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Introduction6

In traditional societies, a kinship network is an important source of information7

for individuals. Moreover, kinship size and structure have diverse implications in8

different aspects of demography, such as: intergenerational transfers by bequests9

(Zagheni and Wagner 2015); intergenerational support, e.g. kinship resource for10

the elderly (Wachter 1997); and the medical and psychological implications of the11

experience of kin loss (Verdery et al. 2020). At a national level, studies of kinship12

network provide insights relevant to economic and social changes, and as a guide to13

policy (Tuljapurkar et al. 2010; United Nations 2015; Verdery and Margolis 2017).14

The global demographic transition has led to declines in vital rates (human fertil-15

ity and mortality), with fewer kids and longer lives (Lee 2003). Hammel et al. (1991)16

used social simulations to show how families have become smaller as fertility has17

declined, while kinship ties across generations have been greatly extended by the fall18

in mortality. Given the variability of the speed and nature demographic transition19

across the globe, from rapid and widespread in China and Japan, to slow in India,20

we are led to two broad questions. What is the quantitative relationship between21

changing vital rates and the size and nature of kinship networks? How does the22

speed of a demographic transition affect changes in kinship size and structure?23

Following Rindfuss (1991) we note that the young adult years may be charac-24

terized as demographically dense as many key life cycle events (such as education,25

marriage, work) occur during these years. Therefore we focus here on the kinship26

network of individuals at demographically dense ages. In this paper we are primarily27

interested in comparing kin networks for vital rate regimes before, during, and after28

a demographic transition. In the full paper, we will explore the dynamic question of29

changing rates, using the theory recently developed by Caswell and Song (2021).30

Here we use previous analytical research by Goodman et al. (1974), Caswell31

(2019) and Coste et al. (2021) to numerically examine how a decline in vital rates32

impact kinship networks. In this study, we focus on China, India and Japan as33
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they represent three different types of demographic transition. Japanese fertility34

and mortality have already declined to a low level, while India is still undergoing35

this process. China completed its fertility decline much faster than other countries36

(Wang 2011; Peng 2011), and so is considered a demographic overachiever, and37

mortality has also declined rapidly in recent decades.38

Kinship model and hypotheses39

We adapt Coste et al. (2021)’s method to compute the expected number of kin of a40

focal individual ego, as a function of the ages of ego and of its kin, directly from the41

mortality and fertility rates. Here we calculate the maximum expected number of kins42

belonging to two generations when ego is at demographically dense ages (defined as43

age 15 to 39). Specifically, the maximum number of ego’s previous generation (ego’s44

mother and aunts) and ego’s generation (ego herself, her female siblings and first45

cousins) when ego is at age 15 to 39 is denoted as K1 and K2, respectively.46

We characterize the demographic transition in terms of the net reproductive rate47

(R0). In the usual analysis (Coale 1972; Caswell 2001; Keyfitz and Caswell 2005) the48

average fertility of an individual of age x is denoted m(x), and the probability of sur-49

viving to age x by l(x). The net reproductive rate R0, equal to the sum
∑

x l(x)m(x),50

measures the expected lifetime reproduction of a newborn, which captures the both51

fertility and mortality.52

In the kinship model we use for the results below, mortality and fertility are held53

constant. E.g., if we use 1980-85 vital rates, we assume those rates always apply, so54

that the net reproductive rate R0 is constant. Ignoring survival to childbearing age,55

the average number of daughters of ego’s grandmother (i.e., ego’s mother and aunts)56

is proportional to R0, and of granddaughters of ego’s grandmother (i.e., ego, ego’s57

female siblings and first cousins) is proportional to R2
0. Therefore, we hypothesize58

that59

K1 ∝ R0, (1)

and60

K2 ∝ R2
0. (2)

Here we use vital rates from the UN World Population Prospects 2019 for China,61

India and Japan at three time periods: 1950-1955, 1980-1985 and 2010-2015. For62

simplicity, we use the beginning years (1950, 1980 and 2010) to represent time periods63

in following analyses and figures.64
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Kinship size and net reproductive rate R065

For China and Japan, the maximum expected numbers of aunts, siblings and cousins66

when ego is in the demographically dense ages (age 15 to 39) decrease for vital rates67

from 1950 to 2010 as fertility declines, while the corresponding maximum numbers for68

India first increase then decreases (Fig 1). This difference is explained by the fact that69

India’s mortality declined more rapidly than its fertility, as compared to Japan and70

China. The change of kinship size in China is more rapid than in Japan, especially71

during 1950 to 1980. This is consistent with the rapid fertility decline in China72

as a result of both economic development and family planning policy. In addition,73

the maximum number of mother increases over time because of the improvement of74

female survival.75

Figure 1: Maximum expected number of kins when ego is at demographically dense
ages (age 15 to 39) for China, India and Japan at 1950-1955, 1980-1985, 2010-2015.
Panels A-D show the maximum number of ego’s mother, aunts, siblings and cousins,
respectively.

We tested our two hypotheses on kinship size vis-a-vis net reproductive rate R0.76

Fig 2A shows that the maximum expected number of ego’s mother and aunts (K1)77
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is proportional to R0, with slope close to 1. Similarly, the maximum number of ego’s78

siblings, cousins and ego herself (K2) is also proportional to R2
0 with slope close to 179

(Fig 2B). These findings are consistent with our hypotheses and provide an explicitly80

numerical relationship between demographic transition and kinship size.81

Figure 2: Maximum expected number of kins when ego is at demographically dense
ages (age 15 to 39) and net reproductive ratio R0 for China, India and Japan. Panel
A shows the maximum number of mother and aunts (K1) with R0; panel B shows
the maximum number of siblings, cousins and ego herself (K2) and R2

0. The gray
line is a reference with slope 1.
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