cases. To assess the prevalence of anomalies
systematically, we compute a z-score for each province-month cell and we test how many
province-month observations deviate significantly from the year-specific national average
between 1975 and 2000.'° Under the null hypothesis of no systematic error, these z-scores
should be approximately normally distributed.

Panel A in Table 1 reports the expected and observed frequencies of extreme
observations at various significance thresholds. Our sample comprises 16224
province-month observations. At the most extreme threshold (p<0.0001), we would

expect approximately 1 observation in each tail by chance alone. Instead, we observe 27

"In Teruel in 1978, the average number of births per month was 137. Given the sex ratio observed in
the rest of Spain that year (1.072), the probability of observing a sex ratio exceeding 3 boys per girl in
a sample of this size has a two-tailed p-value of 3.1 x 1078,

8In March 1982, 446 males were registered against only 53 females in Valladolid (499 births total).
Given the sex ratio observed in the rest of Spain that year (1.088), the two-tailed p-value of observing a
sex ratio exceeding 8 boys per girl in a sample of this size is below 10770,

9In January 1984, 2,191 males were registered against 1,645 females in Barcelona (3,836 births total).
Given the sex ratio observed in the rest of Spain that year (1.079), the two-tailed p-value of observing a
sex ratio this extreme in a sample of this size is 1.0 x 10710, In March 1984, 2,266 males were registered
against 1,750 females (4,016 births total), with a two-tailed p-value of 9.9 x 1077,

19For each province-month, we compute a z-score as z = “22—%_ where 7y, is the observed sex ratio
in province p and month m, 7, is the national average for year y, and oy, is the standard error based
on the number of births in that province-month, assuming a binomial distribution.



— over an order of magnitude more than expected — indicating systematic data quality
problems.

The outliers are not randomly distributed: they are heavily skewed toward implausibly
high sex ratios. At p<0.0001, we observe 24 observations in the right tail versus only
3 in the left. At p<0.001, we observe 45 right-tail outliers versus 19 in the left tail —
more than twice as many. If the excess outliers reflected random measurement error,
we would expect roughly equal numbers in both directions. The one-directional pattern
points instead to systematic miscoding of females as males, which would bias aggregate

sex ratios upward.

— Table 1 around here —

If the anomalies in the birth registry reflected real demographic patterns, we would
expect similar irregularities in the census. Table A1l in the Appendix shows this is not
the case: the distribution of outliers in census data is symmetric and consistent with
random variation, both for 1981-2000 (Panel A) and for 2001-2020 (Panel B).!' This
reinforces our interpretation that the unusually high sex ratios are data artifacts rather
than genuine demographic phenomena.

Finally, the pattern of outliers in the birth registry changes substantially after 2000:
the distribution becomes symmetric and the observed frequencies align closely with what
would be expected under random variation alone (Table A1, Panel C). Whatever caused
the coding errors seems to have eventually been corrected.

We assess whether removing the obvious anomalies would suffice to reconcile the
birth registry with census data by excluding the 63 province-month observations with
p-values below 0.001: 45 in the right tail (excessively high sex ratios) and 19 in the
left tail (excessively low sex ratios). Figure A6 compares the raw national sex ratio
series against the cleaned series. Removing the extreme outliers reduces the magnitude
of the anomaly, particularly during the peak years of 1981-1982, but the cleaned series
remains substantially above the expected range of 105-106 throughout 1975-1995. Thus,

' To conduct this analysis at the province-month-year level, we use census microdata samples rather
than aggregate tabulations. The microdata are available for censuses from 1991 onwards, with sampling
rates of 2% (1991), 5% (2001), 10% (2011), and 10% (2021). Our sample comprises 11.6 million individual
records, which we collapse into approximately 24,000 province-by-month-by-year-of-birth cells covering
births from 1981 to 2020.
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the problem extends beyond the most severe cases. Many smaller errors — individually
undetectable but still systematically biased toward recording females as males — likely

pervade the data.

3.3.2 Missing information on birth weight

Further evidence of a systematic coding error comes from the birth weight field, which
immediately follows the sex field on the statistical bulletin (see Figure Al). We define
as outlier cells those province-month-year combinations that, as documented in Table 1,
exhibit implausibly high sex ratios with a p-value below 0.001. Table A2 regresses an
indicator for missing birth weight on outlier status and a male indicator, controlling for
province x year and month fixed effects — so we are effectively comparing anomalous
months against other months in the same province and year, accounting for seasonal
patterns. On average, around 16% of observations have missing weight information, with
outlier cells showing a significantly higher rate, 2.8 percentage points more (column 1).
Column 2 shows that within outlier cells, observations coded as male are 97% (11.4
percentage points) more likely to have missing weight than those coded as female (p <
0.001). The same underlying data entry failure that miscoded the sex field might have
also disrupted the recording of the weight field — consistent with a mechanical error that
corrupted multiple consecutive fields on the statistical bulletin simultaneously, rather

than an isolated error confined to the sex variable alone.

3.3.3 Provisional vs. final birth registry data

Additional support for the hypothesis that the high sex ratio is largely due to data
processing comes from comparing provisional and final INE statistics. Between 1975 and
1982, INE published provisional birth counts in the Annual Statistical Yearbook (Anuario
FEstadistico de Espana) approximately one year after the reference year.!> As shown in
Figure A5, the sex ratio in the provisional series is consistently below the official series in
every year, with an average difference of 0.9 percentage points (p-value < 107%), and the
gap is particularly pronounced in 1981 and 1982, where it reaches 2.2 and 1.5 percentage

points respectively.

12 After 1982, provisional estimates were published with a lag of two to three years and converge closely
to the final estimates, making a comparable analysis unavailable for later periods.

11



Relative to the provisional series, the final one records approximately 1% more births.
However, for these additional births alone to explain a 0.9 percentage point difference
in sex ratios, they would need to be almost entirely male — an implausible degree of
selection. While the provisional series is not available at the province-month level, the
province-year totals show no trace of the extreme outliers documented in the official
microdata. In Teruel in 1978, the official records register 1,085 boys against 561 girls —
a sex ratio of 1.93 — whereas the provisional data report 817 boys and 799 girls, a ratio
of 1.02 that falls squarely within the normal biological range. Similarly, in Valladolid in
1982, the official records show 3,861 boys against 2,600 girls (sex ratio of 1.49), while
the provisional data report 3,229 boys and 3,042 girls (sex ratio of 1.06). The divergence
between the two series suggests that the imbalance was largely introduced during the
finalisation of the records rather than their initial recording, though the provisional figures
themselves occasionally exceed 107 boys per 100 girls, hence the errors may have begun

earlier but intensified at the finalisation stage.

4 Conclusion

Our analysis shows that the anomalous sex ratios in Spanish birth registry data from
1975 to 2000 are an artifact of systematic coding errors. Based on census data for
children born in Spain, adjusted for differential child mortality, the true sex ratio at
birth during this period was around 106 boys per 100 girls, consistent with the
biological norm. A remaining question concerns the precise origin and mechanics of the
error. The timing points to the introduction of computerised data processing at INE in
1975, and the divergence between provisional and final records suggests the errors were
introduced or amplified during the finalisation stage rather than at initial registration.
The anomaly also appears to intensify around 1980, possibly coinciding with a change
in the statistical bulletin form, which may have altered the coding of the sex variable in
ways that interacted poorly with the existing processing pipeline. The asymmetric
nature of the errors — consistently biased toward recording females as males rather
than introducing symmetric noise — points to a specific, directional coding failure,
perhaps a systematic misreading or misassignment of a particular code value during

data entry or format conversion. Yet we cannot determine the precise mechanism, nor
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why it persisted for roughly two decades before apparently resolving itself. Answering
these questions, and potentially recovering the original figures, would require access to
internal processing documentation and intermediate data files that lie beyond the reach
of external researchers.

This has important implications for the literature exploring sex ratios in Spain during
this period: earlier findings attributing them to biological or behavioural factors can
largely be explained by erroneous data rather than true demographic phenomena. It
also affects the validity of cross-country analyses of sex ratios that draw on Spanish data
via international aggregators such as Eurostat, the WHO, and the UN. Notably, the
UN Population Division classifies the Spanish birth registry as “high quality”, making it
unlikely that researchers would suspect underlying data issues (e.g. Chao et al. 2019).13

The Spanish case provides a cautionary tale about the reliability of administrative
data. Administrative records are not exempt from systematic errors, however
prestigious their custodians may be. Researchers bear some responsibility for verifying
the internal consistency of the data they use and, where possible, cross-checking them
against alternative sources.  But the primary responsibility ultimately lies with
statistical agencies themselves, who have access to the underlying records, the technical
resources, and the institutional mandate to detect and correct such problems. We
recommend that statistical agencies ensure that routine internal validation checks —
such as flagging implausible variation in key variables across geographic units or time
periods — are applied consistently. In the present case, a simple check on the variance
of provincial sex ratios would have immediately identified the anomalous figures. When
correcting errors is no longer feasible, the minimum requirement is transparency:
flagging the affected years in the published data and accompanying them with a

methodological note would at least prevent future misinterpretation by researchers.!4

13This view was not limited to international institutions. Sdnchez Barricarte (2023), in a detailed study
of the historical evolution of sex ratios in Spain, explicitly states, referring to the period 1975-1995, that
“the high quality of the Civil Registry data from those years is beyond any doubt” (p. 146, translation
ours), before proceeding to analyse the anomalous figures as a genuine demographic phenomenon.

14In correspondence with INE regarding the anomalous figures documented in this paper, we were
informed that the published data ‘constitute the official information available for that period’ and that
retrospective revision ‘is not viable in practice’. As of the time of writing, no methodological note or
data quality warning accompanies the published series to alert users to these limitations.

13
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Figures

Figure 1: Sex ratio in Spain, 1960-2020
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Notes: Male to female sex ratio in Spain, as measured by birth registry data from INE (2024d).

Figure 2: Sex ratio at birth, 1982
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Notes: UN, World Population Prospects (2024) — processed by Our World in Data (2024).
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Figure 3: Sex ratio in Spain, birth registry vs Census, 1960-2020
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Notes: Sex ratio in Spain as measured by birth registry data (2024d) and census data for 1970-2021
(2025).
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Figure 4: Implausible monthly variation in sex ratios: selected cases
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(2024c¢). The shaded area represents the 99% confidence interval based on the mean in all other Spanish

provinces for that year.
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Tables

Table 1: Expected and observed number of outliers in birth registry data, 1975-2000

Left tail Right tail

(more girls) (more boys)
Expected Observed Ratio | Expected Observed Ratio
p<0.01 81 126 1.56 81 139 1.72
p<0.001 8 19 2.38 8 45 5.63
p<0.0001 1 3 3.00 1 24 24.00

Notes: Expected vs. observed frequency of extreme sex ratio values in province-month data based on
birth registry microdata from INE, 1975-2000 (2024c). For each province-month, the reference mean
is the population-weighted national average computed excluding the focal province. Two-tailed test;
each tail contains half the expected proportion under the null. “Right tail” refers to observations with
unusually high sex ratios (more boys than expected); “left tail” refers to unusually low sex ratios (more

girls than expected).
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A Additional Figures and Tables

Figure A1l: Example of statistical bulletin form
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Residencia: MUNICIPIO .......cuuuiirecicerre it iecece e craae e eeeessns e e e eesteeernnnnnsnraens Provincia
Namero de hijos nacidos con vida que ha tenido o este parto
El hijo anterior a este parto nacido con vida, nacié el dia ........cccceevvrenees e @0 19 L
{Esté casada? St D‘ NO D2 ¢Ests casa’a en primeras nupcuas7 @ Sl D 1 NOD 2
Fachadel actual io: dia mes . afio 19 N

: p DATOS DEL PADRE
Fecha de nacimiento: dia ............. mes afio 19 ...
F , oficio u TON PIINCIPA] ..cveiiicricneinniiccssciaesesisbe e siessnessansreeentessansseessasssesesaessasstsssn s essssbesnsmsnes

Semanas cumplidas '
de gestacién.

Normalidad @ %

— O
L. 1.

Distocico
(Con com

L. ! . ||
DL

(5 J R
DL |

O 11
L[

- I R

(o T

plicaciones) D 2

DATOS DEL NACIMIENTO O DEL ABORTO

Se rellenard un recuadro por cads nacido vivo o muerto. EN CASO DE PARTO MULTIPLE CONTINUESE AL DORSO

Se. Varén
x0 Mujer

Nacié con vida
Nacié muerto

@[E]hz ®D2 V|VI6m;sde24horas 3ﬁ:°®53

Si nacié muerto o vivié menos de 24 horas, indfquese ta causa fundamental def aborto o de la muerte
Causa materna o del parto.
Causa del feto o del recién nacido

Peso en gramos

SELLO DEL REGISTRO CIVIL FIRMA DEL DECLARANTE

{*) Cuando se trate de un nacido muerto o fallecido antes de las 24 horas de vida MEDICO CO!

'FIRMA DEL MEDICO (*)

LEGIADO CON EL N .....overeereerennnns

BOLETIN MUNICIPAL DE NACIMIENTOS

DATOS DE LOS NACIDOS VIVOS

Municipio donde ocurrié el parto: Provincia.
Nombre del 187 nacido
“ 20 "
30
" 40
" e

Sexo (V 6 M).

" 187 Apellido

mes.

DATOS DEL PADRE

Fecha del parto: dfa.

Nombre ................ 18" Apeilido . rreserreresees e e neennn- 20 Apellido..........
Fecha de nacimiento: d{aA. ..afio 19.......... FIRMA DEL DECLARANTE
Domlclho .
Residencia M
Provincia(") . (**}.
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Source: https://www.ine.es/metodologia/t20/cues_nac_81-94.pdf
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Figure A2: Sex ratio in Spain, birth registry vs. Census, adjusting for mortality
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Notes: Grey line: sex ratio at birth (boys per girl) from the birth registry. Coloured series: sex ratios
implied by the 1981, 1991, 2001, 2011, and 2021 censuses for birth cohorts in the ten years preceding each
census (five years for 1981) from INE 2025. Dashed lines show raw census sex ratios among survivors;
solid lines show ratios adjusted for differential male/female child mortality using data from INE 2024¢

as described in text.

Figure A3: Sex ratio in Spain, birth registry vs. Census for sample born in Spain
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2025. Dashed lines show census sex ratios for all residents; solid lines show census sex ratios restricted

to individuals born in Spain.
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Figure A4: Census coverage of native-born children relative to birth registry, 1981-2000
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Notes: The figure plots, for each birth year, the ratio of individuals born in Spain enumerated in the
census (INE, 2025) to total births recorded in the birth registry (INE, 2024d). Dashed lines show the
unadjusted ratio; solid lines add back child deaths (ages 0-10) during the corresponding period to the
census count. Birth years 1981-1990 are observed in the 1991 census; birth years 1991-2000 in the 2001

census.

Figure A5: Sex ratio in Spain, provisional vs official birth registry, 1975-1986
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Notes: Sex ratio in Spain, 1975-1982, as measured by official birth registry data from INE (2024d) and
by provisional estimates from the Annual Statistical Yearbook from INE (2024a).

24



Figure A6: Sex ratio at birth: raw data vs. outliers removed, Spain 1975-1990
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Notes: Sex ratio in Spain comparing raw birth registry data from INE (2024d) with data after removing
64 province-month observations with p-values below 0.001 (45 above the year average, 19 below). The

dashed line indicates the expected sex ratio of 1.06 (106 boys per 100 girls).
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Table Al: Expected and observed outliers: census data (1981-2020) and birth registry
(2001-2020)

Left tail Right tail

(more girls) (more boys)

Panel A: Census data, 1981-2000
Expected Observed Ratio | Expected Observed Ratio

p<0.01 62 43 0.69 62 38 0.61
p<0.001 6 2 0.33 6 2 0.33
p<0.0001 1 0 0.00 1 0 0.00

Panel B: Census data, 2001-2020
Expected Observed Ratio | Expected Observed Ratio

p<0.01 62 68 1.10 62 52 0.84
p<0.001 6 7 1.17 6 4 0.67
p<0.0001 1 1 1.00 1 0 0.00

Panel C: Birth registry data, 2001-2020
Expected Observed Ratio | Expected Observed Ratio

p<0.01 59 68 1.15 59 56 0.95
p<0.001 6 7 1.17 6 7 1.17
p<0.0001 1 1 1.00 1 0 0.00

Notes: Expected vs. observed frequency of extreme sex ratio values. Panels A and B show estimates from
census data ((2024b) for 1981-2000 and 2001-2020 respectively, based on microdata samples (2% in 1991,
5% in 2001, 10% in 2011 and 2021), comprising 11.6 million individuals collapsed into approximately
25,000 province-month-year cells. Panel C shows estimates from birth registry data for 2001-2020 from
INE (2024¢). Two-tailed test using year-specific Spanish average as baseline. “Right tail” refers to
observations with unusually high sex ratios (more boys than expected); “left tail” refers to unusually low

sex ratios (more girls than expected).

26



Table A2: Correlates of missing information of birth weight

Missing weight data =1

Male 0.003%** 0.003*+*
(0.000) (0.000)
Outlier 0.028%* -0.04 1%
(0.013) (0.012)
Outlier x Male 0.114%%*
(0.019)
Province x Year FE Yes Yes
Month FE Yes Yes
Mean 0.160 0.160
N 7,634,351 7,634,351

Notes: Sample includes births from 1980 to 2000 from official birth registry microdata (2024c¢). The
outcome variable is a dummy equal to 1 if birth weight was not recorded. QOutlier is a dummy equal to
1 if the sex ratio in a province-month-year cell falls outside the 99.9% confidence interval relative to the
population-weighted national average in that year, computed excluding the focal province. All columns
include province x year and month fixed effects. Standard errors are clustered at the province-month-year

level.
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B Data Appendix

B.1 INE birth registry — official figures

Our main focus is the publicly available official birth registry data as provided by INE.
These data are extensively used in research and are the figures reported to international
data aggregators.

We use information from the aggregate series reporting the number of births by sex,
province of residence of the mother, and year from 1960 to 2020 to compute annual sex
ratios at the province and national level (INE, 2024d).

We use individual-level microdata to compute monthly sex ratios at the province level
for 19752020 and explore the attributes of outlier observations. These data are available
from 1975 and record each birth with information on sex, province of inscription, month

and year of birth, as well as parental characteristics including age, occupation, and birth

order (INE, 2024¢).

B.2 INE birth registry — provisional figures

We also digitise publicly available aggregate statistics from the Annual Statistical
Yearbook (Anuario Estadistico de Espatia), which report provisional births by sex,
province, and year for the period 1975-2000 (INE, 2024a).!> These provisional figures
are published with a lag relative to the reference year: up to 1982, the provisional tables
were published the year following the reported births; from 1983 onwards, the

publication lag increases to two years.

B.3 Census

We compare the birth registry data with aggregate publicly available population census
data from INE (2025) for 1970, 1981, 1991, 2001, 2011, and 2021. Spanish censuses are
conducted decennially.’® For each census, we compute the sex ratio of children by single

year of birth, covering the ten birth cohorts born in the decade preceding the census.

Data for 1995 are not available.
16The reference dates are: 31 December 1970, 1 March 1981, 1 March 1991, 1 November 2001, 1
November 2011, and 1 January 2021.
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This allows us to compare the sex ratio recorded at birth in the registry with the sex
ratio of survivors observed at the census date.

In addition to this aggregate data, we use microdata samples from INE (2024b). The
samples account for 2% of the population in 1991, 5% in 2001, 10% in 2011 and 2021,
comprising 11.6 million individuals, to compute province by month sex ratios used in

panels A and B of Table Al.

B.4 Mortality data

To construct mortality-adjusted comparisons between the birth registry and the census,
we use data on mortality rates by single year of age (ages 0-10), sex, and calendar year
for the period 1975-2024, sourced from INE (2024¢). For each birth cohort B observed
at census year C'; we compute the cumulative probability of surviving from birth to the
census date as the product of one-year survival probabilities across ages 0,1,...,C—B—1,
where the mortality probability at each age is taken from the calendar year in which the
cohort passed through that age. The mortality-adjusted sex ratio is then obtained by
multiplying the census sex ratio by the ratio of female to male cumulative survival, which
corrects for the fact that male mortality exceeds female mortality at every age, causing
the census to understate the sex ratio at birth. We apply this adjustment for the censuses

of 1981, 1991, 2001, 2011, and 2021, covering birth cohorts from 1976 to 2020.
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