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Abstract I examine the potential impact of the anticipated future marriage squeeze
on nuptiality patterns in China and India during the twenty-first century. I use population
projections from 2005 to 2100 based on three different scenarios for the sex ratio at birth
(SRB). To counteract the limitations of cross-sectional methods commonly used to
assess the severity of marriage squeezes, I use a two-sex cohort-based procedure to
simulate marriage patterns over the twenty-first century based on the female dominance
model. I also examine two more-flexible marriage functions to illustrate the potential
impact of changes in marriage schedules as a response to the marriage squeeze.
Longitudinal indicators of marriage squeeze indicate that the number of prospective
grooms in both countries will exceed that of prospective brides by more 50% for three
decades in the most favorable scenario. Rates of male bachelorhood will not peak before
2050, and the squeeze conditions will be felt several decades thereafter, even among
cohorts unaffected by adverse SRB. If the SRB is allowed to return to normalcy by 2020,
the proportion of men unmarried at age 50 is expected to rise to 15% in China by 2055
and to 10% in India by 2065. India suffers from the additional impact of a delayed
fertility transition on its age structures.

Keywords China - India - Sex ratio at birth - Marriage simulation - Marriage squeeze

Introduction

The proportion of male birth cohorts has reached unusually high levels over the last
20 years in several Asian countries.' In many countries, the sex ratio at birth

"The literature on the sex ratio issues in Asia is now abundant and describes in particular determinants of
gender discrimination. On the diversity of situations across Asia, see Croll (2000), Miller (2001), Attané
and Guilmoto (2007), and UNFPA-sponsored case studies (UNFPA 2007).
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(hereafter SRB) has increased above the standard range of 104106 male births per
100 female births, reaching values above 110 or even 120. This process of
demographic masculinization stems mostly from the increasing frequency of sex-
selective abortions across Asia, from the Caucasus to South and East Asia. While
discrimination against unborn girls today is a dismal reflection of the status of
women, sex imbalances may also lead tomorrow to the potential disruption of
marriage systems set off by the unavoidable shortage in prospective brides.

In this article, I aim to evaluate the potential severity of the marriage crisis and to
explore the potential responses of nuptiality systems to future changes in China and
India. T selected these two countries because of their demographic weight in the
world and their early rise in SRB over the last two decades. For this article,
compared with previous studies, demographic parameters have been updated and the
study period extended from the conventional year 2050 to 2100 in view of the
especially long-term impact of SRB imbalances on marriage patterns. But the most
important difference from previous research is the use of a longitudinal simulation
procedure to simulate future male and female marriages rather than relying on cross-
sectional indicators of sex ratio imbalances.

The article starts with a presentation of the data and models used to simulate
future marriage patterns. Taking 2005 as baseline year, my simulations rely on
various population projections based on three scenarios of change in SRB over the
coming decades. I also describe the different marriage models used in the
simulations. Next, I present results from the simulations, starting with new estimates
of the extent of the marriage squeeze and the analysis of the respective contribution
to it of changes in age structures and in birth masculinity. Two additional simulations
illustrate the extent to which mere changes in marriage timing could reduce the
intensity of the marriage squeeze. The article concludes with a synthesis of the
results and a review of some of the implications of my findings.

Data and Models for Marriage Simulations

The simulation of marriage patterns in China and India requires first a set of population
projections based on different SRB scenarios for the future. Since other long-term trends
in age structures may also affect the marriage-sex ratio, I also develop a set of
projections without rise in SRB levels. I examine two dimensions of population change
in the first sections and describe the parameters used in the population projections. I then
discuss the limitations of the cross-sectional sex ratio indicators of marriage squeeze and
present a more realistic indicator of marriage squeeze based on longitudinal marriage
simulations. These simulations are based on specific parameters for projecting female
marriage patterns in the future. At the end of this section, I also explore what other
responses of male nuptiality to the increasing marriage squeeze conditions could be by
presenting two alternative marriage functions.

Impact of Population Structures on Sex Imbalances

Since men usually marry younger women, the birth cohorts of future husbands tend
to be older (Esteve and Cabré 2005; McDonald 1995). But the size of these birth
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cohorts stems also from long-term trends: the number of annual births tends to
increase during the first phase of the demographic transition but decreases later after
prolonged fertility decline. India’s case is probably emblematic of this situation
because the number of births recorded a regular increment until 1990. For instance,
the annual increase in the birth cohort size reached 1.5% during the 1970s. This
means that there were, on average, 7.7% more prospective wives born during this
decade than husbands born five years earlier (five years being the current age
difference at marriage), and this imbalance affected the marriage market 20 years
later.” Incidentally, this disequilibrium in the past is often associated with the
concomitant rise in dowry observed in India after independence (Mari Bhat and Halli
1999). But with decreases in fertility and further changes in age structures, the
number of births started declining in the 1990s, and, according to my population
projections, this reduction in the size of birth cohorts is expected to accelerate in the
future. For instance, by 2025, an average birth cohort in a given year would be 7%
larger than the cohort born five years later. Without any rise in the SRB, male adults
would therefore become more numerous than their prospective brides.

China presents an undoubtedly more complicated picture because of the irregular
size of its birth cohorts since the 1950s. While the number of births has, on the
whole, decreased since the 1980s, this decline is less rapid than in India and also is
disturbed by the regular ups and downs that are a legacy of China’s volatile
demographic past. Short-term fluctuations therefore have a marked effect on age and
sex distributions in China and will directly influence the sex ratio of adults—a point
highlighted by Goodkind (2006) and Rallu (2006). But the decline in the number of
births will also be pronounced in China, especially during 2020-2035.% As a result,
the impact of skewed SRBs in China and India on adult sex ratios is likely to be
compounded by future age-structural transformations. I therefore insert a separate
projection set designed to assess the potential influences of changes in age structures
on marriage imbalances.

Birth Imbalances in the Future

My demographic projections for China and India will start from 2005 and extend to
2100. They are based on the most recent demographic estimates as well as on
assumptions that are different from previous attempts.* Parameters for these
projections have mostly been borrowed from the 2006 prospects by the United
Nations Population Division, but several adjustments and corrections have been
made (see Appendix A).

SRB levels for the future decades are also essential to my projections. SRB
started to increase above normal values 20 years ago in China and India (for China,

2 Data used in this section are based on United Nations estimates for 1950-2005 complemented by
projection results for the period beyond 2005.

* According to my projections, the overall yearly decline in birth cohort size during the 20052100 period
is 0.25% in China and 0.4% in India (rapid transition scenario).

4 No projection exists for India. Forecasts of China’s future sex imbalances (Attané 2006; Tuljapurkar et
al. 1995) are based on 1990 or 2000 census data and on fixed fertility and mortality assumptions.
Estimates provided by Jiang et al. (2007) follow a more realistic demographic scenario. An alternative
method based on nuptiality tables has also been proposed by Jiang (2011).
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see, e.g., Banister (2004), Li et al. (2007), and Zeng et al. (1993); for India, see Mari
Bhat (2002a, b) and Patel (2006)). As available data indicate, SRB has risen to a
level of above 115 in many Asian countries, from Armenia to China, and seems to
have leveled off since 2000. There are, in fact, reasons to believe that SRB levels
will not increase indefinitely and may ultimately decline. Both China and India
during the last decade have introduced or strengthened comprehensive programmes
to tackle sex-selective abortions (Joseph and Center for Youth Development and
Activities (CYDA) 2007; Li et al. 2007). Moreover, recent trends indicate that in
several areas, the SRB may be about to level off or to decline. For instance, data for
China based on the 2000 census (long form) and on the 2005 1% sample survey
reflects a near stagnation of the national average, from 119.9 in 2000 to 120.5 in
2005, which has already been interpreted as the beginning of a turnaround, with a
significant decline in birth masculinity being observed in southeastern provinces
such as Guangdong or Guangxi. There has also been a perceptible shift in SRB since
2002 in several states of northwest India, such as Haryana, Delhi, and Punjab.5 In
addition to these concordant traces of moderate decrease, the remarkable experience
of South Korea—where SRB first rose to 116 in 1990 and then gradually declined to
106 in 2008—suggests that SRB may follow typical transitional patterns, with an
initial rise followed by a later decline (Guilmoto 2009).

In order to explore the possible consequences of future gender imbalances, it
seems crucial to consider several different SRB scenarios. First, according to a no-
transition scenario, SRB will remain at its current level until 2100; the SRB would
therefore stay at 120 in China and at 113 in India during the entire twenty-first
century. Second, according to a rapid-transition scenario, the SRB starts decreasing
immediately after 2005 and declines to a normal 105 level in 15 years—at a pace
slightly faster than that observed in South Korea after 1990. This is admittedly a
rather optimistic transitional scenario in which birth imbalances would have
vanished by 2020. Both scenarios are deliberately extreme. The first, “business-as-
usual” scenario implies, for instance, that a high SRB would remain sustainable, in
demographic and social terms, during the entire century, a proposition that seems
rather implausible in view of the implications of abnormal sex ratios in the long run.
In contrast, the second, transitional scenario would require a complete change in
gender attitudes in 15 years, something that government interventions or
spontaneous social change may not be able to achieve. But taken together, these
first two scenarios may reasonably be seen as the upper and lower limits for
simulating sex-transitional change in China and India.

I have also included an entirely different scenario based on the hypothesis of the
absence of any sex ratio imbalance since 1980. This third baseline scenario of
normal SRB posits a constant SRB of 105 and will serve to highlight the specific
impact on marriage imbalances of age-structural changes caused in particular by the
process of fertility decline in China and India (see Appendix A for details).

5 Kulkarni (2010) analyzed the recent SRB downturn in India; see also Sharma and Haub (2008). Chinese
trends are described in Das Gupta et al. (2009) and Guilmoto and Ren (2011). Preliminary data from the
Chinese 2010 census put the sex ratio at birth at 118, confirming the slight downturn. Original data are
found in the reports of the 2000 census and of the 2005 1% sample survey for China, while Indian data are
from the annual reports of the Sample Registration System.
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Measuring Marriage Squeeze

Adult sex ratios weighted by marriage rates provide the usual index to assess the
intensity of demographic disequilibria in the marriage market. This indicator allows the
incorporation of both the size of specific cohorts and the effects of age-specific nuptiality
rates in my computations. However, it presents serious limitations for the appraisal of the
actual impact of sustained sex imbalances. The major issue related to strictly synchronic
indicators, such as weighted sex ratios, is that they do not take the potential effects of the
past nuptiality experience of each cohort into consideration. When surplus male
bachelors fail to marry in a given year, they will unavoidably inflate the pool of potential
grooms in the following year, and if the sex disequilibrium does not reduce rapidly,
unmarried bachelors will accumulate in the marriage market and further aggravate the
squeeze conditions. This is a direct application of a basic law in queuing theory
according to which the number of people in a system (here the marriage market) is a
function not only of arrival rates (cohort size) but also of the queuing time (number of
years unmarried).® But usual cross-sectional sex ratio indicators fail to reflect the
cumulative impact of the marriage squeeze in the previous periods.

A more appropriate solution to this conundrum is the two-sex cohort-based
simulation of marriages. In this approach, I compute the number of first unions by
using the estimated number of single men and women during each five-year period
starting from 2005. In so doing, I deduce the size of the unmarried population at the
end of each period and use it to simulate marriages taking place during the next
period. This approach is longitudinal as we follow individual cohorts and their
nuptiality over the years. It also makes it possible to estimate the mean age at
marriage and the proportion of people unmarried at age 50. To assess the intensity of
the future marriage squeeze, I use a cohort-based ratio of expected first male
marriages to expected first female marriages, which I refer to here as the marriage
squeeze indicator (MSI). In addition to the specific effect of cohort sizes (also
captured by the weighted sex ratio), the MSI is influenced by the population who did
not marry during the previous periods. This simulation technique is based on first-
marriage tables by age, sex, and period. But while weighted sex ratios are computed
from first-marriage rates applied to the projected population, the cohort-based
method uses marriage probabilities (ratio of marriages to single population by age
and sex) and is therefore affected by any backlog of unmarried men or women.

A key component in the simulations is the adjustment function used to quantify
the number of marriages occurring in case of marriage squeeze, when the expected
numbers of male and female marriages differ. The main marriage function used in
the simulations is a modified female dominance (FD) model, which is applicable
when there is a deficit of women. In the original FD model, the number of marriages
is determined only by female marriage rates.” Since not all men are able to marry,
their nuptiality rates must be adjusted downward. The FD model presupposes that
female marriage rates will follow a fixed trajectory and that they will not be affected
by variations in the number of unmarried men as long as there is a male surplus. I

© Little’s law states that the average number in a given stable system is equal to the rate of new arrivals in
the system multiplied by their average time in the system (Tijms 2003:50-52).
7 See Keyfitz and Caswell (2005) and Iannelli et al. (2005) for a broader discussion of marriage models.
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have, however, added a constraint to this model: the age difference at marriage
between men and women is assumed to remain the same. In other words, women are
not only able to marry at the chosen age but are also able to select husbands with a
constant age difference. This model offers surplus men no flexibility, such as
delaying marriage. Because this model depends almost exclusively on female
nuptiality behavior, it is crucial to delineate appropriately the most likely course of
female marriage patterns over the coming decades.

Simulating Female Nuptiality in Asia

It would be rather unrealistic to assume that current female nuptiality patterns will remain
unchanged in China and India until 2100. On the contrary, Asian marriage systems are
today characterized by rapid and deep transformations: under the impact of various
factors such as prolonged education, urbanization, access to formal employment, and
increasing social autonomy, women have delayed their marriages in many East Asian
countries and metropolitan areas.® New phenomena, such as the end of universal
marriage or, to a lesser extent, cohabitation, have even emerged over the last 15 years.

In India, women still marry rather early—19.8 years is the latest estimated
average age at first marriage (see Appendix B). Such a low figure may appear at first
sight to reflect the permanence of traditional matrimonial arrangements privileging
early female union soon after menarche. Until the 1930s, the country was indeed
characterized by very early marriages, with a large proportion of women betrothed
before reaching physiological maturity. But the pace of change observed in India has
been remarkable, and age at first marriage has regularly increased ever since: it
increased from 13 to 15 years in 1951, reaching 18.3 in 1981 and 20.2 in 2001
(census-based estimates). The progress in female age at first marriage—one
additional year per decade since 1931—has, in fact, been strictly linear in India.
Moreover, recent NFHS data (IIPS 2007) indicate that age at marriage in today’s
India is also closely correlated to education levels as well as to urban residence and
socioeconomic status. With such covariates of late female marriage, current trends in
rapidly modernizing India suggest further gains in mean age at marriage in the
future. A plausible hypothesis for India thus consists in positing a gradual rise in
female age at first marriage in India, reaching 23.5 years at the middle of the century,
at a level similar to what is observed today in China.” I have also posited a gradual
leveling of remarriage rates between men and women in 2005-2050.'°

In 2005, Chinese women married on average at the age of 23.5 years, a value
significantly above the legal age at union (20 years), but with only 2% of women
still unmarried in the 30- to 34-year age group. The proportion single at 50 was as
low as 0.2%. Female age at first marriage was 22.4 years at the time of the 1982

& Jones (2007) provides the most recent comprehensive synthesis of nuptiality in East Asia. Detailed
statistics and case studies are also available in Jones and Ramdas (2004) and Xenos et al. (2006), as well
as in United Nations (1990) for trends prior to the 1990s. See also Retherford et al. (2001) on Japan, and
Kwon (2007) on South Korea.

® This figure is slightly above that of Kerala women today but still distinctly below that of Sri Lankan
women (Caldwell 2005).

1% Higher remarriage rates among men than women represent a rather untenable hypothesis in view of
the mounting surplus of unmarried men. On remarriage in India, see Mari Bhat and Halli (1999) and
Chen (2000).
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census, and it has only marginally increased since then. Jones (2007:466) attributed
these features to both institutional and structural factors. Among men, the average
age at first marriage was 25.1 years and has remained constant over the last two
decades. However, because the experience of neighboring countries, such as South
Korea and Japan, suggests that female age at marriage may rise in the future, I have
also postulated a gradual increase in age at marriage among Chinese women up to
26.5 years in 2050, a pace of change comparable to that hypothesized for India.'" Tt
may be observed that the projected female age at first marriage for China in 2050
remains significantly below the current figures for Japan and South Korea, where
women today marry, on average, at age 29.

Alternative Marriage Models

The modified FD model corresponds to a reasonable scenario of future marriages
based on both nuptiality changes among Asian women and a strictly parallel rise in
male nuptiality. Yet, this system allows for almost no flexibility in marriage patterns
since both female and male marriage schedules are fixed. In this section, I relax
some of these assumptions and explore two alternative ways in which the marriage
market may adjust to gender imbalances, mostly through a gradual increase in the
age difference between spouses caused either by earlier female marriages or by
delayed male marriages (methods and parameters are in Appendix B).

One possible change corresponds to symmetrical changes in male and female
marriage schedules. This is the harmonic mean (HM) model, which is probably the most
commonly used marriage matching function (Schoen 1981; see also Okun 2001; Qian
and Preston 1993; and Raymo and Iwasawa 2005). This method provides the basis for
a self-regulatory marriage system in the case of imbalances, such that the surplus sex
is assumed to temporarily defer marriage while the deficit sex is expected to marry
carlier. At the same time, the average age at first marriage of the combined male and
female cohorts remains the same. The HM model implies that the deficit sex takes
advantage of the relative surplus of the opposite sex by marrying earlier because its
pool of prospective spouses has momentarily expanded. In other words, union is
regarded as partly constrained by the number of suitable partners, and marriage
probabilities are expected to rise when the relative size of the unmarried population of
the opposite sex increases. Because union has long been nearly universal among
women in China and India, there is no pool of available unmarried women, and the
application of the HM model entails a reduction in female age at marriage. Such an
adjustment may be conceivable if current constraints on marriage—such as intense
dowry negotiations in India or prohibition of early marriage in China—were relaxed.
Similarly, the abundance of marriageable men could also improve the probability of
women finding suitable partners by shortening the search period.'?

I also use a different model that combines features from the FD model (rising
female age at marriage) and the HM model (rising age difference). In this hybrid
model based on delayed male marriage (DMM), I posit a regular increase in female

"' T am grateful to the suggestion of an anonymous reviewer on this point.
12 Better marriage opportunities for women and lower dowry costs in high sex-ratio societies are among
the hypotheses put forward by Guttentag and Secord (1983).
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age at marriage as in the FD model, but also a two-year increase in the age gap
between men and women. This DMM model presupposes that women would accept
marriage to older men more than they did in the past, suggesting that social status or
accumulated assets of older men compensate the growing age difference. This could
also be interpreted as a lengthened search period among unmarried men caused by
the diminishing number of prospective brides.

Results

My simulations rely on three different population projections based on SRB parameters
—namely, the no-transition scenario, the rapid-transition scenario, and the normal-SRB
scenario. Based on these projected populations, I examine in the first section the extent
of the marriage squeezes as measured by cross-sectional and longitudinal indicators.
Since the SRB may be overestimated in China, I include the results of a sensitivity
analysis based on lower SRB levels for this country (Appendix C).

The results of marriage simulations presented in the following section are based first
on the FD model, which assumes a nuptiality regime determined by the future course of
female nuptiality. The outcomes of these simulations are given in terms of marriage
tempo (age at marriage) and intensity (unmarried men at age 50). Finally, I use the two
additional alternative marriage functions (HM and DMM models) to illustrate different
ways in which male and female nuptiality may adjust to the marriage crunch.

A New Look at the Marriage Squeeze

I start with the usual index of marriage squeeze computed as weighted sex ratios. As
Fig. 1 indicates, the rise in the weighted adult ratio in China is rather abrupt after 2010
in both SRB scenarios, and the sex ratio reaches 122 in 2025. Results based on the
normal SRB scenario show that the imbalance was bound to increase to 108 in 2020
because of past fluctuations in birth cohort size in China (Goodkind 2006). Following
the transitional scenario, the adult sex ratio will record an equally rapid fall after 2025
and will oscillate around 104 during the second part of the century. As expected, the
difference between the normal and rapid-transition scenarios declines gradually, and
both series are similar in 2050, when the impact of surplus male births before 2020
disappears. In contrast, the no-transition scenario suggests that the weighted adult sex
ratio in China would not return to normal levels and would instead oscillate after 2025
around a high level of 119. My results agree with findings already found in the literature
on China suggesting that the marriage squeeze will peak in 2030 (Jiang et al. 2007).

When measured through marriage simulations, the marriage squeeze in the future
appears rather different from the preceding picture (Fig. 1 and Table 1). As previously
explained, the MSI is computed as the sex ratio of expected first marriages based on
the single populations estimated during the previous period, while the weighted sex
ratio is based on projected age and sex distributions. Both indicators would be similar
if the observed proportions unmarried in each period were identical to that of the
corresponding marriage tables. But the gradual accumulation of unmarried men in
several cohorts tends to enlarge the number of expected marriages, leading to MSI
levels far higher than projected weighted sex ratios.
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Fig. 1 Two indicators of marriage squeeze according to three SRB scenarios, China: 2005-2100. See the
text for details on SRB scenarios and the indicators used

In the more favorable rapid-transition scenario, marriage squeeze peaks at 160 in
2035 and does not decline substantially before 2060. A level of 160 means that in
2030, 60% more single men than single women are expected to marry within the
next five years according to the corresponding nuptiality table. A large part of this
60% comes from the lower-than-expected marriage rates observed during the
previous 20 years and the associated backlog of unmarried men. The indicator
stagnates at a high level after 2035 as new cohorts born in 2020—with normal SRB
levels—enter the marriage market. But the real decline takes place after 2055, when
the cohorts most affected by birth imbalances reach 50 years.

Ifthe sex ratio were, on the contrary, to remain stable at 120 (the no-transition scenario),
the MSI would grow to 190 and stabilize in later decades to 170. But it is interesting to
observe the sizable impact of mere changes in age structures, with an MSI reaching 130 in
2055 according to the normal-SRB scenario. In other words, the rapid shrinking of age
structures appears to have a sizable independent effect on the future marriage squeeze.
Thanks to this set of estimates, the MSI for each SRB scenario may be broken into two
components: the age-structural component, summarized in the baseline 105 curve, and the
additional effect of past SRB disturbances.'> In China, the age-structural effects appear to
account for more than half of the marriage squeeze after 2050.

India’s weighted sex ratios (Fig. 2 and Table 1) have a smoother profile because of
the country’s far more regular age distributions and do not reach 110 in the transitional
scenario. However, the analysis is more accurate when it is based on the longitudinal

'3 For simplicity, the effects of birth imbalances and age-structural change on the marriage squeeze are
assumed to be additive.
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Table 1 Marriage indicators according to three SRB scenarios, China and India: 2010-2100

No SRB Transition Rapid SRB Transition Normal SRB

Mean Age Mean Age Mean Age at
Marriage at Marriage % Single Marriage at Marriage % Single Marriage Marriage % Single
Squeeze — Menat Squeeze — Menat Squeeze — Menat

Indicator Male Female Age 50  Indicator Male Female Age 50  Indicator Male Female Age 50

China

2010 98.6 256 233 33 98.6 256 233 33 95.4 256 232 33
2020 1257 260 242 33 124.1 26.0 242 32 105.5 259 242 3.0
2030 162.5 274 247 43 159.5 27.6 247 4.1 119.8 272 246 2.6
2040 170.6 27.6  25.1 10.0 156.6 28.0 25.0 9.3 118.7 27.3 250 42
2050 185.8 283  26.1 16.7 154.8 28.6 26.0 14.5 125.4 282 260 6.0
2060 184.5 287 265 19.7 143.9 28.8 265 14.6 126.6 28.8 264 6.8
2070 172.7 285 265 214 126.8 285 264 12.8 120.2 28.6 264 7.8
2080 172.7 287  26.7 20.4 121.0 28.7 26.7 9.6 120.2 288 267 7.6
2090 170.6 287  26.6 18.9 115.4 28.8 265 7.2 118.3 288 265 7.1
2100 168.7 28.7 265 18.5 110.4 28.8 265 6.0 116.2 28.7 265 6.8
India

2010 104.0 243 195 1.1 104.0 243 195 1.1 101.5 243 195 1.1
2020 126.9 250 202 1.3 125.1 250 202 1.3 111.3 249 202 1.2
2030 149.9 26.1 212 2.5 144.9 262  21.1 2.4 118.2 260 21.1 1.6
2040 172.0 272 221 54 157.7 27.3 221 5.0 125.0 27.0 221 2.7
2050 189.0 28.1  23.1 9.3 163.6 28.1  23.0 8.0 130.8 28.0 23.0 4.1
2060 191.4 28.7 235 12.9 156.8 28.6 235 10.0 132.0 28.7 235 5.6
2070 183.4 287 23.6 14.9 141.2 285 236 10.2 128.8 28.7 23.6 6.7
2080 182.6 28.6 237 14.9 134.0 285 236 8.6 130.1 28.7 236 7.0
2090 183.2 28.7 236 14.3 129.2 28.6 236 7.2 131.8 287 236 6.9
2100 183.6 28.6 23.6 14.2 1253 287 236 6.5 1333 28,6 236 7.1

Notes: For the marriage squeeze indicator, the sex ratio of expected first marriages is computed on
simulated single populations (per 100; see the text for details). Mean age at marriage is computed on
simulated marriages (female dominance model) during the five preceding years. SRB scenarios and the
marriage simulation procedure are described in the text and in Appendices A and B.

MSI. In the rapid-transition scenario, the index rises gradually to 165 in 2055, in spite
of the sex ratio transition completed in 2020. This rise has obviously been aggravated
by shrinking birth cohorts as the MSI in the normal-SRB scenario reaches 130 in 2050
and stays at this level until the end of the century. Changes in age structures account
for more than half of the rise in weighted sex ratios from the 2030s, and the marriage
squeeze in this scenario does not decrease during the second half of the century
because of the lower fertility and larger spousal age difference in India. The more
pessimistic scenario of high SRB results in a continuous rise in marriage imbalances
until 2055, after which the indicator remains above 180 during the following decades.

Measurements based on marriage simulations in China and India correct the
lower and shorter trends suggested by the weighted sex ratios. In particular,
because of the queuing effect, the marriage squeeze captured by the cohort-
based simulations is likely to be more intense than usually predicted and might
not decline before 2060. Even in the more optimistic SRB scenario, the number
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Fig. 2 Two indicators of marriage squeeze according to three SRB scenarios, India: 2005-2100. See the
text for details on SRB scenarios and the indicators used

of prospective grooms exceeds that of brides by more than half for three
decades in a row in both countries. These results also contradict the somewhat
reassuring picture for India, where the weighted sex ratio remains below 110 in
the rapid-transition scenario. Even with the SRB back to normalcy in 2020 and
the last affected birth cohorts above 40 years by 2060, the marriage squeeze
remains elevated in India until the end of the century as a result of India’s late
fertility decline. This is why India’s marriage squeeze takes place later (2055)
and at a higher level (165) than China’s.

Female Dominance and the Rise in Male Nonmarriage

The next set of results translates the sex imbalances in the marriage market into
proportions of men remaining single at age 50 (Fig. 3). Starting with China, notice
that the sex disequilibrium is not felt before 2030 in spite of the SRB rise observed
since 1990. This suggests that older birth cohorts reaching age 50 before 2030 are
not affected. My simulation, however, demonstrates the suddenness of changes after
this date: the proportion of men never married reaches almost 10% in both scenarios
during the 10 following years. Irrespective of the scenario, the impact of gender
imbalances at birth appears considerable during the 2030-2050 period. The
proportion of 50-year-old unmarried men rises from 3% before 2030 to 17% in
2050 and reaches 20% in 2060 in the no-transition scenario, an overall increase that
parallels the long-term 120 SRB level assumed in this pessimistic scenario. As Fig. 3
also illustrates, a rapid SRB decline in China will not invert trends in male
singlehood before 2055. Note that the estimated proportion of bachelors at age 50
will rise by only 12% (from 3% to 15%). Although the proportion decreases after
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2055, the curve is skewed toward the right, and the decline is slower than the initial
rise because of the lingering marriage squeeze conditions.

The results for India are, on the whole, parallel to China, although they are more
favorable during the first half of the century. In the absence of SRB transition, the share
of never-married men at age 50 increases from 2030 onward to reach 15% by 2070. But
in the rapid-transition scenario, this proportion of unmarried men would on the contrary
reach only 10% in 2060. The subsequent decline in the male proportion remaining single
is, however, much slower than in China. In fact, the net increase in the proportion
remaining single—computed from the low proportion of 1% observed today—becomes
larger in India than in China after 2070. This peculiar situation of India is linked to the
effects of age-structural change as underlined in the previous section. In contrast to
China, India’s age structures have not undergone a rapid transformation during the late
twentieth century, and its TFR is not expected to reach replacement level before 2025,
causing a sizable delay in its age-structural transformations and a parallel delay in the
rise of its marriage squeeze and of male singlehood.

The Alleviating Effects of Changing Marriage Patterns
I run another set of simulations according to these two alternative scenarios of
nuptiality adjustment. The results shown in Table 2 and Fig. 4 also include results

from the standard FD simulations discussed in the previous section. For simplicity, |
restrict the discussion to the rapid-transition scenario.
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Table 2 Marriage indicators according to two alternative marriage models, China and India: 2010-2100

Harmonic Mean Model Delayed Male Marriage
Mean Age Mean Age

Marriage ~ at Marriage % Single  Marriage ~ at Marriage % Single

Squeeze — Men at Squeeze e Men at

Indicator Male Female Age 50 Indicator Male Female Age 50
China
2010 98.6 25.6 233 33 98.6 25.6 23.3 33
2020 117.2 25.8 24.0 33 117.0 26.2 24.2 3.1
2030 157.5 26.6 22.7 3.7 148.0 28.2 24.7 32
2040 156.3 26.7 22.4 5.9 144.1 29.1 25.0 6.9
2050 162.6 27.1 22.6 8.9 144.9 30.2 26.0 10.6
2060 157.2 27.0 223 9.6 139.6 30.9 26.5 11.1
2070 144.4 26.6 22.6 9.8 124.1 30.5 26.4 10.8
2080 145.8 26.7 22.7 9.0 122.0 30.6 26.7 8.8
2090 139.9 26.5 22.6 8.1 117.7 30.8 26.5 7.4
2100 135.8 26.4 22.8 7.8 112.5 30.7 26.5 6.6
India
2010 104.6 24.3 19.5 1.1 104.0 24.3 19.5 1.1
2020 112.3 24.9 19.6 1.4 111.5 25.2 20.2 1.3
2030 123.5 25.6 19.4 1.9 118.4 26.7 21.1 1.7
2040 1343 26.4 19.2 3.0 121.9 28.3 22.1 3.0
2050 145.1 27.0 19.1 44 122.5 29.7 23.0 4.5
2060 150.2 27.4 18.8 6.1 120.5 30.5 23.5 5.7
2070 156.9 27.4 18.8 7.5 115.8 30.5 23.6 6.4
2080 169.7 27.6 18.6 8.6 117.1 30.5 23.6 6.3
2090 177.4 27.8 18.5 9.7 118.8 30.7 23.6 6.4
2100 184.7 27.9 18.4 10.9 119.3 30.8 23.6 6.7

Notes: For the marriage squeeze indicator, the sex ratio of expected first marriages is computed on
simulated single populations (per 100; see the text for details). Mean age at marriage is computed on
simulated marriages during the five preceding years. A rapid transition scenario is used in these
simulations. The harmonic mean model involves symmetrical adjustment of male and female marriage
rates (see the text and Appendix B). Delayed male marriage indicates a gradual increase by two years in
the male-female age difference at marriage by 2050 (see the text and Appendix B).

The DMM model is the easiest to interpret because the difference with the FD model
is limited to the delayed male nuptiality. In China, with the male age at first marriage
rising by an extra two years in 2050, this increase in spousal age difference would cause
a significant decline in the number of men unable to marry. The gain is already
perceptible in 2030 but swells during the next two decades. It peaks in 2050, when the
male singlehood rate reaches 10.6%, against 14.5% predicted in the standard model. In
India, the gain in male nuptiality is also considerable but tends to peak later on: in 2070,
the DMM model entails a decline of 4% in the male singlehood rate at age 50. In both
countries, higher age at marriage among men also reduces the marriage squeeze
(Table 2). This strategic trade-off between tempo and intensity of male nuptiality is
only temporary and gradually dissipates during the second half of the century.
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The basic harmonic mean model illustrates a more complex readjustment process
since it affects both men and women. In particular, the results confirm that higher
marriage probabilities among women would substantially slow down the overall
impact of the forthcoming male surplus in the marriage market. In China, the HM
model corresponds to a slower increase in male age at marriage, reaching 27 years in
2060; in contrast, the average age at first marriage among women falls after 2020 to
22.5 years and oscillates around this value during the following decades. The age
gap between spouses would rise to four years. In terms of male nuptiality intensity,
the impact in China appears considerable since the singlehood rate at age 50 remains
below 10% during the entire century, at levels that are 5% below our standard
simulations in 2060. But during the last quarter of the century, the HM model leads
to rather disappointing results as the male singlehood rate fails to decline
significantly. In fact, the elevated age difference caused by the HM assumptions
becomes detrimental to men and yields a higher proportion of unmarried men at the
end of the century than the standard FD model. Results of the application of the HM
model to India similarly point to a reduction of the sex ratio crisis, as in the DMM
model. After 2060, the HM model leads, however, to an unstable system in which
singlehood rates continue to rise in spite of the rapid disappearance of the original
sex imbalance at birth. In the meantime, the age gap between men and women is also
allowed to rise progressively to almost 10 years, resulting in a severe structural
disequilibrium between cohorts of prospective brides and grooms.

One may conclude at this point that the HM method is probably not the
appropriate technique for simulating the response of nuptiality systems to long-
term sex imbalances. For all its algebraic elegance, the HM model does not
appear to be sociologically plausible. Symmetrical short-term adjustments in
nuptiality patterns remain in theory possible, but mounting sex imbalances are
unlikely to lead to a durable reduction in the female average age at first marriage.
For instance, a female age at marriage below 19 in India appears highly
inconsistent with the nuptiality trends documented in a previous section. There
are therefore strong reasons to believe that the HM model—and possibly other
homeostatic models based on symmetrical marriage flexibility—is not applicable
in the current case.'

Synthesis of the Results

I believe that the results of these simulations shed new light on the current
masculinity crisis in Asia by translating demographic projections of skewed
population structures into specific outcomes of future nuptiality change. Based on
a new set of population projections, I favor here a cohort-based procedure to
simulate marriage patterns in twenty-first-century Asia. In addition, although China
is usually the center of attention, the inclusion of India in this exercise demonstrates
the seriousness of gender imbalances in this country and the potential contribution of
age-structural changes in the forthcoming deficit of marriageable women.

14 For critical discussion of the HM model, see Iannelli et al. (2005:38-41). See also Hinaba’s observations
(2000:395). A long-term study of nuptiality patterns in Spain using the HM model concluded that most changes
were driven more by behavioral factors than by age-sex compositional changes (Esteve et al. 2009).
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While straightforward projections suggest the inevitability and the magnitude
of future gender imbalances, the simulation approach yields better estimates of
the potential timing and the final impact on marriage patterns than usual cross-
sectional measurements. In particular, it shows that even cohorts born after a
rapid decline in birth masculinity may be affected by substantial disruptions in
nuptiality patterns and that the surplus of men is likely to affect both countries
during the second part of the century. Using the normal-SRB projections, I can
evaluate the consequences related to long-term changes in age structures and
demonstrate that differences between China and India are not reducible to their
current difference in SRB levels.

Beyond methodological issues, the first lesson of these simulations is the extent of the
impact of skewed sex ratios at birth on demographic structures and the additional
influence of fertility decline and the ensuing age-structural changes. The number of men
unable to find a spouse will rise in only 20 years, but the increase would probably be
abrupt in the absence of a change in the marriage schedule among them. My estimates
for China point to a jump of the proportion single at age 50 from 3% now to 15%—21%
in 2060, depending on the date of an eventual SRB decline. Marriage simulations show
that even if the SRB is allowed to return to 105 by 2020, which is a rather optimistic
assumption, gender imbalances will severely affect the marriage market and the
nuptiality patterns of male cohorts during the second half of the century. A rapid
transitional scenario corresponds to about 15% of China’s male population born during
the first decade of the century remaining single. Lower SRB levels observed today in
India tend to suggest a better situation, with singlehood rates remaining below 10% if the
birth masculinity were to decrease within the next 15 years, but the future reduction in
birth cohort size would slow down the recovery after 2050.

When converted to population figures, the current SRB crisis in China corresponds to
an extra 8.1 million single men reaching age 50 during the 2050 decade. The cumulative
number of these additional bachelors over the 2020-2080 period should exceed 32
million. In India, the situation would be hardly more favorable, since Indian population
cohorts will be significantly larger than China’s."> As a result, the cumulative number
of additional men remaining single during 2020-2080 could be closer to 40 million in
India, according to my simulations. In addition, if a significant proportion of women in
China and India were to renounce marriage—as seen today in Japan or South Korea—
or to opt for younger rather than older partners, the proportion of men remaining
single would obviously rise even further than suggested here. In this respect, these
simulations represent a somewhat conservative scenario of female nuptiality in the
future. This observation also suggests that future female nuptiality in Asia will hold
the key to gender imbalances during the twenty-first century.

Implications

The social consequences of sex imbalances on marriage patterns remain unpredictable
for several reasons. First, no such massive surplus of adult males has been recorded in

'S These estimates are derived from the difference between the proportion single as of 2005 and the
simulated figure in the rapid-transition scenario (FD model).
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the recent past. An additional difficulty in envisioning the consequences of
current masculinization processes stems from our limited understanding of
Asian family systems’ capacity to cope with the forthcoming marriage squeeze.
Among the potential adjustments within the current marriage system, late
union among men is a more plausible response than early female marriage. If
being older is perceived as an additional advantage for men in the marriage
market because of its correlation with personal assets and earning capacity, a
much larger proportion of men than before may end up marrying after age 35.
It has recently been observed that sex ratio imbalances may generate a
subsequent increase in saving rates as a response to the increasing competition
among men in the marriage market (Wei and Zhang 2009). The decrease in
male singlehood attributable to later marriage can be computed from my
simulations: a one-year increase in male age at marriage would reduce singlehood
rates at age 50 by nearly 2% (by 1.7% in China and 2.3% in India). This result is
by no means negligible in view of the number of years affected and the average
cohort size: the reduction of the marriage squeeze caused by delayed male
nuptiality illustrated by the DMM model would indeed reduce the cumulative
numbers of unmarried men at 50 in China and India (computed previously) by 11
and 19 million, respectively.

Higher male age at first marriage is therefore susceptible to alleviating the
marriage squeeze for several decades without being sufficient to entirely cancel its
impact. There are many other ways in which nuptiality could in theory adjust to the
growing gender disequilibrium—for example, through marriage migrations, female
trafficking, higher rates of divorce and remarriage among women, polyandry, or
same-sex unions among men. It is beyond the scope of this article to explore all the
social transformations that could be generated by the masculinization of the adult
population.'® But none of these adjustments would be of sufficient magnitude to
counterbalance the mounting male surplus.

It may be more important to point to some specific issues facing future research.
My findings suggest that the intensity of the future marriage squeeze is seriously
underestimated by cross-sectional indicators based only on population structures
because of the cumulative effect of unmarried men on the marriage squeeze. This
reinforces the need for appropriate marriage simulations and consequently for
specific marriage functions applicable in case of marriage squeeze. Studies using
more complex marriage functions—for instance, in which age patterns are allowed
to change over time—may be needed to explore alternative responses to the marriage
imbalances. Another promising direction for future research concerns regional
simulations, focusing on areas in China and India where SRB distortions are the
most pronounced. Incorporating the effects of interregional migrations would also
improve simulations in the many provinces where labor outmigration is an additional
factor of sex imbalances. Finally, researchers need to keep in mind that no finer
modeling of nuptiality mechanisms will be possible without insights from
quantitative and qualitative surveys conducted in the most affected areas of China

16 For reports on recent changing marriage practices in Asia, see Blanchet (2005), Davin (2005), Kaur
(2004), Kim (2008), Le Bach et al. (2007), and Pandey (2003). For a larger perspective, see the analysis
by Hudson and den Boer (2004).
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or India to better understand how local marriage systems are likely to evolve as a
response to the scarcity of prospective brides.
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Appendix A: Parameters for Population Projection

Table 3 summarizes the parameters used for the projections of China’s and India’s
populations until 2100 (see also Guilmoto 2010). Projections were done with the
cohort-component method of the software package Spectrum (DemProj model), under
the assumption of no international migration during the period under examination.
Population figures and demographic parameters were borrowed from the medium
variant of the world projections by the United Nations (2007). For the 2005 baseline
year, population and demographic parameters come from the United Nations
estimates, and these parameters incorporate in particular the current level of female
excess mortality among children. However, two adjustments were necessary for China.
First, the sex distribution derived from the 2005 1% survey—in which male adults are
severely underestimated—was corrected by using the estimated sex ratio for the entire
population in 2005 and the cohort-specific sex ratio for adults aged 15-54 during the
2000 census. Second, China’s fertility in 2005 was taken as 1.6 children per woman, a
medium value derived from available TFR estimates by Cai (2008), Lutz et al. (2007),
Retherford et al. (2005), and Zeng (2007). Values used for the 2050-2100 period were

Table 3 Parameters used for demographic projections: 2005-2100

China India

2005 2020 2050 2100 2005 2020 2050 2100

Total Fertility 1.60* 1.68* 1.85 2.1° 296 223 1.85 1.85%

Life Expectancy =~ Male 709 734  78.0* 82.0" 624 669 74.0° 82.0
Female 74.2 77.1 82.0° 86.0° 653 70.6 78.0" 86.0°

SRB No transition 120 120 120 120 113 113 113 113

Rapid transition 120 105 105 105 113 105 105 105
Normal SRB® 105 105 105 105 105 105 105 105

Notes: Fertility is reported in children per woman; life expectancy at birth, in years; and sex ratio at
birth (SRB), in male births per 100 female births. All intermediary values for 2005-2100 are
interpolated. Baseline 2005 populations are derived from United Nations (2007) for the No transition
and Rapid transition scenarios, but are reestimated from 1980 for the Normal SRB scenario (see
Appendix A for details).

Sources: Mortality and fertility estimates, except those noted below, are from the United Nations (2007).
“Data estimated by the author or derived from Lutz et al. (2008) and United Nations (2004).

°The sex ratio at birth is assumed to have remained constant at 105 in 1980-2005.
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derived from two different sets of long-term projections prepared by ITASA (Lutz et al.
2008) and by the United Nations (2004).

The first two SRB scenarios described in the text are used to calculate the share of
male and female births in each five-year birth cohort in 2005-2100. SRB figures used
for 2005 (120 for China and 113 for India) are taken from the 2005 1% survey for China
and from estimates by the Sample Registration System for India. The most recent
estimate by China’s National Bureau of Statistics puts the SRB at 121 for 2008. It
remains that SRB levels used here are only estimates in view of the possibility of
underenumeration of girls in China and of sample issues in India.'” I have not attempted
here to provide an alternative set of SRB estimates, and only the next round of
censuses in both countries will provide the more detailed figures required to reestimate
SRB levels. But in order to account for the possibility of female underregistration in
China, I have also run a set of simulations with lower SRB (see Appendix C).

For the simulation based on normal SRB (with SRB constant at 105), I also
corrected the 2005 baseline data for China and India because they are affected by
past SRB imbalances. To do this, I modified the 2005 sex distribution of the
population below 25 years in order to reflect a normal sex ratio distribution. For
India, I computed correction factors for each five-year period since 1980 based on
SRB estimates (see Kulkarni 2010), and I applied them to the 2005 sex ratio for all
age groups below 25 years to compute the corrected sex and age distributions used
in this projection. In the absence of a similar series for China, I used the average sex
ratios of five-year age groups computed from United Nations estimates for the world
after removing China and India.

Appendix B: Parameters and Procedure for Marriage Simulations

The nuptiality parameters are given in Table 4, starting with estimates for 2005.
Because neither China nor India publishes marriage rates by age, I had to resort to
indirect estimates based on successive age and sex distributions by marital status to
compute the nuptiality table for 2000-2005 by five-year age group from age 15 to
50. The marriage schedules for China were computed longitudinally by combining
the distributions from the 2000 census and the 2005 1% survey. Similarly, I used the
two NFHS rounds of 19981999 and 2005-2006 (IIPS 2007) for India. The 2005
marriage rates from ages 15 to 50 have been used to compute the weighted adult sex
ratio (computed on age distributions weighted by age-specific marriage rates)
displayed in Figs. 1 and 2.'®

To simulate marriages in five-year cohorts, I used the marriage probabilities
derived from marriage schedules as well as a correction factor in order to account for
remarriage (below age 50). This correction coefficient for remarriage was derived
from two sources: the proportion remarried in the 2000 and 2005 Chinese surveys,
and the proportion of remarried men and women in India according to the latest
NFHS data for India. From the standard marriage schedules, I also derived other

17 A more detailed discussion on SRB estimation issues for China and India may be found in Goodkind
(2008) and Kulkarni (2010).
'8 For weighted sex ratios corrected for remarriages, see Jiang et al. (2007:357).
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Table 4 Nuptiality parameters used for marriage simulations: 2005-2100

China India
Mean Age Never Remarriage Mean Age Never Remarriage
at First Married Correction  at First Married Correction
Marriage  at 50 (%) (%)* Marriage  at 50 (%)  (%)°
2005 Male 25.7 3.5 103.1 24.8 1.1 108.0
Female 23.5 0.2 103.6 19.8 0.6 102.5
Female
Dominance, Male 28.7 Same as in 2005 28.5 Same as 102.5
2050-2100 in 2005
Female 26.5 Same as in 2005 23.5 0.2 102.5
Delayed Male
Marriage, Male 30.7 Same as in 2005 30.5 Same as  102.5
2050-2100 in 2005
Female 26.5 Same as in 2005 23.5 0.2 102.5
Harmonic
Mean Model, Male Same as in 2005 Same as in 2005
2050-2100 Female Same as in 2005 Same as in 2005

Note: All intermediary values for 2005-2050 are interpolated.
Sources: Data are derived from 2005 age distributions by marital status (see Appendix B for details).

“Remarriage correction = all marriages as proportion of first marriages.

marriage schedules used in the models for the second half of the twenty-first century
by increasing the proportion marrying after age 25 (women) and 30 (men). The
marriage simulations are limited to unions occurring before the age of 50.

The simulation process starts from the 2005 five-year age distributions by sex and
marital status. The number of expected first marriages for men and women in 2005—
2010 is calculated from the marriage probabilities and the single population in
2005." The MSI (Figs. 1 and 2) is computed as the sex ratio of these expected first
marriages after correction for remarriages. Because of the male preponderance, this
ratio is usually above 100, and the final number of simulated first marriages is
determined by using one of the marriage models described below. The number of
men and women remaining single in 2010 is then computed for each cohort from the
projected populations and the simulated numbers of first marriages during 2005—
2010 according to each marriage function. With the computed 2010 distributions by
age and marital status, the same procedure is then repeated successively until 2100,
with specific nuptiality parameters for each five-year interval (Table 4).

This article uses the following marriage models:

1. In the female dominance (FD) model (Table 1), the number of simulated
marriages is set by the number of expected female marriages. In the case of male
surplus, male marriages are uniformly reduced across all age groups to match the
available supply of brides. In this model, female nuptiality patterns are also allowed

19 Age-specific marriage rates have to be adjusted in the FD model in order to achieve the desired age gap
between men and women. The specific age distributions of unmarried men and fluctuations in cohort size
(especially in China) tend to distort the observed age at first marriage among men.
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to change gradually over the period 2005-2050 (rise in age at first marriage in China
and India, change of remarriage coefficients in India), but the difference in age at
marriage between men and women remains constant throughout.

The delayed male marriage (DMM) model (Table 2) is a variant of the previous
FD model, in which the male age at marriage is made to rise faster than the
female age at marriage; the spousal age difference increases by two years in
China and India from 2005 to 2050 and remains constant afterward.

In the harmonic mean (HM) model (Table 2), the simulated number of marriages
is the harmonic mean of male and female expected marriages (Keilman 1985).
With M representing the expected number of male marriages and F representing
female marriages, the actual number of marriages, p, is computed as
w=2xMxW)/(M+W). The adjustment ratio (simulated number / expected
number) is applied to expected marriage rates by age and sex. The adjusted
probability of marriage is capped to one in each age group.

Appendix C: Sensitivity Analysis of Female Birth Underreporting

As indicated previously, SRB levels used here are only estimates since data for
China and India are not based on exhaustive civil registration sources; my simulation
exercise remains therefore potentially sensitive to the quality of the estimates. To
assess the sensitivity of the model, I ran a different set of population projections and
marriage simulations based on lower SRB levels. I restricted the analysis to China,
where SRB is both higher and more likely to be affected by estimation issues than
India. In particular, Chinese fertility is notoriously underestimated by recent surveys

Table 5 Marriage squeeze indicators and proportion of unmarried men at age 50 according to a lower

SRB estimate, China: 2005-2100
Rapid Transition Same With Lower SRB Estimates
Marriage Squeeze % Single Men Marriage Squeeze % Single Men
Indicator at Age 50 Indicator at Age 50

2010 98.6 33 98.6 33

2020 124.1 3.2 124.4 33

2030 159.5 4.1 157.6 4.1

2040 156.6 9.3 151.0 9.3

2050 154.8 14.5 150.8 139

2060 143.9 14.6 141.0 13.7

2070 126.8 12.8 125.5 12.1

2080 121.0 9.6 120.0 9.1

2090 115.4 7.2 114.5 6.9

2100 110.4 6.0 110.0 5.8

Notes: Rapid transition of SRB is postulated in both models. Rapid transition results are taken from Table 1.
Lower SRB scenario is based on a 5% female excess in underreporting rates (see Appendix C for details).
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and censuses, and female births might be more underreported than male births,
resulting in exaggerated SRB estimates.

Based on this hypothesis, I postulate here that the real SRB is 113 in 2005, with
male and female underreporting rates of 15% and 20%, respectively. This
corresponds to an excess of 5% in underreporting rates for female births. Applying
this rather high level of selective female underregistration will help to assess the
sensitivity of the simulations. All other population and marriage parameters are kept
similar to those of the rapid-transition scenario shown in Table 4.

Results in Table 5 demonstrate that a lower SRB contributes to reducing the male
excess in the marriage market and to increasing the male probability to marry.
However, the overall impact of lower SRB (113 in 2005) seems barely visible before
the 2040s and remains modest thereafter. For instance, the MSI diminishes from 157
in 2040 to 151 according to the lower SRB scenario. The difference between the two
series almost disappears after 2060. The estimated proportion of unmarried men at 50
also rises more slowly during 2050-2080 with these parameters, but the difference with
the standard SRB scenario never exceeds 1%. This sensitivity analysis suggests
therefore that SRB overestimation may exert but a minor effect on the simulation results.

References

Attané, 1. (2006). The demographic impact of a female deficit in China, 2000-2050. Population and
Development Review, 32, 755-770.

Attané, 1., & Guilmoto, C. Z. (Eds.). (2007). Watering the neighbour’s garden: The growing demographic
female deficit in Asia. Paris, France: CICRED.

Banister, J. (2004). Shortage of girls in China today. Journal of Population Research, 21, 19-45.

Blanchet, T. (2005). Bangladeshi girls sold as wives in north India. Indian Journal of Gender Studies, 12,
305-334.

Cai, Y. (2008). An assessment of China’s fertility level using the variable-r method. Demography, 45,
271-281.

Caldwell, B. K. (2005). Factors affecting female age at marriage in South Asia: Contrasts between Sri
Lanka and Bangladesh. Asian Population Studies, 1, 283-301.

Chen, M. (2000). Perpetual mourning: Widowhood in rural India. Delhi, India: Oxford University Press.

Croll, E. (2000). Endangered daughters: Discrimination and development in Asia. London,
UK: Routledge.

Das Gupta, M., Chung, W., & Li, S. (2009). Evidence for an incipient decline in numbers of missing girls
in China and India. Population and Development Review, 35, 401—416.

Davin, D. (2005). Marriage migration in China: The enlargement of marriage markets in the era of market
reforms. Indian Journal of Gender Studies, 12, 173—188.

Esteve, A., & Cabré, A. (2005). Los efectos del decrecimiento de las cohortes sobre la constitucion
familiar: Evidencia historica comparada en Espaiia, Francia y Estados Unidos, 1920—-1940 [The
effects of the decrease of birth cohorts on family building: Comparative historical evidence from
Spain, France and the United States, 1920-1940] (Papers de Demografia No. 262). Barcelona, Spain:
Centre d’Estudis Demografics.

Esteve, A., Cortina, C., & Cabré, A. (2009). Long term trends in marital age homogamy patterns: Spain,
1922-2006. Population, 64, 173-202.

Goodkind, D. (2006, March). Marriage squeeze in China: Historical legacies, surprising findings. Paper
presented at the annual meeting of the Population Association of America, Los Angeles, CA.

Goodkind, D. M. (2008, April). Fertility, child underreporting, and sex ratios in China: A closer look at
the current consensus. Paper presented at the annual meeting of the Population Association of
America, New Orleans, LA.

Guilmoto, C. Z. (2009). The sex ratio transition in Asia. Population and Development Review, 35, 519-549.

@ Springer



Skewed Sex Ratios at Birth and Future Marriage Squeeze 99

Guilmoto, C. Z. (2010). Longer-term disruptions to demographic structures in China and India resulting
from skewed sex ratios at birth. Asian Population Studies, 1, 3-24.

Guilmoto, C. Z., & Ren, Q. (2011). Socio-economic differentials in birth masculinity in China.
Development and Change, 5, 1269—1296.

Guttentag, M., & Secord, P. F. (1983). Too many women? The sex ratio question. Beverly Hills, CA:
Sage Publications.

Hinaba, H. (2000). Persistent age distributions for an age-structured two-sex population model.
Mathematical Population Studies, 7, 365-398.

Hudson, V. M., & den Boer, A. M. (2004). Bare branches: Security implications of Asia’s surplus male
population. Cambridge, MA: MIT Press.

lannelli, M., Martcheva, M., & Milner, F. A. (2005). Gender-structured population modeling.
Philadelphia, PA: Society for Industrial and Applied Mathematics.

International Institute for Population Sciences (IIPS). (2007). National Family Health Survey (NFHS-3),
2005-06: India. Mumbai, India: International Institute for Population Sciences.

Jiang, Q. (2011, October). Marriage squeeze, never married and mean age at first marriage. Paper
presented at the International Symposium on Gender and Sustainable Social Development:
Consequences and Public Policies, Xi’an, China.

Jiang, Q., Attané, 1., Li, S., & Feldman, M. W. (2007). Son preference and the marriage squeeze in China:
An integrated analysis of the first marriage and the remarriage market. In I. Attané & C. Z. Guilmoto
(Eds.), Watering the neighbour's garden: The growing demographic female deficit in Asia (pp. 347—
365). Paris, France: CICRED.

Jones, G. W. (2007). Delayed marriage and very low fertility in Pacific Asia. Population and Development
Review, 33, 453-478.

Jones, G. W., & Ramdas, K. (Eds.). (2004). (Un)tying the knot: Ideal and reality in Asian marriage.
Singapore: Asia Research Institute.

Joseph, J., & Center for Youth Development and Activities (CYDA). (2007). Reflections on the campaign
against sex selection and exploring ways forward (Report). Pune, India: CYDA, for the United
Nations Population Fund.

Kaur, R. (2004). Across-region marriages: Poverty, female migration and the sex ratio. Economic and
Political Weekly, 39, 2595-2603.

Keilman, N. (1985). Nuptiality models and the two-sex problem in national population forecasts.
European Journal of Population, 1, 207-235.

Keyfitz, N., & Caswell, H. (2005). Applied mathematical demography. New York: Springer.

Kim, D.-S. (Ed.). (2008). Cross-border marriage: Processes and dynamics. Seoul, Korea: Institute of
Population and Aging Research, Hanyang University.

Kulkarni, P. M. (2010). Tracking India’s sex ratio at birth: Evidence of a turnaround. In K. S. James, A.
Pandey, D. W. Bansod, & L. Subaiya (Eds.), Population, gender and health in India: Methods,
processes and policies (pp. 191-210). New Delhi, India: Academic Foundation.

Kwon, T.-H. (2007). Trends and implications of delayed and non-marriage in Korea. Asian Population
Studies, 3, 223-241.

Le Bach, D., Bélanger, D., & Hong, K. T. (2007). Transnational migration, marriage and trafficking at the
China-Vietnam border. In I. Attané & C. Z. Guilmoto (Eds.), Watering the neighbour s garden: The
growing demographic female deficit in Asia (pp. 393—425). Paris, France: CICRED.

Li, S., Wei, Y., Jiang, Q., & Feldman, M. W. (2007). Imbalanced sex ratio at birth and female child survival in
China: Issues and prospects. In I. Attané & C. Z. Guilmoto (Eds.), Watering the neighbour s garden: The
growing demographic female deficit in Asia (pp. 25-48). Paris, France: CICRED.

Lutz, W., Sanderson, W., Scherbov, S. (2008). IIASA’s 2007 probabilistic world population
projections (IIASA World Population Program Online Data Base). Laxenburg, Austria: Interna-
tional Institute for Applied Systems Analysis. Retrieved from http:/www.iiasa.ac.at/Research/POP/
proj07/index.html?sb=5

Lutz, W., Scherbov, S., Cao, G.-Y., Ren, Q., & Zheng, X. (2007). China’s uncertain demographic present
and future. Vienna Yearbook of Population Research, 2007, 37-59.

Mari Bhat, P. N. (2002a, December 21). On the trail of “missing” Indian females, I: Search for clues.
Economic and Political Weekly, 37, 5105-5118.

Mari Bhat, P. N. (2002b, December 21). On the trail of “missing” Indian females, II: Illusion and reality.
Economic and Political Weekly, 37, 5244-5263.

Mari Bhat, P. N., & Halli, S. S. (1999). Demography of brideprice and dowry: Causes and consequences
of the Indian marriage squeeze. Population Studies, 53, 129—149.

@ Springer


http://www.iiasa.ac.at/Research/POP/proj07/index.html?sb=5
http://www.iiasa.ac.at/Research/POP/proj07/index.html?sb=5

100 C.Z. Guilmoto

McDonald, P. (1995). L’équilibre numérique entre hommes et femmes et le marché matrimonial: Le point
sur la question [The numerical balance between men and women and the marriage market: An
update]. Population, 6, 1579-1590.

Miller, B. (2001). Female-selective abortion in Asia: Patterns, policies, and debates. American
Anthropologist, 103, 1083—1095.

Okun, B. S. (2001). The effects of ethnicity and educational attainment on Jewish marriage patterns:
Changes in Israel, 1957-1995. Population Studies, 55, 49-64.

Pandey, K. K. (2003). Female foeticide, coerced marriage & bonded labour in Haryana and Punjab. A
situational report. Faridabad, Haryana: Shakti Vahini.

Patel, T. (Ed.). (2006). Sex selective abortion in India: Gender, society and new reproductive technologies.
New Delhi, India: Sage Publications.

Qian, Z., & Preston, S. H. (1993). Changes in American marriage, 1972 to 1987: Availability and forces of
attraction by age and education. American Sociological Review, 58, 482-495.

Rallu, J.-L. (2006). Female deficit and the marriage market in Korea. Demographic Research, 15(article
3), 51-60. doi:10.4054/DemRes.2006.15.3

Raymo, J. M., & Iwasawa, M. (2005). Marriage market mismatches in Japan: An alternative view of the
relationship between women’s education and marriage. American Sociological Review, 70, 801-822.

Retherford, R. D., Choe, M. K., Chen, J., Xiru, L., & Hongyan, C. (2005). How far has fertility in China
really declined? Population and Development Review, 31, 57-84.

Retherford, R. D., Ogawa, N., & Matsukura, R. (2001). Late marriage and less marriage in Japan.
Population and Development Review, 27, 65—102.

Schoen, R. (1981). The harmonic mean as the basis of a realistic two-sex marriage model. Demography,
18, 201-216.

Sharma, O. P., & Haub, C. (2008, August). Sex ratio at birth begins to improve in India. Washington, DC:
Population Reference Bureau. Retrieved from http://www.prb.org/Articles/2008/indiasexratio.aspx

Tijms, H. C. (2003). 4 first course in stochastic models. New York: John Wiley and Sons.

Tuljapurkar, S., Li, N., & Feldman, M. W. (1995). High sex ratios in China’s future. Science, 267, 874-876.

United Nations. (1990). Patterns of first marriage: Timing and prevalence. New York: Department of
International Economic and Social Affairs, United Nations.

United Nations. (2004). World population to 2300. New York: Department of Economic and Social
Affairs, Population Division.

United Nations. (2007). World population prospects: The 2006 revision population database. New York:
United Nations, Population Division.

United Nations Population Fund (UNFPA). (2007, October). Sex-ratio imbalance in Asia: Trends,
consequences and policy responses. Studies of China, India, Nepal and Viet Nam presented at the
4th Asia Pacific Conference on Sexual and Reproductive Health, Hyderabad, India. Retrieved from
http://www.unfpa.org/gender/case_studies.htm

Wei, S. J., & Zhang, X. (2009). The competitive saving motive: Evidence from rising sex ratios and
savings rates in China (NBER Working Paper No. w15093). Cambridge, MA: National Bureau of
Economic Research.

Xenos, P., Achmad, S., Lin, H.-S., Luis, P. K., Podhisita, C., Raymundo, C., & Thapa, S. (2006). Delayed
Asian transitions to adulthood: A perspective from national youth surveys. Asian Population Studies,
2, 149-185.

Zeng, Y. (2007). Options for fertility policy transition in China. Population and Development Review, 33,
215-246.

Zeng, Y., Tu, P, Gu, B, Xu, Y., Li, B., & Li, Y. (1993). Causes and implications of the recent increase in
the reported sex ratio at birth in China. Population and Development Review, 19, 283-302.

@ Springer


http://dx.doi.org/10.4054/DemRes.2006.15.3
http://www.prb.org/Articles/2008/indiasexratio.aspx
http://www.unfpa.org/gender/case_studies.htm

	Skewed Sex Ratios at Birth and Future Marriage Squeeze in China and India, 2005–2100
	Abstract
	Introduction
	Data and Models for Marriage Simulations
	Impact of Population Structures on Sex Imbalances
	Birth Imbalances in the Future
	Measuring Marriage Squeeze
	Simulating Female Nuptiality in Asia
	Alternative Marriage Models

	Results
	A New Look at the Marriage Squeeze
	Female Dominance and the Rise in Male Nonmarriage
	The Alleviating Effects of Changing Marriage Patterns
	Synthesis of the Results

	Implications
	Appendix A: Parameters for Population Projection
	Appendix B: Parameters and Procedure for Marriage Simulations
	Appendix C: Sensitivity Analysis of Female Birth Underreporting
	References


