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Abstract

Under normal circumstances, the sex ratio at birth (SRB) has been reported to vary between 1.04 and 1.07.
But gender discrimination and other factors associated with the SRB can result in different SRB levels. While
SRB estimates have been published for various countries and periods, a systematic assessment of SRBs for all
countries over time using all available data and reproducible estimation methods has not been reported to date. In
this paper, we estimated country-specific SRBs for 212 countries and areas from 1990 to 2013 using a Bayesian
hierarchical time series model and assessed the uncertainty in SRBs. The analysis is based on an extensive database
with national-level data, including data from vital registration systems, international and national survey programs.
We present results for countries and areas and identify country-years with SRBs which differ significantly from
estimates that are typical for the country-specific region.
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1 Introduction

Under normal circumstances, the sex ratio at birth (SRB; refers to the number of male live births per 100 female live
births) varies between 1.04 and 1.07 (1). However, the observed SRB from countries like India and China have been
well above the biological level for decades (2} |3). While SRB estimates have been published for various countries and
periods, to date, no assessment of SRBs for all countries over time has been carried out using all available data and
reproducible estimation methods.

In this paper, we estimated country-specific SRBs for 212 countries and areas from 1990 (or the earliest year
of data collection) using a Bayesian hierarchical time series model, accounting for the varying levels of uncertainty
associated with different observations. We also assessed the uncertainty in SRBs.

2 Data

An overview of the data sources included in the database is in Table[I] There are 9,848 data points available from 192
countries and areas. In total, there are 14,866 country-years available in our database. On average, 70.1 country-years
of data are available for each of the 212 countries and areas included in our analysis.

| Data source type | Number of observations |

Census Direct 56
DHS Direct 1,867
Other DHS Direct 793
Others Direct 155
VR 6,984

Table 1: Distribution of observations by source type. Observations are grouped by source types. “Direct” refers to
observation obtained from full birth histories. “Indirect” refers to observations obtained from summary information
and demographic methods. DHS: Demographic and Health Surveys; VR: Vital Registration.

3 Summary of estimation method
We modeled the true SRB, denoted by R..; for country c, year ¢, as follows:
Rc,t = Nr[c] : Pc,t + Qct, (1)

where NV, is the regional biological norm from country ¢ in region r[c] in the absence of prenatal gender discrimina-
tion and sex-selective abortion, a. ; is the upward adjustment factor to capture higher SRB levels that may be due to
sex-selective abortion, and country-specific multiplier P, ; captures the divergence from the regional natural level for
the respective country-year. We model the biological norm on the regional level to capture racial variation in SRB (4;
5). We assume the regional biological norm NN, to be constant over time. The multiplier F; is estimated by a time
series model. For countries without any data or with very limited information, the multiplier fluctuates around one,
such that the estimated SRB without prenatal gender discrimination is given by N, 4. For countries where the data
suggest different levels or trends, P, captures these deviations from V..

ot 1s the upward adjustment factor for country c year ¢ to capture higher SRB levels that may be due to sex-
selective abortion. It is modeled from 1970 onwards for a selected group of countries/areas where gender discrimina-
tion may be present and where a son preference may have led or lead to prenatal gender discrimination once fertility
declines and sex selective technology becomes accessible (2). The adjustment factor «..; is set to be zero for all the
other country-years. The selection criteria of countries/areas are based on: 1) high level of SRB data in our database
and supporting literature; 2) high level of desired sex ratio at birth (DSRB) or high sex ratio of last birth (SRLB)
suggested in Bongaarts 2013 (6); and 3) outlying level of excess female under-5 mortality rate (USMR) suggested in
Alkema et al. 2014 (7)), which may be caused by postnatal gender discrimination. In our current model, we selected



21 countries/areas as listed in Table[2] which were among those countries that satisfied one or more of aforementioned
criteria and in addition, had VR data. We also included China and India, which do satisfy the criteria but do not have
VR data. For a future analyses, we plan to also include countries with with evidence of gender discrimination but
non-VR data only.

] Country/area Indicator \ Reference
Albania high SRB; 2)
Armenia high SRB; high DSRB; high SRLB; (8519; 1105 o)
Azerbaijan high SRB; high DSRB; high SRLB; (8:/9:]10:6)
China high SRB; excess female USMR; (11512 13;7)
Egypt high SRB; excess female USMR; a
Fiji high SRB; suggest by VR data
Georgia high SRB; (8;9; 10)
Hong Kong SAR (China) | high SRB; (14)
India high SRB; excess female USMR; high DSRB; | (1 1;15;2;6;7)
high SRLB;
Iran excess female USMR; (7) -
Jordan excess female U5SMR; high DSRB; high (7;6)
SRLB;
Korea high SRB; (16;[10)
Macao SAR (China) high SRB; suggested by VR data
Macedonia high SRB; suggested by VR data
Malaysia high SRB; 17)
Montenegro high SRB; @)
Singapore high SRB; (18)
Taiwan province (China) | high SRB; (19)
Tonga high SRB; suggested by VR data
Tunisia high SRB; suggested by VR data
Vietnam high SRB; (20)

Table 2: Countries/areas selected to model the SRB inflation adjustment factor o, ;. Theses selected places are
based on: 1) inflated SRB data; 2) excess female USMR; 3) high DSRB and/or SRLB.

Adjustment factor ar.; follows a shape of trapezoid (see Figure and its parameters are estimated with a Bayesian
hierarchical model (21; 22). E.g., start year parameter ¢ o follows a truncated normal distribution with mean equal to
the year that the total fertility rate (TFR) in country c decreased (or will decrease) to 3, i.e. t ¢ fr3:

teo ~ Ntegprs; otps)T(1970,2100).

Sampling and non-sampling errors are accounted for in the data model for SRB data. For the ¢-th observed SRB
75, We assume:

log(ri) ~ N(log(RCzwti)’o-iQ + w?[z])? )

where 02-2 is the sampling variance (calculated using a Jackknife approach (23] for data from DHS and other DHS data
series; and stochastic variance for VR data) and w?m is the non-sampling variance, where s[i] refers to the source type
s (shown in Table[T) for the i-th observation. For VR data, we assume their non-sampling variances are zero.



Adjustment Model Setting

i i i i
tcO tcl th tc3
Year

Figure 1: Illustration for adjustment model setting. ¢. and .3 refer to the start and end year of SRB inflation
period for country c. d. is the total length of the SRB inflation period for country c. a. is the maximum value that the
adjustment value could reach for country c.

4 Preliminary Results

4.1 World and region results

Figure [2] illustrates estimates and 95% credible intervals of sex ratio at birth in 1990 and 2013 for the world and
regions. Results are weighted by the number of live births in the respective region. Globally, sex ratio at birth is 1.051
(95% credible interval [1.046; 1.055]) in 1990, and 1.046 (95% credible interval [1.040; 1.053]) in 2013. Levels and
trends varied across regions. In 1990, the sex ratio at birth is highest in South-eastern Asia in 1990 at 1.066 (95%
credible interval [1.059; 1.073]), and decreases slightly to 1.064 (95% credible interval [1.054; 1.073]) in 2013, and
still remains the highest among all the regions. Sex ratio at birth is lowest for Africa for both 1990 and 2013 at 1.039
([1.034; 1.044]) and 1.029 ([1.023; 1.036]).

4.2 Country-level SRB estimates and projections

Figure [3]illustrates model estimates of SRB for the United States and Zambia, two countries that were not selected as
countries with (a potential for) inflated SRBs. Bayesian model-based estimates are similar to the WPP 2012 estimates
(added in blue) for the United States and higher for Zambia. For future years, the Bayesian projection converges to
the regional norm for each country, which is lower for Zambia as compared to the United States, and higher overall
for the Bayesian model as compared to the WPP projections.

Figure [Z_f] and Figure E] illustrate our model estimates of SRB for Albania, Armenia, China and Republic of Korea,
which are examples of countries where we incorporated the adjustment factor to account for possible inflation of the
SRB. The TFR estimates/projections for these four countries are overlaid on to the SRB estimates in the two figures.
This is to illustrate the relationship between the starting year of SRB inflation period (red vertical line) and the fertility
decline. For example, based on our model results, the start year of the SRB inflation period for Armenia is estimated to
be 1991, which corresponds with the year in which the TFR has decreased to 2.5. For China, the start year is estimated
to be 1975, which is quite close to the year when the TFR in China declined to 3, i.e. 1978. Our model suggests that
the SRB for Albania will converge back to the regional expected SRB level in 2022, in 2028 for Armenia, in 2030
for China and the level reverted back to normal in the Republic of Korea in 2011. The uncertainty intervals seem
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Figure 2: Sex ratio at birth for the world and regions in 1990 and 2013. Dots indicate median estimates, and
horizontal lines refer to 95% credible intervals. The vertical line refers to the estimated natural level of SRB at 1.057.
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Region “ENAN” refers to the combination of countries in Europe, North America, Australia, and New Zealand.
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Figure 3: SRB over time for the United States and Zambia with WPP 2012 SRB estimates. Observations from
different data series are differentiated by colors. The shaded areas surrounding observations represent the sampling
or stochastic errors associated with the observations. The red lines and shaded areas are the country-specific SRB
estimates and their 95% credible bounds. The green lines and shades are the regional estimates for the biological
norm of SRB N, and their 95% credible bounds. The blue (gold) lines are WPP 2012 estimates/projections.




quite narrow for the projection period, we are testing the out-of-sample performance of this model and will make
modifications if performance is not satisfactory.

4.3 Countries with outlying SRBs

Figure [0 illustrates countries and areas with substantially higher (left column in plot) or lower (right column in plot)
SRB estimates in 1990 and/or 2013 as compared to the biological norm. We remind the reader of the fact that
the current model does not yet include adjustment factors for all countries where SRB inflation may be or become
present. Republic of Korea has the highest SRB estimate in 1990 at 1.164, and decreased significantly to 1.056 in
2013. Montenegro, Hong Kong SAR (China), Macao SAR (China), Fiji, Vietnam, Armenia, Georgia, and Azerbaijan
do not have outlying SRB levels in 1990 but become outlying in 2013 (SRBs given by 1.089, 1.155, 1.097, 1.085,
1.123, 1.128, 1.083, and 1.154 respectively). Among the 16 countries and areas identified to have very high level of
SRB in 1990 and/or 2013 (left panel), ten of them are from Asia (among the ten, five are from Eastern Asia). Among
the 14 countries and areas identified to have very low SRB in 1990 and/or 2013 (right panel), 11 of them are from
Sub-Saharan Africa.
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Figure 4: SRB over time for China and India with WPP 2012 TFR estimates. Observations from different data
series are differentiated by colors. The shaded areas surrounding observations represent the sampling or stochastic
errors associated with the observations. The red lines and shaded areas are the country-specific SRB estimates and
their 95% credible bounds. The green lines and shades are the regional estimates for the biological norm of SRB N,
and their 95% credible bounds. The blue square dots are WPP 2012 total fertility rate estimates. The two red vertical
lines indicate the median estimates for starting and ending years of SRB inflation period. The blue dashed vertical
line indicates the first year when a country reached a TFR of 3.
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Figure 5: SRB over time for Republic of Korea and Vietnam with WPP 2012 TFR estimates. Observations from
different data series are differentiated by colors. The shaded areas surrounding observations represent the sampling
or stochastic errors associated with the observations. The red lines and shaded areas are the country-specific SRB
estimates and their 95% credible bounds. The green lines and shades are the regional estimates for the biological
norm of SRB N, and their 95% credible bounds. The blue square dots are WPP 2012 total fertility rate estimates. The
two red vertical lines indicate the median estimates for starting and ending years of SRB inflation period. The blue
dashed vertical line indicates the first year when a country reached a TFR of 3.
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Figure 6: Countries and areas with outlying SRB estimates in 1990 and 2013. Countries and areas are ordered
by decreasing point estimates for the year 1990. Dots are median estimates, and horizontal lines are 95% credible
intervals. Left: Countries and areas with SRB credible intervals higher than 1.07, in 1990 and/or 2013. Right:
Countries and areas with SRB credible intervals lower than 1.04, in 1990 and/or 2013. The vertical lines indicates are
at 1.04 and 1.07 to identify outlying high and low levels of SRB respectively.
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