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Abstract
BACKGROUND: Pakistan has a strong preference for boys over girls; previous evidence on sex
preference is primarily reported at the postnatal stage in which the child mortality rate is higher for
females than males. Prenatal sex discrimination in Pakistan, reflected in the inflated sex ratio at birth
(SRB; ratio of male to female births) has been barely mentioned before this study.
OBJECTIVE: We estimate the SRB and missing female births in Pakistan provinces from 1980 to
2020 and identify provinces with imbalanced SRB. We provide scenario-based projections of missing
female births in provinces without the existing SRB inflation.
METHODS: An extensive SRB database of 832,091 birth records was compiled from all available
surveys and censuses. To synthesize different data sources and provide annual estimates and their associated uncertainties of SRBs across provinces, we adopted a Bayesian hierarchical time series model.
RESULTS: As per our model, Balochistan has had SRB imbalance since 1980. The maximum
SRB was estimated as 1.121 (95% credible interval [1.066; 1.142]) in 1997. Assuming different start
year of SRB inflation process in provinces without existing imbalance, the largest female birth deficit is
projected to be 76.2 thousand in Punjab in 2033 when the SRB inflation starts in 2021.
CONTRIBUTION: This is the first study on estimating the SRB from 1980 to 2020 and providing
scenario-based projections of missing female births up to 2050 by Pakistan province. We identified the
Balochistan province with imbalanced SRB and demonstrated important disparities in the occurrence
and quantity of female birth deficits before 2050.
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Introduction

The annual measure of sex ratio at birth (SRB; ratio of male to female births) is not only required for
population estimation and projection but also reflects the persistent social, cultural, political, and economic
discrimination against women [1, 2]. SRBs are distorted from their natural levels in several countries,
primarily clustered in South Asia, Eastern Asia, and Eastern Europe. The imbalanced values reach as high
as 1.2 (i.e. 120 male births per 100 female births) in certain regions [3, 4, 5, 6, 7, 8, 9, 10, 11]. SRB is the
prime indicator of prenatal sex discrimination and sex imbalance in human populations. Distortion in the
SRB has been primarily attributed to three interlinked factors [2, 10]: 1) son preference; (2) technological
advances in prenatal diagnosis; and (3) preferences for smaller family size and consequent fertility decline.
In countries having a patrilineal culture and shrinking family size, when prenatal sex determination and
abortion technology are available, couples practice sex-selective abortion to secure at least one son in the
family. The SRB in such populations is male-biased. SRB imbalance has been reported in 12 countries/areas
in the world since 1970 [11].
Pakistan is a country that has a strong preference for sons [12, 13, 14, 15]. Preference for male birth
in Pakistan stems from lineage, economic and social conditions, caste, and identity. At least one son in a
strongly patrilineal society is considered to be important for living arrangements in old age. One study suggested that the ideal family size in Pakistan (four children) has remained constant since the 1970s; moreover,
the ideal sex composition of the children is more than one son [16]. Son preference is evidenced by the
excess mortality of female children over male children under five years old in Pakistan, indicating possible
differential treatment between girls and boys in this age group [17, 14]. The education attainment gap between females and males is large in Pakistan. Between 2017 and 2018, 30% of young women (age 15–24)
completed middle or higher education compared to 50% of young men [18]. Between 2018 and 2019, 36%
of girls (age 5–16) were out of school versus 25% of boys [19]. However, little evidence of prenatal sex
preference has been reported in Pakistan. Previous studies identified no imbalanced SRB at the national
level [20, 11]. Other studies suggested that, among couples in Pakistan, the desire for a large family might
dominate preferences for the children of a certain type [21]. High prevalence of sex-selective abortion was
identified in two rural districts in Balochistan province [22]. However, the above-mentioned results are based
on survey data with small sample sizes.
The national-scale levels and trends in SRB can mask the disparity among sub-regions in a country. Even
in countries such as China and India with overall strong preference for sons, the SRB is not imbalanced in
every province or state [23, 24, 25, 26]. In Pakistan, a subnational-level assessment of SRB is important
because the demography, socioeconomic status, and cultures (i.e., caste, and ethnicity) are considerably
heterogeneous. The latest estimates from the Pakistan Demographic and Health Survey (DHS) 2017–18
revealed a high heterogeneous SRB across provinces: a high inflation at 1.16 in Balochistan, a roughly
normal SRB in Punjab at 1.05, and a female bias in Sindh and Khyber Pakhtunkhwa (SRB is 0.91 and 0.95
respectively) [18]. To our knowledge, no study has provided the annual estimates of the provincial SRB in
Pakistan using all available data since 1980. To accurately determine whether the SRB is imbalanced in
Pakistan; if so, where the imbalance occurs, it is essential to estimate the SRB on the subnational level.
Estimating the SRB in Pakistan is challenging for two reasons. First, limited data are available on birth
histories in the past. In the absence of a fully developed vital registration system in Pakistan, administrative
birth records are lacking and vital events are mostly estimated based on household surveys. Only few sample
surveys provided the birth histories over different time periods since the 1990s. Second, the data quality
of census counts is typically low because of age heaping [27]. In historical census data, the number of
children ever born in Pakistan is either unavailable or is unreliably reported. For example, birth histories
were not collected in the 1981 Pakistan census [28]. Accordingly, the individual level data of the three
most recent censuses in Pakistan (conducted in 1981, 1998 and 2017) contain only the populations of boys
and girls under one year old. The SRB data from sample surveys such as Pakistan DHS are suffering from
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large uncertainties because of the small sample sizes and misreporting of female births. Given the lack of
reliable administrative birth data in Pakistan, it is crucial to estimate the levels and trends in the SRB by a
reproducible statistical model.
Figure 1 illustrates the large uncertainty in SRB observations on natinal and provincial levels. It shows
the observed SRB from Pakistan 2021–13 and 2017–18 DHSs on the national and provincial levels. In
data series Pakistan DHS 2012–13, the national SRB observations range from 0.405 in year 1976 to 1.195
in year 2003. The average sampling error associated with these observations is 0.098, corresponding to
13% of the observation values. On the provincial level, the SRB observations have a wider range with
greater uncertainties because of smaller sample sizes. The smallest provincial SRB observation is 0.290 in
Balochistan in year 1979 and the biggest value is 2.134 in Balochistan in year 1984. The average sampling
error associated with the provincial observations is 0.131, corresponding to 12% of the observation values.
Similarly, for Pakistan DHS 2017–18, the observed SRB on national and provincial levels range from 0.914
to 1.439 and from 0.079 to 2.363, respectively. The average sampling errors are 0.100 and 0.172 for national
and provincial data, respectively.
In this study, we estimate SRBs among provinces of Pakistan from 1980 to 2020 and provide scenariobased projections to 2050 using a reproducible Bayesian statistical model. In addition to estimating the
levels and trends in provincial SRBs, the model detects the existence and transition process of the sex ratio
imbalance. Based on the SRB imbalance results of the Bayesian hierarchical time series model, we compute
the number of missing female births over time in provinces with imbalanced SRB. Our study included seven
provinces of Pakistan: Balochistan, Khyber Pakhtunkhwa, Punjab, Sindh, Gilgit Baltistan, Islamabad (ICT),
and Azad Jammu and Kashmir. The results for Federally Administered Tribal Areas are omitted because of
the unavailability of the longer time series data on SRB.
The reminder of this paper is organized as follows. Section 2 summarizes the database compiled for
statistical modeling, and Section 3 summarizes the Bayesian statistical model used for provincial SRB estimation and post-modeling process (identifying provinces with imbalanced SRB and calculating the number
of missing female births). Section 4 shows the SRB results by province, the provincial SRB imbalances,
the corresponding missing female births, and the scenario-based missing female birth projections. Section 5
summarizes the primary contributions and limitations and concludes the study.
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Data

Table 1 summarizes our database of provincial SRBs in Pakistan, with 531 SRB data points available in eight
provinces of Pakistan. The reference years of these observations range from 1965 to 2019. The database
contains 832,091 birth records.1 The SRB observations were generated from the individual birth records in
data sources with full birth histories (see Appendix for details of the data processing steps).
The DHS and Multiple Indicator Cluster Survey (MICS) provide the birth histories (either the full birth
histories or the birth histories during the past 24 months before the survey interview) of women interviewed
in retrospective survey questionnaires. Furthermore, the Pakistan Social & Living Standards Measurement
Survey (PSLM) is a provincial-level survey with a high coverage of households in Pakistan. The PSLM
records births over the 12 months prior to the date of the survey interview. The census is conducted once
per decade and collects births in the 12 months preceding the census.2
1

Summation of available number of births records. The number of birth records is unknown in some data series.
Minnesota Population Center. Integrated Public Use Microdata Series, International: Version 7.2 [dataset]. Minneapolis, MN:
IPUMS, 2019. https://doi.org/10.18128/D020.V7.2. Accessed on Aug 16th, 2020.
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Figure 1: SRB data in 2012-13 and 2017–18 DHS on national and provincial levels. The SRB observations (dots) from the same area (province or the whole Pakistan) are connected with line segments of the
same color. Shaded areas around the observation series represent the sampling errors in the series (quantified by twice the sampling standard errors).
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Survey name
Census
DHS
MICS
PSLM

Survey year
1973, 1981, 1998
1990–91, 2006–07, 2012–13,
2017–18, 2019
2010, 2011, 2014, 2003–04,
2007–08, 2016–17, 2017–18
1995–16, 2005–06, 2007–08,
2013–14, 2018–19

# SRB obs.
15
301

# Births records
424,739
253,580

37

153,772†

228

–

531

832,091*

Total

Table 1: Pakistan provincial SRB database. DHS: Demographic and Health Survey. MICS: Multiple
Indicator Cluster Survey. PSLM: Pakistan Social & Living Standards Measurement Survey. †: number of
birth records available only in MICS 2017–18. –: number of births records is unavailable. *: the total
number of births obtained by summing the available number of births records in the 25 years prior to the
survey conducted.
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Methods

The full model specifications, detailed descriptions of model elements, priors for the Bayesian method, and
statistical computation are included in the Appendix. The model performance and predictive power were
assessed by an out-of-sample validation exercise (leaving out recent observations) and simulation exercises
(see Appendix for details). The validation and simulation results suggest good calibration and predictive
power of the model.
The remainder of this section overviews the SRB Bayesian model.

3.1

Bayesian model for provincial SRB estimation and projection

The model for sex ratio at birth by Pakistan province is based on the model described previously [29, 30].
In this study, we made a few modifications in the model to better address the data quality and availability
of provincial SRBs in Pakistan. The outcome of interest Θp,t , the SRB in Pakistan province p in year t is
modeled as follows:
Θp,t = bΦp,t + δp αp,t ,
where b = 1.056 is the SRB baseline level for the entire Pakistan. The Pakistan SRB baseline b is estimated
based on national SRB observations in Pakistan before the reference year 1970 [11, 31]. Φp,t follows an
AR(1) time series model to capture the natural year-by-year fluctuations in SRB within each province.
δp is the binary identifier of the sex ratio transition at the provincial level. δp = 1 indicates an SRB
imbalance in province p, whereas δp = 0 indicates no imbalance in province p.
αp,t refers to the province-specific SRB imbalance process. The process is assumed to be non-negative
and is modeled by a trapezoidal function representing the three consecutive stages (increase, stagnation, and
decrease) of the sex ratio transition.
We consider both sampling and non-sampling errors when fitting the Bayesian model to the SRB observations. The sampling errors show the uncertainties in the SRB observations introduced by the survey
sampling design. These known values are calculated using a jackknife method, as explained in the Appendix. Non-sampling errors include the uncertainties resulting from non-response, recall errors, and data
input errors. Usually, they are immeasurable but difficult to eliminate. We treat the non-sampling error as a
parameter to be estimated in the Bayesian model.
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3.2

Post-modeling process

Identifying provinces of Pakistan with SRB imbalance SRB imbalance in a Pakistan province is detected if δp = 1 for more than 95% of the posterior samples (indicating SRB inflation).
Simulating SRB imbalance after 2020 In provinces of Pakistan without past/ongoing SRB inflation (assessed in the model), we simulate the SRB imbalance process after 2020 for different starting years of SRB
inflation.
The simulated province-specific SRB imbalance process δp αp,t is based on posterior samples in the
model. The simulated δp αp,t is added to the projected Θp,t for different starting years of SRB inflation in
each province. The simulation process is detailed in the Appendix.
Figure 2 shows the simulated SRB imbalance process δp αp,t in a Pakistan province, with a given start
year of the inflation process t0 . The SRB inflation process spans 38 years. After approximately one decade,
the imbalance reaches its maximum level and remains around that level for approximately seven years. The
SRB imbalance then deflated toward the normal/reference level of SRB (i.e. the SRB inflation becomes
zero) over the next 15 years.
simulated SRB inflation for a Pakistan province
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0.073

SRB inflation

0.06
0.057
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0.02
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Figure 2: SRB inflation simulation for a Pakistan province. Medians are in red curve. 95% credible
intervals are in red shades. t0 is the start year of the SRB inflation process.

(inflation-free)

Computing the number of missing female births Let Ψp,t and Ψp,t
denote the estimated and
expected inflation-free numbers of female live births respectively, in province p in year t. The estimated and
(inflation-free)
expected numbers of female birth are calculated as Ψp,t = Bp,t /(1 + Θp,t ) and Ψp,t
= (Bp,t −
(inflation-free)

Ψp,t )/Θp,t

respectively. The total number of births Bp,t in a given province and year, is obtained
(inflation-free)

from [32]. The number of inflation-free female births Ψp,t

is obtained from the estimated number

(inflation-free)
Θp,t

of male births (Bp,t − Ψp,t ), and the inflation-free SRB
= bΦp,t in the respective given
province-year. The number of missing female births is calculated using a method introduced in [33], which
was reviewed and validated in [34].
(missing)
The annual number of missing female births (AMFB) in province p in year t is defined as: Ψp,t
=
(inflation-free)

Ψp,t

− Ψp,t . The cumulative number of missing female births (CMFB) from t1 to t2 in province p
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(missing)

is obtained by adding the AMFB from year t1 to year t2 : Λp,[t1 ,t2 ] =

4
4.1

Pt2

t=t1

(missing)

Ψp,t

.

Results
Levels, trends, and geographic disparities in provincial SRB estimates

Figure 3 shows an overview of the levels and trend in provincial SRBs in Pakistan from 1980 to 2020. The
median estimates fluctuate around the national SRB reference level (1.056) except in Balochistan and Gilgit
Baltistan. In Gilgit Baltistan, the SRB gradually increased from 1.058 (95% credible interval [1.041; 1.102])
in 1980 to 1.070 [1.047; 1.125] in 2016. After reaching its provincial maximum, the SRB continuously
declines. The SRB in Gilgit Baltistan is not statistically significantly different from the national baseline
level because the 95% credible intervals overlap with the national baseline throughout the whole period.
However, the SRB in Balochistan is an outlier from the SRBs in all other provinces (see Section 4.2 for
details).
Figure 4 illustrates the disparity in SRB across geographic locations. The SRB is most inflated in the
southwest and northeast regions, including the Balochistan and Gilgit Baltistan provinces.
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Figure 3: Median SRB estimates in Pakistan provinces over the 1980–2020 period.

4.2

SRB imbalance at the provincial level

Table 2 lists the modeled SRB inflation probability in each Pakistan province. The probability of having a
past or ongoing SRB inflation is the highest in Balochistan at 100%. As the probability in Balochistan is the
only probability above the cutoff value (95%), we identify Balochistan as the only province in Pakistan with
an existing SRB imbalance.
Figure 5 illustrates the SRB model results in Balochistan. The SRB imbalance process in this province
started in 1980 and ended around 2015. The maximum SRB in this province is estimated to occur in 1996,
with SRB median estimate at 1.123 and the 95% credible interval at [1.100; 1.142]. The SRB in Balochistan
is significantly above the national baseline (1.056) from 1986 to 2010. Over this period, the lower bound of
the 95% credible intervals of SRB exceeded the national baseline.
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Figure 4: Geographic disparities of SRB estimates, 2000 and 2015. Median estimates are presented.
Results for Federally Administered Tribal Areas are omitted.

Pakistan province
Balochistan
Gilgit Baltistan
Azad Jammu and Kahmir
Islamabad (ICT)
Punjab
Sindh
Khyber Pakhtunkhwa

SRB inflation probability
100%
65.4%
39.4%
25.5%
17.2%
13.7%
5.6%

Table 2: SRB inflation probability by Pakistan province. Provinces are listed in descending order of the
inflation probability.
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Figure 5: SRB estimates in Balochistan, 1980–2020.
Red line and shaded areas are the median and 95%
credible intervals of the province-specific SRB, respectively. The green horizontal line is the SRB baseline
for the whole Pakistan at 1.056 [11]. The SRB observations (dots) from the same source are connected with
line segments of the same color. Shaded areas around the observation series represent the sampling errors
in the series (quantified by twice the sampling standard errors). Blue vertical lines denote the start and end
years of the sex ratio transition.

4.3

Missing female births before 2020 in Balochistan

Table 3 lists the missing female births in Balochistan over different time periods. From the estimated and expected female births, we demonstrate the baseline magnitude of female births in Balochistan. The estimated
average AMFB over the four decades from 1980 to 2020 is at 4.7 [3.4; 6.1] thousand. On a decade-bydecade basis, the average AMFB increase from 3.7 [0.7; 7.4] in 1980–1990 to 7.6 [5.0; 9.4] in 1991–2000,
then gradually declined from 2000, reaching 1.8 [0.1; 5.1] in the 2011–2020 period. Consequently, as the
cumulative result of the AMFB, the CMFB between 1980 and 2020 is estimated at 194.6 [140.0; 248.9] in
Balochistan province.

4.4

Scenario-based missing female births simulation after 2020

Although we identify Balochistan as the only province with past/ongoing SRB inflation, we do not rule out
the possibility that the imbalanced SRB will emerge in other provinces. Hence, we present the results of
scenario-based projections of missing female births in provinces without current SRB inflation.
Figure 6 shows the AMFB results in four provinces: Islamabad (ICT), Khyber Pakhtunkhwa, Punjab,
and Sindh, in which the projected annual total numbers of births are available and are not identified with
past SRB inflation. Each row in each heatmap shows the simulated AMFBs over the projection period
2021–2050 under the scenario that the SRB inflation process starts in a certain year.
In general, the later the assumed start year of the SRB imbalance process, the more years in which the
projected AMFB are near zero. In the heatmap, these trends manifested as increasing extents of blue areas
as the rows are traversed form bottom to top. When the simulated SRB become imbalanced during the
projection period, the three stages of sex ratio transition (increase, stagnation, and return to normal) are
visible in the resulting AMFBs. However, the AMFB is influenced not only by the SRB imbalance process
8

Values are in
thousands
1980–1990
Estimated female
124.2
births
[122.3; 125.8]
Expected female
127.8
births
[126.3; 129.6]
3.7
AMFB
[0.7; 7.4]
40.2
CMFB
[7.4; 81.2]

Time period
2001–2010
153.2
[151.5; 155.1]
159.2
[157.4; 160.9]
6.0
[2.3; 9.4]
60.1
[23.5; 94.1]

1991–2000
124.2
[123.3; 125.5]
131.7
[130.5; 132.7]
7.6
[5.0; 9.4]
76.1
[50.0; 93.9]

2011–2020
174.9
[173.1; 176.2]
176.4
[175.2; 178.2]
1.8
[0.1; 5.1]
18.2
[0.5; 51.0]

1980–2020
143.6
[142.9; 144.4]
148.3
[147.6; 149.0]
4.7
[3.4; 6.1]
194.6
[140.0; 248.9]

Table 3: Missing female births model results in Balochistan. All values are in thousands. Numbers in
front of the brackets are the posterior medians, and those inside brackets are the 95% credible intervals. The
estimated female births, expected female births, and AMFBs are averaged over each period. The CMFBs
are the cumulative values over each periods. AMFB: annual number of missing female births. CMFB:
cumulative number of missing female births.
but also by the levels and trends in the total numbers of births over time. Accounting for both the SRB
inflation and total number of births, we project the maximum AMFB for different combinations of startyear scenarios and the year in the projection period. In Islamabad (ICT), the maximum AMFB is projected
to occur in 2050 when the SRB imbalance process starts in 2035, with the AMFB at 1.7 thousand. In Khyber
Pakhtunkhwa, the maximum AMFB is projected at 29.2 thousand in 2049 when the SRB inflation starts in
2034. The largest AMFB in Punjab is projected to occur in 2033 when the SRB inflation stats in 2021 and its
projected value is 76.2 thousand. In Sindh, when the SRB imbalance process starts in 2022, the maximum
AMFB across all scenarios is projected to occur in 2035 at 37.8 thousand.
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Discussion

This is the first study on estimating SRB in Pakistan from 1980 to 2020 and provide scenario-based projections of missing female births up to 2050 by province based on a Bayesian hierarchical time series model.
Our results revealed important SRB disparity across geographic locations in Pakistan. Among the seven
provinces included in the study, Balochistan presents a decisively imbalanced SRB. In the other provinces
without the existing SRB inflation, we demonstrate important disparities in the occurrences and quantities
of female birth deficits before 2050.
Our study highlights the importance of Bayesian statistical models in assessing subnational SRB imbalances in Pakistan. Provincial SRB observations are available from censuses and surveys and the data in
each province cover most of the estimation period since 1980. However, most survey data of provincial SRB
contain large sampling errors introduced by small sample sizes and sampling design. Furthermore, data
from administrative records, which usually cover a large extent of the population, are lacking in Pakistan.
Our Bayesian model tackles these data challenges and synthesizes observations from different sources using
a reproducible approach. The subnational Bayesian model of SRBs is extended from the global SRB model
[29] with modifications to handle provincial-level data in Pakistan. Subnational SRB models have been
applied to other culturally and demographically heterogeneous countries with son preference such as Nepal
[35] and Vietnam [36].
The Bayesian model identifies Balochistan as the only province in Pakistan with an imbalanced SRB
during the 1980–2020 period, with an estimated cumulative number of missing female births at 194.6
[140.0; 248.9] thousand. Our results are consistent with previous results [22] of sex-selective abortion in
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Figure 6: Post-2020 missing female births simulation in provinces without past imbalanced SRB. Median projections of AMFB (in thousand) are presented. AMFB: annual number of missing female births.
Results are shown for provinces with projections of annual total births. X-axis: projection period 2021–
2050. Y-axis: simulation scenarios with different start years of SRB inflation from 2021 to 2050.
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Balochistan. Although the data of that study were collected only from the rural areas (and hence may not be
provincially representative), Balochistan had the highest rate of sex-selective abortion during the 2011–2014
period.
Using the scenario-based projections of the number of missing female births in the provinces without
ongoing SRB inflation, policy planners can prepare guidelines for preventing prenatal sex discrimination.
A recent study provided missing female birth projections at the national level for all countries in the world
[30]. According to that study, if sex-selective abortion were to happen in Pakistan national wide, the missing
female births may contribute as high as 14% of the global numbers during the 2021–2100 period. Our study
reveals the potential future missing female births in Pakistan in four provinces, namely, Islamabad (ICT),
Khyber Pakhtunkhwa, Punjab, and Sindh. For different start years of the SRB imbalance in each province,
we identify the years in which the number of missing female births will possibly deficit the greatest. The
projections results reflect the fact that the number of missing female births is a combined effect of the
SRB inflation process and fertility transition. Given the speed of the fertility transition in Pakistan, and the
estimates from the 2017–18 DHS, we revealed that the decline in fertility rates in Pakistan has slowed at
both the national and subnational levels since the 1990s, and the total fertility rate at 3.6 remains higher than
in neighboring countries [18].
Several limitations of the study are resulting from the quality and availability of data and the model
assumptions. First, as the sampling sizes of birth records are smaller in provincial SRB data than in nationallevel data, the uncertainties in Pakistan provincial SRB observations are relatively large. Furthermore, due
to the small number of births records sampled (which are still representative samples for each province),
the levels and trends across different data sources vary greatly. Second, we assume 95% of probability as
the cutoff for provincial SRB inflation. The different choices of cutoff value will identify different sets of
provinces with SRB imbalance. Gilgit Baltistan has a 68% chance of having SRB imbalance meanwhile it
is estimated at 42.5% for Azaz Jammu and Kahmir. To confirm whether the SRBs are truly imbalanced in
these provinces, in-depth within-province analyses are needed.
In conclusion, our study provides model-based and data-driven SRB estimates and projections for provinces
in Pakistan from 1980 to 2050. Our model results demonstrate important disparities in SRB levels and trends
across provinces over time. Balochistan is identified as the only province in Pakistan with an existing SRB
imbalance and consequently missing female births. In future work, in-depth provincial studies and the collection of high-quality birth data are required for the monitoring of subnational SRB disparities in Pakistan.
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