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Changing Demographic Rates Reshape Kinship Networks
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ABSTRACT The num ber and age of kin deter mine the com pan ion ship and sup port 
indi vid u als pro vide or receive. Over recent decades, fer til ity and mor tal ity rates have 
changed con sid er ably, with vary ing speeds across countries. We inves ti gate the changes 
in kin ship net works in response to time-vary ing demo graphic rates, with a focus on 
the speed of change. We start with styl ized demo graphic tra jec to ries to deter mine the 
separateeffectsoffertilityandmortality.First,wefindthatdifferencesinthenumber
of liv ing kin depend strongly on the speed of fer til ity decline. In a fast fer til ity tran si-
tion (as in China), a 65-year-old could have 20% fewer daugh ters than a 70-year-old in 
aspecificyear.However,inaslowtransition(asinIndia),thisdifferenceisonly7%.
Second, the speed of fer til ity decline has large effects on the mean and var i abil ity of the 
ages of kin. Third, a cohort per spec tive pro vi des valu able insight into the changes in the 
num ber and age of kin. Fourth, we show how changes in the age pat tern of mor tal ity 
affect kin ship for indi vid u als at dif fer ent ages. We use these con clu sions to exam ine and 
under stand kin dynam ics based on empir i cal demo graphic data from four illus tra tive 
countries (Thailand, Indonesia, Ghana, and Nigeria).

KEYWORDS Kinship net works • Demographic rates • Transition speed • Time-vary ing

Introduction

Kinship networks, formed by consanguineous (blood) and affinal (marriage) ties,
play a vital role in shap ing the lives of indi vid u als and com mu ni ties. Networks are 
shaped by demo graphic tran si tions, which alter the size and struc ture of fam i lies 
over time. Consider a 20-year-old indi vid ual who wants to host a party that only 
cous ins can attend. Under a demo graphic tran si tion, where both fer til ity and mor-
tal ity are declin ing to a low level, the size of this party is likely to be very dif fer ent 
for the indi vid ual, the indi vid ual’s mother, and the indi vid ual’s grand mother when 
each is at age 20. Previous work by Jiang et al. (2023) com pared the size of kin ship 
net works long before and long after demo graphic tran si tion using a time-invari ant 
model. They found a qua dratic rela tion ship between the size of kin groups and net 
reproductiverate.Howaboutkinshipnetworksduringthedemographictransition?
Using microsimulations, Verdery (2015) ana lyzed the effects of the rel a tive tim ing of 
demo graphic tran si tions in mor tal ity ver sus fer til ity rates (i.e., the gap between the 
onsets of the mor tal ity and fer til ity tran si tions) on kin ship net works. In the real world, 
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demo graphic tran si tions also occur at dif fer ent speeds across countries. For exam ple, 
China’s total fer til ity rate (TFR) halved in a decade, while the TFR in Western Europe 
took 75 years to fall by half, and Nigeria’s fer til ity decline is ongo ing. In this arti cle, 
we explore how diverg ing speeds of demo graphic tran si tions affect kin ship net works 
between pop u la tions. When the tran si tion is fast, indi vid u als with a small age dif fer-
ence will expe ri ence dif fer ent sets of vital rates. On the other hand, if the tran si tion 
is so slow that vital rates take sev eral gen er a tions to change, time depen dence has 
grad ual effects on kin ship net works.

The study of kin ship—espe cially the num ber of types of kin—has become impor-
tant in var i ous con texts, includ ing sup port and trans fers across gen er a tions (Seltzer 
2019; Wiemers and Park 2021; Zagheni and Wagner 2015). Generational over lap, 
ini tially stud ied in the con text of aging (Menken 1985; Soldo 1996), now extends to 
the con text of kin ship and stepkin in the United States and other soci e ties (Alburez- 
Gutierrez et al. 2021; Bengtson 2001; Jiang 1995; Park et al. 2019; Wachter 1997). 
Historically, kin networks were sources of important information—for example,
wheretofindajoborspouseoraplacetolive(Krackhardtetal.2003; Murray et al. 
1981). In many cul tures, fam i lies also trans mit ted knowl edge, skills, and resources 
across gen er a tions (Schniter et al. 2023). However, these kinship functions have
dimin ished as kin net works declined in size as a result of demo graphic tran si tions and 
the increas ing impor tance of weak ties—casual, nonkin con nec tions with acquain-
tances, cowork ers, and social media con tacts. In addi tion to the tra di tional role of 
resource trans mis sion, recent stud ies have explored other dimen sions of kin ship net-
works, such as the num ber of close kin who died from the COVID-19 pan demic and 
its psy cho log i cal impli ca tions (Snyder et al. 2022; Verdery et al. 2020), and the new 
approachoffinding target individuals (e.g., suspects in crimes) usinggenetic and
gene a log i cal data bases (Erlich et al. 2018).

One aspect of kin ship is that it involves the indi vid ual level and so many pre vi ous 
findingsatthepopulationlevelmaynotberelevant.Forexample,whilepopulation
growth may con tinue owing to momen tum, a TFR decline can reduce the num ber of 
kin imme di ately under some sit u a tions, such as the num ber of daugh ters for indi vid-
u als at repro duc tive ages. A fast TFR decline could fur ther cause indi vid u als only a 
few years apart to expe ri ence dif fer ent fam ily dynam ics. Those with more kin could 
rely on close rel a tives for sup port, while those with fewer kin are more likely to turn 
to friends or online resources. Kinless indi vid u als face reduced sup port over all. We 
also note that there is a trade-off between the size of a kin ship net work and the lev-
els of sup port received. For instance, in large fam i lies, although older indi vid u als 
may have more adult chil dren who can poten tially offer sup port, these adult chil dren 
also bear the respon si bil ity of car ing for more young depen dents. This dynamic 
intro duces a poten tial trade-off between the care of par ents and the care of chil dren 
(Gans et al. 2013). On the other hand, fer til ity change deter mines the age struc ture 
of the total pop u la tion, which also affects the age dis tri bu tion of kin. For instance, 
a decline in fer til ity leads to an aging pop u la tion and increases the age of moth ers 
in the future.

Our study analyzes the change in kinship networks (specifically, female kin
through female lines of descent) in response to time-vary ing demo graphic rates. We 
focus on how dif fer ent speeds of fer til ity decline affect the num ber and age of kin 
when an indi vid ual is at dif fer ent ages and fur ther impact the sup port and resources 
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avail  able to the indi vid ual. We note that there is a dif fer ence between the num ber of 
liv ing kin and the kin avail abil ity in terms of sup port and resources. The for mer indi-
cates only the exis tence of kin and does not con sider fac tors such as health sta tus, 
geographicproximity,oreconomicstanding,whichmayalsoinfluencekinavailabil
ity. In our sub se quent ana ly ses, we use the num ber of liv ing kin as a sim ple proxy 
indi ca tor of kin avail abil ity.

To under stand the chang ing num ber and age of kin over time, we adopt a cohort 
per spec tive, linking kin ship net works to cohort fer til ity and mor tal ity. In demog ra-
phy, time is con cep tu al ized through two per spec tives: the period per spec tive, which 
focuses on chro no log i cal time, and the cohort per spec tive, which cen ters on ages 
of indi vid u als born in the same year (Wachter 2014).Abirthcohort,definedasa
group of indi vid u als born in the same year, shares the same expe ri ences at the same 
age. In our study, the kinship network of different birth cohorts reflects distinct
demo graphic tran si tions expe ri enced by each birth cohort, which are dif fer ent from 
the change in mor tal ity and fer til ity over time. Finally, we ana lyze the effects of 
age pat terns of fer til ity and mor tal ity decline on the size of kin groups, pro vid ing a 
more com pre hen sive under stand ing of the rela tion ship between demo graphic rates 
and kin ship net works.

In terms of meth od ol ogy, we use a one-sex, time-vary ing kin ship model by  
Caswell and Song (2021), which is an ana lyt i cal model based on the sem i nal work 
by Goodman et al. (1974) and allows us to exam ine the dynam ics of con san guin e-
ous and female kin. We ana lyze kin ship net works under both styl ized and empir i cal 
demo graphic tran si tions. Noting that mor tal ity typ i cally declines before fer til ity in 
tra di tional mod els, our styl ized cases expand on this model by con sid er ing a wider 
range of tra jec to ries for mor tal ity and fer til ity changes, includ ing sce nar ios where 
fer til ity and mor tal ity decline simul ta neously, and coun ter fac tual cases where one 
demo graphic rate remains con stant. Stylized tra jec to ries, while not directly aligned 
with past real-world tran si tions, help iso late and facil i tate the study of the effects 
of each demo graphic rate dis tinctly in a con trolled envi ron ment. Such the o ret i cal 
inves ti ga tion is also prac ti cally rel e vant because many countries recently or cur-
rently have com par a tively high lev els of fer til ity or mor tal ity, and their tran si tions 
have followedormay followhistorically unexpected patterns (HosseiniChavoshi
and Abbasi-Shavazi 2012; Prasartkul et al. 2019). To apply these the o ret i cal insights 
to real past exam ples, we also exam ine kin ship net works in four illus tra tive coun-
tries, each with dif fer ent speeds of demo graphic tran si tion, using empir i cal fer til ity 
and mor tal ity data. The com bi na tion of styl ized and empir i cal data strength ens the 
con nec tion between the o ret i cal mod els and real-world obser va tions, which should 
increasetherobustnessandapplicabilityofourfindings.Inthefinaldiscussion,we
elab o rate more on our use of an ana lyt i cal approach and the role of microsimulations 
in addressing the research ques tion.

Kinship Model

WecomputethekinshipnetworkofaspecifiedindividualFocalusingtheCaswell
and Song (2021) one-sex, time-vary ing kin ship model. An exten sion to the two-sex 
model is fea si ble if ade quate time-series data for male fer til ity or a proper model 
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for mat ing pat terns is avail  able. Let Utbeamatrixwithagespecificsurvivalprob
a bil i ties at time t on the subdiagonal and zeros else where, and let Ft be a matrix 
withagespecificfertilityratesattimetonthefirstrowandzeroselsewhere.Define
k(x, t)astheagedistributionvectorforsomespecifiedtypeoflivingkinatagex of 
Focal at time t. As indi vid u als sur vive and repro duce, the dynam ics of k(x, t)  are 
given by

 k(x +1, t +1) = Ut k(x, t)+ ββ(x, t), (1)

where

 

ββ(x, t) = 
0         if there are no new kin of this type                          

Ftk* (x, t) if new kin are produced by some other type k*of kin.

⎧
⎨
⎪

⎩⎪  
(2)

ThefirsttermUtk(x, t)  rep re sents the sur vival of the kin from age x to x + 1 dur ing 
time t to t + 1. The sec ond term ββ(x, t) accounts for the addi tion of new indi vid u als 
dur ing time t to t + 1. For some types of kin, no new indi vid u als are pos si ble and 
ββ(x, t) is zero (e.g., Focal does not accu mu late any new moth ers or aunts). For other 
types of kin, new indi vid u als are pro duced by the fer til ity of oth ers, k* (e.g., new 
grand daugh ters are pro duced by the fer til ity of daugh ters). Since sur vival is included, 
the vec tor k(x, t)  includes only liv ing kin.

An ini tial con di tion k(0) is added to spec ify the kin that Focal has at her birth. In 
the time-vary ing model, this sin gle con di tion expands into two bound ary con di tions: 
the com plete age vec tor at time t = 0, k(x,0), and the ini tial age vec tor at each time, 
k(0, t). To cal cu late this time bound ary k(x,0), we assume that the rates U0 and F0 
have been oper at ing for a long time and gen er ate k(x,0), using a time-invari ant model 
based on these rates. To cal cu late the age bound ary k(0, t), there are two pos si bil i ties. 
If Focal has no kin of this type at her birth, then

 k(0, t) = 0. (3)

Otherwise, the age bound ary is cal cu lated as

 k(0, t +1) = π i(t)k*(0, t)i∑ , (4)

where k* is the same as in Eq. (2) and π i(t) is the pro por tion of moth ers who repro-
duce at age i at time t. This time-depen dent dis tri bu tion π i(t) is cal cu lated as the age 
struc ture of the entire female pop u la tion at time tmultipliedbytheagespecificfertil
ity rate at time t. More details can be found in Caswell and Song (2021).

Note that,aswritten, themodel isdefinedfor femalesand thusgivesexpected
age dis tri bu tions of female kin (e.g., grand daugh ters) through female lines of descent 
(e.g., grand daugh ters include daugh ters of daugh ters, but not daugh ters of sons).

Defining1n as a vec tor of length n with all  ele ments equal to 1, the expected num-
ber of liv ing kin at age x of Focal is

 k!(x, t) = 1ωωT k(x, t),                           (5)

where super script T indi cates a trans pose, and ω is the length of vec tor k(x, t).
Using k!(x, t), we ana lyze the age pat tern of liv ing kin of a Focal indi vid ual  

at age x and time t. By employing that age pat tern, we are  able to cal cu late the mean 
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age and the stan dard devi a tion of ages of kin for a Focal indi vid ual of a given age at 
a given time.

In this arti cle, we focus on the expected num ber and mean age of selected types 
of liv ing kin when Focal is at selected ages while our result con tains the infor ma tion 
for Focal at each age. The cal cu la tion based on the time-vary ing kin ship model is 
implemented using the R pack age DemoKin (Williams et al. 2021).

Stylized and Empirical Demographic Transitions

We ana lyze kin ship net works using both styl ized and empir i cal demo graphic tran si-
tions. We expect that some of the styl ized tran si tions that result from our sce nar ios 
will not be reflected in empirical experience, but they nonetheless provide useful
insight into the effects on kin ship of the inter ac tions between com po nents of demo-
graphic change.

Scenarios for Stylized Demographic Transitions

We con struct dif fer ent sce nar ios of the change in vital rates from 1970 to 2040 and 
ana lyze the kin ship net work under these styl ized demo graphic tran si tions. We assume 
TFR drops lin e arly from 5 to 2 chil dren at dif fer ent speeds and then stays con stant. To 
mea sure the speed, we com pare the time taken for fer til ity to fall rel a tive to gen er a-
tion time, taken here to be 25 years.

 1. Fast fer til ity change, in which TFR drops to 2 within a half gen er a tion (from 
1970 to mid-1983).

 2. Medium fer til ity change, in which TFR drops to 2 within one gen er a tion (from 
1970 to 1995).

 3. Slow fer til ity change, in which TFR drops to 2 within two gen er a tions (from 
1970 to 2020).

Panel a of Figure 1 shows these pat terns of change in TFR from 1970 to 2040.
Tomodeltheagepatternoffertility,weemployaspecificpatternfortheinitialand

finalyearstoconstructpatternsforintermediateyears.Wealsoassumealinearchange
in the age pat terns of fer til ity with only one pat tern for the begin ning year and two dis-
tinct pat terns for the end year. In par tic u lar, we uti lized China’s age pat tern of fer til ity 
in 1970 as the starting point, and China’s early and Italy’s late age pat terns of fer til-
ity in 2020 as the end ing point (see panel c of Figure 1). Of these, the early pat tern 
exhibited a youn ger mean age at birth, imply ing that, on aver age, females tend to give 
birth at a later age. Combining dif fer ent speeds of fer til ity change and dif fer ent age 
patternsoffertility,weconstructtheagespecificfertilityrates(seeFigureA1inthe
onlineappendix,alongwithallotherfiguresdesignatedwithan“A”)andmeanageat
birth (see panel d of Figure 1) from 1970 to 2040. Note that in our sce nar ios, the speed 
of change in TFR is the same as the speed of change in the age dis tri bu tion of fer til ity.

Foragespecificmortalityrates,weconsidertwocases:mortalityisconstantata
low level, or mor tal ity changes over time from a high level to the same low level. In 
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the sce nario of con stant mor tal ity, we main tain mor tal ity at a low level, as opposed to 
ahighlevel,tobetterreflectrealworldcircumstancesinwhichcountrieswithsimilar
low mor tal ity rates have vary ing fer til ity lev els. For instance, sub-Saharan Afri can 
countries have witnessed an increase in life expec tancy at birth to approx i ma tely 60 
by 2020, aligning with the lev els in Europe and North America around 1950 (United 
Nations 2022). Yet, sub-Saharan Africa con tin ues to have a fer til ity rate higher than 
4.5 in 2020, while the fer til ity in Europe and North America was around 3 in 1950. 
The fac tors con trib ut ing to mor tal ity decline, includ ing advance ments in health tech-
nol ogy, pub lic health prac tices, eco nomic lev els, and edu ca tion, show an impact 
acrossageandgender.However,thediffusionofthesefactorstofertilitydeclineis
not straight for ward. Consequently, a tem po ral dis par ity emerges between mor tal ity 
and fer til ity decline, with mor tal ity typ i cally decreas ing ear lier than fer til ity. In this 
context,fixingmortalityatalowlevelallowsameaningfulexplorationofthecom
par a tive impact of dif fer ent fer til ity lev els. We use China’s predicted mor tal ity in 
2040 for the con stant case and China’s mor tal ity decline from 1970 and 2040 for the 
chang ing case. Panel b of Figure 1 shows the dynam ics of life expec tancy at birth, 
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Fig. 1 Total fertility rate (TFR), life expectancy at birth (e0), age pattern of fertility, and mean age at birth 
for mothers. Panel a shows the TFR over time under different speeds of fertility decline. Panel b shows the 
life expectancy at birth for females over time. Panel c shows the age pattern of fertility at the beginning 
and end years. At the beginning year, there is only one age pattern, shown in black; at the end year, there 
are two age patterns (early vs. late), indicated by different colors. Panel d shows the mean age at birth for 
mothers over time. Colors represent different types of age patterns of fertility (early vs. late). Line types 
represent different speeds of fertility decline.
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e0,forfemalesinChina.Hereweconsideronlyonespeedofmortalitydeclineaswe
alreadydesignseveralspeedsforfertilitytransition.However,ouranalysiscouldbe
eas ily extended to accom mo date dif fer ent speeds of mor tal ity change.

As men tioned ear lier, to cal cu late the time-depen dent age dis tri bu tion of moth-
ers at time t, πi(t), we also need the age struc ture of the female pop u la tion at time t. 
Therefore, we con duct pop u la tion pro jec tions from 1970 to 2040 using the cohort 
componentmethod,forwhichtheinputincludessexandagespecificpopulationat
thebaseyear,sexratioatbirth,agespecificmortality(togetthesurvivorship),and
agespecificfertilityovertime.Thelattertwohavebeendiscussed.Wesetthesex
ratioatbirthtobeconstantovertimeas1.04andusetheageandgenderspecific
pop u la tion of China in 1970 as the base pop u la tion. Figure A2 in the online appen-
dix illus trates the pop u la tion age pyr a mids over time and under dif fer ent speeds of 
fer til ity decline when mor tal ity is con stant and the age pat tern of fer til ity con verges 
to the early type.

We note that all  vital rates that involve a par tic u lar coun try at a par tic u lar year are 
sin gle-age and sin gle-year data from the World Population Prospects 2022 ver sion 
(United Nations 2022).

Illustrative Countries With Past Demographic Transitions

We next apply our anal y sis to actual past demo graphic tran si tions. We expect that 
such appli ca tions will pro vide insights into par tic u lar tran si tion paths that have been 
expe ri enced. These are, we believe, complemented by our study of styl ized tran si-
tion pat terns. As empir i cal exam ples, we use four countries that had dif fer ent speeds 
of demographic transition since 1950.The first isThailand,which experienced a
rapid fer til ity decline, with the TFR decreas ing from approx i ma tely 6 to replace ment 
level within 50 years (from 1950 to 2000). Indonesia under went a sim i lar tran si tion, 
with TFR reaching replace ment level within 75 years (from 1950 to 2025). In con-
trast, Nigeria and Ghana exhibited the slowest decline, maintaining a fer til ity rate of 
around 5 and 3 in 2025, respec tively, predicted to reach replace ment level by 2100. 
Likewise, the changes in sur vival, net repro duc tive rate (R0), and mean and stan dard 
devi a tion of age at birth vary across these four countries at dis tinct rates (refer to 
Figure A3). We select these four countries not only because of their diverg ing tra jec-
to ries in demo graphic tran si tion but also because they shared sim i lar eco nomic and 
demo graphic char ac ter is tics at the onset of the tran si tion, which improves the com pa-
ra bil ity of these countries (McNicoll 2011).

Results

Usingstylizedcasesofdemographictransition,wefirstexaminehowfertilitydecline
impacts the num ber and age of kin, vary ing with decline speed. We then show that 
a cohort per spec tive is use ful in under stand ing the kin ship model result, and we 
explore how the age pat tern of mor tal ity con trib utes to the num ber of kin. Impor-
tantly, we also ana lyze past expe ri ences in four countries using empir i cal demo-
graphic rates.
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The Number of Cousins Under Demographic Transitions

We explore the kin ship net works of focal indi vid u als of dif fer ent ages in dif fer ent 
years. Panel a of Figure 2 shows the expected num ber of cous ins over time under a 
slow fer til ity tran si tion, with a con ver gence of fer til ity pat terns to the early type and 
con stant mor tal ity.

Therearemultiplewaystointerpretthisfigure.First,wecananalyzetheexpected
numberoflivingcousinsbyfixingtheageofindividualsandcomparingitacrossdif
fer ent time peri ods. This involves observ ing a hor i zon tal line in panel a of Figure 2. 
Wefindadeclineinthenumberoflivingcousinsovertimeforindividualsofmost
ages. For exam ple, a 15-year-old indi vid ual in 2020 has fewer liv ing cous ins com-
paredtoa15yearoldindividualin1990.However,thisdeclineislesspronounced
for older indi vid u als, as the effects of fer til ity decline take lon ger to man i fest in the 
older age groups, and the improve ments in sur vival at old ages can off set some of the 
loss caused by fer til ity decline.

Second,wecanmaintainafixedyearandcomparethenumberoflivingcousins
among indi vid u als of dif fer ent ages, represented by ver ti cal lines in panel a of Figure 
2. Within a given year, the num ber of cous ins ini tially increases and then decreases 
with age. For indi vid u als below the age of 60, where fer til ity has the greatest impact 
on the num ber of cous ins, youn ger indi vid u als have fewer liv ing cous ins com pared 
withtheiroldercounterparts.However,thispatternisreversedforolderindividuals,
asfemalesurvivalsignificantlydecreaseswithage.Thisperspectiveallowscompar
i son within and between gen er a tions. For instance, indi vid u als who are 25 years old 
and 50 years old in the same year belong to dif fer ent gen er a tions, while a 25-year-old 
and a 15-year-old are con sid ered peers.

Furthermore, we can also exam ine indi vid u als in the same birth cohort, represented 
by oblique lines in panel a of Figure 2. The num ber of cous ins ini tially increases and 
then decreases as indi vid u als age, with later birth cohorts gen er ally hav ing fewer 
cous ins. Comparing dif fer ent birth cohorts helps answer the ques tion posed at the 
begin ning of the arti cle regard ing the dif fer ences in the size of the cousin-only party 
for indi vid u als, their moth ers, their grand moth ers, and even their peers when fer til ity 
pat terns change over time.

Next, we inves ti gate how dif fer ent speeds of fer til ity decline affect the num ber of 
cous ins (see panel b of Figure 2). As we might expect, the num ber of cous ins under 
the slow fer til ity tran si tion is con sis tently larger than or equal to the num ber under the 
fast tran si tion. The effect grad u ally extends to higher ages over time, but not lin e arly. 
For instance, the max i mum dif fer ence is observed around age 18 in 2000, age 31 in 
2020, and age 50 in 2040 (shown as the red cir cles in panel b of Figure 2). In a lin ear 
pro gres sion, peaks would be at age 18 in 2000, age 28 in 2020, and age 48 in 2040. In 
other words, these peaks are asso ci ated with dif fer ent birth cohorts.

The Speed of Fertility Decline and Peer Difference in the Number of Kin

We keep the focus on the speed of fer til ity decline and explore how the speed affects 
the num ber of kin among indi vid u als within the same gen er a tion. We exam ine the 
per cent age dif fer ence in the num ber of liv ing cous ins among peers (indi vid u als with 
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sim i lar ages) within a given year, referred to as peer dif fer ence. To cap ture dif fer ent 
life stages, we select high school stu dents (aged 15), recent col lege grad u ates (aged 
25), indi vid u als who have recently started fam i lies with young chil dren (aged 35), 
and those with rel a tively older chil dren (aged 45). Despite the mere 10-year age dif-
fer ence between these adja cent groups, they encoun ter dif fer ent oppor tu ni ties and 
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Fig. 2 Expected number of living cousins. Panel a shows the expected number of living cousins for indi-
viduals of different ages in different years under a slow fertility transition. Panel b shows the difference in 
the expected number of living cousins between fast and slow fertility transitions (slow minus fast). In both 
panels, the age pattern is the early type, mortality is constant over time, and the dashed line is a reference 
line that shows the life trajectory of a cohort born in 1970. In panel b, the red circles represent the maxi-
mum absolute differences across ages at different years.
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chal lenges in their lives. The peer dif fer ence in the expected num ber of liv ing cous-
insshowsadecliningtrendovertime,withsomefluctuations.Comparedwithafast
fer til ity decline, a slow decline results in a smaller peer dif fer ence. For instance, in 
2000, a 15-year-old under a slow tran si tion would have 20% fewer liv ing cous ins 
than a 25-year-old, com pared with more than 30% under a fast tran si tion (see panel a 
of Figure 3). This per cent age dif fer ence also holds when com par ing other age groups 
(see Figure A4). Our results show that fam ily sup port or fam ily needs (indi cated 
by the num ber of liv ing kin) may depend on the speed of the fer til ity tran si tion. 
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Fig. 3 Percentage difference in the expected number of living kin. Panel a shows the percentage difference 
in the expected number of living cousins between 15- and 25-year-old focal individuals, while panel b 
illustrates the difference in the expected number of living daughters between 65- and 70-year-old (shown 
as red lines) and between 65- and 75-year-old focal individuals (shown as blue lines). Solid and dashed 
lines represent fast and slow demographic transitions, respectively. These differences are calculated as 
(Eyoung − Eold) / Eold × 100%, where Eyoung and Eold denote the expected number of kin for younger and older 
focalindividuals,respectively.Thenumbersinthefigure,highlightedbythegrayverticallines,represent
percentage differences in 2000 and 2020. The gray horizontal line at 0% marks the threshold for more or 
fewer kin for younger focal individuals.
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909Changing Demographic Rates Reshape Kinship Networks

 Furthermore, the dif fer ence in kin size between indi vid u als of these char ac ter is tic 
ageswillincreaseunderafastertransition.However,suchaneffectwilldiminishas
fer til ity even tu ally con verges regard less of the speed. By 2000, fer til ity has already 
declined to 2 under a fast tran si tion with a large peer dif fer ence in the num ber of 
cous ins between 15- and 25-year-olds (approx i ma tely 30% vs. 20%). After 2020, 
even with a slow speed, the fer til ity decline has been com pleted, which reduces the 
impact of tran si tion speed on kin dif fer ences.

We pres ent the per cent age dif fer ence instead of the abso lute dif fer ence because 
theabsolutedifferenceisinfluencedbyourchoiceofTFR.Forinterestedreaders,the
abso lute dif fer ences are shown in the appen dix (Figure A5).

Another infor ma tive exam ple is the peer dif fer ence in liv ing daugh ters among old-
age Focals. Older indi vid u als with more adult daugh ters may have bet ter emo tional 
and instru men tal sup port, which is cru cial for their well-being and qual ity of life. As 
with cous ins, a rapid shift in fer til ity rates also impacts the num ber of adult daugh ters 
for an older Focal. In 2020, a 65-year-old Focal under a slow tran si tion has approx-
i ma tely 7% fewer daugh ters than a 70-year-old, while this peer dif fer ence is about 
20% under a fast tran si tion (red lines in panel b of Figure 3). This diver gence is even 
greater with a 10-year age gap: a 75-year-old rel a tive to a 65-year-old has about 11% 
fewer daugh ters under slow tran si tion and 34% fewer under fast tran si tion. This peer 
dis crep ancy is expected to van ish around 2040 under a rapid fer til ity decline. For a 
75-year-old Focal in 2040, her daugh ters would have been born between 1980 and 
2015 (if she gave birth between ages 15–50). Recall that under the fast-speed sce-
nario, fer til ity declines to 2 around 1982 and stays con stant until 2040, so the daugh-
ters of such an old Focal are not impacted by the fer til ity tran si tion. Similar rea son ing 
applies to a 65- and a 70-year-old Focal in 2040.

Our anal y sis of the expected num ber of liv ing daugh ters reveals the tran sient 
effect of fer til ity decline on the depen dence of older indi vid u als on those of work ing 
age.Undertheassumptionthatonlythenumberofdaughtersinfluencesthedegreeof
sup port, the more liv ing daugh ters an older indi vid ual has, the lower the aver age sup-
port per liv ing daugh ter, and the lower the depen dence of the older indi vid ual on each 
liv ing daugh ter. In the long run, as fer til ity declines to the same low level regard less 
of the speed of decline, the degree of depen dence and sup port will increase and sta-
bi lize, show ing the dimin ish ment and dis ap pear ance of the impact of dif fer ent speeds 
of fer til ity decline.

The Speed of Fertility Decline and the Age of Kin

The age of kin, much like the num ber of kin, is also impacted by fer til ity decline. 
The age dis tri bu tion of kin is a fac tor in deter min ing the type of sup port and infor ma-
tion avail  able. For a mid dle-aged Focal, sim i lar-aged cous ins may pro vide emo tional 
sup port and share resources as they might face sim i lar life chal lenges. If cous ins are 
much youn ger, instead of receiv ing sup port from cous ins, the Focal may need to pro-
videsupporttoandshareknowledgewiththem.However,astheFocalgetsolder,
such youn ger cous ins can pro vide phys i cal sup port.

When exam in ing the age dis tri bu tion of cous ins of a 50-year-old Focal, we found 
that the mean age of liv ing cous ins increases over time (left panel of Figure 4)  
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followed by a pla teau or even a slight decrease, while the stan dard devi a tion ini tially 
decreases and then increases (right panel of Figure 4). These changes are more pro-
nounced under a faster fer til ity tran si tion. This sug gests that with fast fer til ity tran-
sitions,Focalindividualscanmoreeasilyfindsimilaragedcousinsforsupportand
resource shar ing. To bet ter under stand the age dis tri bu tion of kin, we adopt a cohort 
per spec tive in the next sec tion.

Moreover,wefindthatthemeanageofFocal’scousinstendstobelowerthanher
own, owing to fer til ity age pat terns. In our sce nar ios, the age dis tri bu tion of fer til ity is 
always right-skewed under the early type (see Figure A1 for details), resulting in the 
mean age of moth ers being higher than their median age and, in turn, the mean age of 
daugh ters being lower than their median age. Thus, a Focal’s mother likely has more 
youn ger than older sib lings. This means that the Focal is more likely to have youn ger 
aunts, lead ing to more youn ger cous ins.

Using a Cohort Perspective to Understand the Number and Age of Kin

The kin of Focal at a cer tain year are accu mu lated from pre vi ous years. For exam ple, 
for Focal aged 50 in 2000, a 10-year-old daugh ter was born in 1990; a 30-year-old 
daughterwasbornin1970.However,allthesedaughtersaretheoffspringofthe1950
cohort. That is to say, the kin ship net work of a given age Focal at a given year is also 
the kin ship net work of a cor re spond ing birth cohort, which requires a complemented 
view from a cohort per spec tive. By reshaping the period fer til ity data from 1970 to 
2040 and assum ing con stant fer til ity before 1970, we can obtain the cohort fer til ity 
rates by age of mother for birth cohorts from 1920 to 1990 (see Figure A6).

Figure A6 and Figure A1 high light the dif fer ence between cohort and period per-
spectives.Using period agespecific fertility rates,we calculate theTFR for both
period and cohort. In our sce nar ios, period TFR declines at dif fer ent speeds from 
1970 to 2040 with no effect from the age pat tern of fer til ity (panel b of Figure 5). 
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at age 50. For each panel, the mortality is constant, the age pattern of fertility is the early type, and different 
speeds of fertility transition are shown by different colors.
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Cohort TFR also declines over birth cohorts at dif fer ent speeds, but a late fer til ity age 
pat tern (with a large mean age at birth) always leads to a higher cohort TFR com pared 
with an early pat tern of fer til ity (panel a of Figure 5).

As Ni Bhrolcháin (1992) noted, changes in the tim ing of cohort fer til ity dis tort 
period mea sures of the quan tum, or level, of fer til ity. A large mean age at birth means 
that women are delaying repro duc tion instead of stop ping, there fore, TFR observed 
from a period per spec tive is lower than that from a cohort per spec tive. The tempo 
effect can be espe cially pro nounced in countries where women have chil dren at 
increas ingly older ages. By looking at the expected num ber of liv ing daugh ters when 
Focal is at age 50, we can observe a sim i lar effect of fer til ity age pat tern on the num-
ber of kin (panel c of Figure 5): a late age pat tern of fer til ity leads to more liv ing 
daugh ters com pared with an early age pat tern. (Remember that we con sider only 
liv ing daugh ters.)

2

3

4

5

19
20

19
30

19
40

19
50

19
60

19
70

19
80

19
90

Cohort

C
oh

or
t T

FR
a

2

3

4

5

19
70

19
80

19
90

20
00

20
10

20
20

20
30

20
40

Year

Pe
rio

d 
TF

R

b

1.0

1.5

2.0

2.5

19
70

19
80

19
90

20
00

20
10

20
20

20
30

20
40

Year

N
o.

 o
f L

iv
in

g 
D

au
gh

te
rs

c
Speed

Fast
Medium
Slow

Age Pattern
Early
Late

Fig. 5 Cohort and period total fertility rate for different birth cohorts and the expected number of living 
daughters when Focal is at age 50. Panels a and b show the cohort and period TFR, respectively, and 
panel c shows the expected number of living daughters when Focal is at age 50, which is calculated from 
the kinship model. For each panel, the mortality is constant and different speeds of fertility transition are 
shown by different colors. Solid lines show results under an early age pattern of fertility, and dashed lines 
show results under a late age pattern.
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Next, we use a cohort per spec tive to under stand the age of kin. We cal cu late the 
age of daugh ters when Focal is at age 50 as

 Agedaughter = 51 – Agemother. (6)

Hereweuseage51insteadof50asweassumethebirtheventhappensatthebegin
ning of the age inter val. The cohort mean age of moth ers (i.e., cohort mean age at birth) 
is cal cu lated as the weighted arith me tic mean of ages of moth ers, where the weights are 
cohortagespecificfertilityrates.Equation(6)givesthecohortmeanageofdaughters
when the mother is age 50. Panels a and b of Figure 6 pres ent the mean age of daugh ters 
and moth ers, assum ing an early age pat tern of fer til ity and con stant mor tal ity.

Our anal y sis shows that while the period mean age at birth increases, the cohort 
mean age at birth does not increase in a lin ear fash ion. In any cohort, the age of 
daugh ters is neg a tively cor re lated with the repro duc tive age of moth ers, resulting 
in oppo site trends between daugh ters’ age and moth ers’ age at birth. Furthermore, 
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Fig. 6 Mean age of daughters and mothers calculated from cohort fertility rates, and the mean age of living 
daughters when Focal is at age 50 calculated using the kinship model. Panels a and b show the mean age 
of daughters and mothers when the mother is at age 50 by birth cohorts on the basis of cohort fertility 
rates. Panel c shows the mean age of living daughters when Focal is at age 50, which is calculated from the 
kinship model. For each panel, the mortality is constant, the age pattern of fertility is the early type, and 
different speeds of fertility transition are shown by different colors.
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the cohort mean age of daugh ters fol lows a trend sim i lar to the mean age of liv ing 
daugh ters in Figure 6, which is cal cu lated from the kin ship model. The dif fer ence is 
due to the sur vi vor ship of daugh ters, which is neg li gi ble given our assump tion of low 
mor tal ity rates at young ages. Similarly, cohort fer til ity can also help in under stand-
ing the age var i a tion among kin, as shown in Figure A7 for an exam ple of daugh ters.

Overall, this exam ple of daugh ters shows the con nec tion between period and 
cohort per spec tive and under scores the util ity of a cohort per spec tive for under stand-
ing the num ber and age of kin. The com par i son between the result from cohort data 
andtheresultfromthekinshipmodelclarifiesthemechanismunderlyingthemodel.
Nevertheless, comprehending the dynam ics of other types of kin is more com pli-
cated. For daugh ters of Focal, we can trace the mother’s birth cohort (i.e., Focal her-
self)forFocalofacertainageatacertainyear.However,forothertypesofkin,the
pro ce dure is more intri cate as their moth ers are a mix ture of dif fer ent birth cohorts 
with dif fer ent fer til ity rates and age struc tures.

Changes in the Age Pattern of Mortality and the Number of Kin

In con trast to the pre ced ing ana ly ses, the expected num ber of liv ing moth ers (i.e., 
the aver age prob a bil ity of hav ing a liv ing mother) is largely deter mined by mor tal-
ity.Wefindthatasmortalityratesdecrease,theprobabilityofhavingalivingmother
increases for both 15- and 55-year-old Focal indi vid u als (as shown by the solid lines 
in panel a of Figure 7). In con trast, under a con stant mor tal ity sched ule (as shown 
by the dashed lines in panel a of Figure 7), the prob a bil ity of hav ing a liv ing mother 
remains rel a tively con stant over time. The dif fer ence between the two sce nar ios is 
the effect of sur vi vor ship improve ment on the num ber of kin. We fur ther observe that 
this effect of sur vi vor ship improve ment is dif fer ent for a 15-year-old Focal indi vid-
ualthanfora55yearoldFocalindividual.Specifically,around2020,survivorship
improve ment has lit tle effect on the aver age prob a bil ity of hav ing a liv ing mother for 
a 15-year-old Focal, while it still has an impact on a 55-year-old Focal. This con trast 
can be explained by changes in the age pat tern of mor tal ity.

While sur vi vor ship rates for both the 0–55 and 50–90 age inter vals increase over 
time, the age pat tern of mor tal ity/sur vi vor ship is also chang ing (panel b of Figure 
7). Survivorship improve ment for the 0–55 age inter val almost stops around 2020, 
while it con tin ues for the 55–90 age inter val. Since a 15-year-old Focal indi vid ual is 
very likely to have a mother who is youn ger than 55 years old, around 2020 we also 
observe the dis ap pear ance of the effect of sur vi vor ship improve ment on the prob a bil-
ity of hav ing a liv ing mother for a 15-year-old Focal.

The expected number of livingmothers for a young individual has significant
impli ca tions for the eco nomic and famil ial assis tance that the indi vid ual may receive. 
Similarly, the prob a bil ity of hav ing a liv ing mother for a per son of work ing age is 
rel e vant to the sup port that the indi vid ual may need to pro vide.

From Stylized Demographic Transition to Empirical Cases

Our pre vi ous ana ly ses are based on styl ized demo graphic tran si tions, a sim pli-
fied representation of realworld scenarios. To connect the stylized transitions
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with  empir i cal cases, we exam ine kin ship net works in four illus tra tive countries 
with dif fer ent speeds of demo graphic tran si tion—Thailand, Indonesia, Ghana, and 
Nigeria.

Wefirstshowthevariationsintheexpectednumberoflivingkinacrossindivid
u als of dif fer ent ages and countries in 1950, 2000, 2050, and 2100 (see Figure A8). 
Generally, the prob a bil ity of hav ing a liv ing mother diminishes with increas ing age 
owingtoincreasedmortality(firstrowinFigureA8).Theexpectednumberofliving
cousinsanddaughters initially risesand thendeclines, influencedbyboth fertility
and mor tal ity pat terns (sec ond and third rows in Figure A8). Compared with the other 
three nations, Thailand expe ri ences a more rapid decline in mor tal ity, lead ing to a 
faster increase in the prob a bil ity of indi vid u als of all  ages hav ing a liv ing mother. 
Similarly, the num ber of cous ins and daugh ters for indi vid u als in Thailand ini tially 
decreases more swiftly owing to a rapid decline in fer til ity rates. For instance, in the 
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Fig. 7 Average probability of having a living mother when Focal is at age 15 and 55 and survivorship 
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915Changing Demographic Rates Reshape Kinship Networks

year 2000, indi vid u als aged 20–60 in Thailand, who were likely to have chil dren 
between 1960 and 2000, had the fewest liv ing daugh ters among the countries stud ied. 
This result is attrib ut  able to the rapid fer til ity decline in Thailand from 1960 to 2000.

Next, we ana lyze the peer dif fer ence in the num ber of kin. We use the exam ple 
of cous ins to under stand the sup port and infor ma tion poten tially received from or 
pro vided by kin of the same gen er a tion. A 15-year-old, on aver age, has fewer liv ing 
cous ins than a 25-year-old (see panel a of Figure 8). In 2000, this peer dif fer ence 
was as much as 30% in Thailand, sim i lar to the fast-fer til ity-decline sce nario in our 
styl ized tran si tions (refer to panel a of Figure 3). For old-age sup port, we exam ine 
theexpectednumberoflivingdaughtersforolderindividuals.Wefindthatthepeer
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Fig. 8 Percentage difference in the expected number of living kin. Panel a shows the percentage difference 
in the expected number of living cousins between 15- and 25-year-old focal individuals, and panel b illus-
trates the percentage difference in the expected number of living daughters between 65- and 70-year-old 
focal individuals. Different colors represent different countries. These differences are calculated as (Eyoung −  
Eold) / Eold × 100%, where Eyoung and Eold denote the expected number of kin for younger and older focal 
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kin for younger focal individuals.

D
ow

nloaded from
 http://read.dukeupress.edu/dem

ography/article-pdf/62/3/899/2286061/899jiang.pdf by guest on 02 July 2025



916 S. Jiang et al.

dif fer ence man i fests in two stages (see panel b of Figure 8). In stage 1, a 65-year-
old has more liv ing daugh ters than a 70-year-old owing to sim i lar fer til ity lev els 
(before the fer til ity tran si tion begins) and higher daugh ter sur vival for a 65-year-old. 
Instage2,whentheirreproductionisinfluencedbyfertilitydecline—withitsimpact
sur pass ing that of mor tal ity decline—a 65-year-old begins to have fewer daugh ters 
than a 70-year-old. The onset of stage 2 varies by coun try, occur ring ear lier in rapid- 
fer til ity-decline countries like Thailand and Indonesia (around 2000–2010) and later 
in Nigeria and Ghana (around 2060 and 2020, respec tively). This tim ing dif fer ence 
cre ates diver gent peer dif fer ences. For instance, in 2020, a 65-year-old in Thailand 
has 15% fewer daugh ters than a 70-year-old, while in Nigeria, a 65-year-old has 7% 
more daugh ters than a 70-year-old. When fer til ity con tin ues to be sta ble and mor tal-
ity remains low, as in Thailand and Indonesia in 2100, the peer dif fer ence grad u ally 
diminishes.

Whencomparingthefindingsfromthestylizedcasestotheempiricalresults,we
observe both sim i lar i ties and more pro nounced var i a tions in the empir i cal cases. For 
instance, the trends observed in Thailand closely align with the fast tran si tion sce-
nario in the styl ized cases, where the per cent age peer dif fer ences in the num ber of 
cous ins and daugh ters ini tially increase and then decrease. This pat tern sug gests that 
rapiddemographictransitionsresultinsignificantinitialdifferences,whicheventu
ally dis ap pear over time. In con trast, Ghana’s results resem ble the slow tran si tion 
sce nario from the styl ized cases. In Ghana, changes in the num ber of kin prog ress 
more grad u ally. The impact of demo graphic shifts is less pro nounced at the begin ning 
butbecomesmoreapparentoveranextendedperiod.Thisgradualchangereflectsa
slower pace of demo graphic tran si tion, where the effects of changes in fer til ity and 
mor tal ity rates take lon ger to man i fest.

In addi tion, we exam ined the age dis tri bu tion of cous ins of a 50-year-old focal 
indi vid ual. We found that the mean age of liv ing cous ins typ i cally fol lows a pat tern 
where it increases, reaches a pla teau, and then decreases over time, shown as the left 
panel of Figure A9. Meanwhile, the stan dard devi a tion of age shows a more com plex 
pat tern: in Thailand and Indonesia, it ini tially decreases and then increases, whereas 
in Nigeria and Ghana, the change is less pro nounced and more grad ual (right panel 
of Figure A9). Similar to the results based on styl ized cases, the changes are more 
pro nounced in countries with rapid demo graphic tran si tions, such as Thailand and 
Indonesia, where the entire pro cess is more com pressed. In these countries, the age 
dis tri bu tion of a focal indi vid ual’s cous ins becomes more uni form ini tially (shown 
as smaller stan dard devi a tions) before diver si fy ing again. Over a lon ger time scale, 
countries with slower demo graphic tran si tions, such as Nigeria and Ghana, may also 
expe ri ence a turn around in these trends, transitioning from an increase to a decrease 
or vice versa in the mean age and stan dard devi a tion in ages of liv ing cous ins.

Conclusion and Discussion

Conclusions Based on Stylized and Empirical Cases

The effect of demo graphic tran si tions on kin ship net works has been of con sid er able 
gen eral inter est. In this arti cle, we explore how demo graphic tran si tion, espe cially 

D
ow

nloaded from
 http://read.dukeupress.edu/dem

ography/article-pdf/62/3/899/2286061/899jiang.pdf by guest on 02 July 2025



917Changing Demographic Rates Reshape Kinship Networks

the speed of tran si tion, affects the num ber and age of kin. In our styl ized cases, a fast 
fer til ity decline is com pleted in only half a gen er a tion, a medium one in a gen er a tion, 
and a slow one in two gen er a tions.

Wefirstfindthatthedynamicsofthenumberoflivingkindependonthespeedof
a fer til ity tran si tion: so at any time, a fast fer til ity decline results in fewer liv ing kin 
than a slow decline for most types of kin, with the excep tion of direct ances tors (such 
as moth ers and grand moth ers), whose num bers are mostly affected by sur vival. The 
dif fer ence in the num ber of kin among peers (indi vid u als who are only a few years 
apart in age) is also larger in a fast fer til ity decline. For exam ple, from our styl ized 
demo graphic tran si tions, a 65-year-old indi vid ual on aver age has about 20% fewer 
daugh ters than a 70-year-old indi vid ual in a given year under a fast fer til ity decline, 
while the dif fer ence is only 7% under a slow decline. This dis par ity means that old 
indi vid u als who are only 5 or 10 years apart in age may expe ri ence dif fer ent lives. 
In many cul tures, daugh ters pro vide instru men tal and emo tional sup port to their old 
par ents even after mar riage, thereby maintaining the eco nomic and social sta bil ity 
of the house hold (Lei 2013). Moreover, from a bio log i cal stand point, daugh ters are 
one of the pri mary means by which an indi vid ual’s genes are trans mit ted to future 
gen er a tions, mak ing them cru cial for maintaining a fam ily lin e age. Although daugh-
ters are fre quently pri mary care giv ers in many con texts, we also acknowl edge that 
care giv ing respon si bil i ties can be shared among fam ily mem bers or supplemented by 
exter nal sources.

While the num ber of kin is undoubt edly impor tant, the age dis tri bu tion of kin is 
also cru cial in deter min ing the kind of sup port and infor ma tion that indi vid u als can 
obtainfromtheirkin.Wefindthatthespeedoffertilitydeclinehasadramaticeffect
on the mean and on the var i abil ity of the ages of kin. For instance, for a 50-year-old 
Focal, the mean age of Focal’s cous ins increases with time but remains lower than 
Focal’s own age, while the var i abil ity in cous ins’ ages ini tially decreases and then 
increases. Faster fer til ity tran si tions also lead to greater changes in both the mean age 
and age var i abil ity among cous ins. Our results show that a faster fer til ity tran si tion 
enlarges the prospects for amiddleaged individual to find a similaraged cousin.
Such cous ins may pro vide emo tional sup port and share resources dur ing cri ses or 
major life changes, as they often face sim i lar chal lenges and share gen er a tional expe-
riences.However,theanthropologyliteraturesuggeststhatagedispersionwithinkin
networksmayalsobebeneficial,offeringaccesstodiverseperspectives,skills,and
resources. Future research could explore the bal ance between the advan tages of age 
sim i lar ity and age dis per sion in kin sup port net works.

We show that a cohort per spec tive is valu able for under stand ing the changes in the 
num ber and age of kin under dif fer ent fer til ity lev els, as well as the effect of the age 
pat tern of fer til ity. Essentially, the kin ship net work of a given age Focal is an accu mu-
la tion of demo graphic events that may be best under stood from a cohort per spec tive. 
Using cohort fer til ity rates, we cal cu late the expected num ber as well as the mean and 
stan dard devi a tion of ages of daugh ters. These results are of course con sis tent with 
those from the time-vary ing kin ship model. Even with the same changes in period 
TFR, dif fer ent age pat terns of fer til ity (e.g., early or late mean age at birth) lead to 
differentnumbersofkin.Thisfindingcanbeunderstoodfromacohortperspective
as the quantum of period fertility tends to have large fluctuations and provides a
distorted view when there is change in the tim ing of cohort fer til ity (Ni Bhrolcháin 
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1992; Schoen 2022). Indicatorshavebeendeveloped toaddress thefluctuationof
periodmeasurements,suchasthe“tempoadjustedtotalfertilityrate”(Bongaartsand
Feeney 1998). While we do not claim that the cohort per spec tive is more sat is fac tory 
in demo graphic research, as some have advo cated (Ryder 1980, 1986), we empha size 
that the cohort per spec tive is valu able for our under stand ing of kin ship dynam ics. 
The above cohort ana ly ses as well as the kin ship model cen ter around the Focal, who 
serves as the ref er ence point for all  time lines involved. Therefore, the con ve nience of 
using the daugh ter as an exam ple is that we can track the birth cohort of the mother 
ofdaughters(whichisthebirthcohortofFocalherself)whenwefixFocal’sageata
cer tain year. This allows us to make a straight for ward com par i son between the results 
obtained from the fer til ity rates of dif fer ent birth cohorts and the results derived from 
thekinshipmodel.However,forothertypesofkin,theprocedureismorecomplex
because their moth ers belong to dif fer ent birth cohorts and have dif fer ent fer til ity 
rates and age struc tures.

Finally, because mor tal ity decline varies by age, changes in the age pat tern of mor-
tal ity also affect the num ber of kin. Using Focal’s mother as an exam ple, sur vi vor ship 
improve ment impacts the prob a bil ity of hav ing a liv ing mother dif fer ently for 15- and 
55-year-old Focal indi vid u als, because their moth ers are at dif fer ent ages and expe-
riencedifferentsurvivorshipimprovements.Historically,survivorshipimprovedfirst
among infants and young chil dren, which led to an increase in life expec tancy at birth 
(Cutler et al. 2006). Advances in med i cal tech nol ogy then extended these improve-
ments to other age groups. In the last few decades, increases in human lon gev ity have 
been driven by reduc tions in mor tal ity at older ages (Lee and Tuljapurkar 1997). 
These sur vi vor ship improve ments not only pose indi vid ual and social chal lenges, 
such as pen sion sys tem sus tain abil ity (Bongaarts 2004; Lee and Skinner 1999), but 
also cause changes in kin ship net works. For exam ple, the increase in the prob a bil ity 
of hav ing a liv ing mother stops ear lier in time for a young Focal indi vid ual than for 
an old Focal indi vid ual. A liv ing mother is fun da men tal to the sup port indi vid u als 
receivefromandprovidetoher.Healthstatus,economicstatus,andgeographicprox
im ity are also impor tant and can be cap tured by a mul ti state kin ship model (Caswell 
2020). The pres ence or absence of a liv ing mother also affects the level of bereave-
ment that individualsmayexperience,whichhas significant implications for their
phys i cal and men tal health (Ott 2003). The loss of a mother can also have effects 
on indi vid u als’ social, eco nomic, and rela tion ship well-being (Ellis et al. 2013;  
Finkelstein 1988; Mack 2004). Because our anal y sis includes only liv ing kin, future 
work could focus on the effect of demo graphic tran si tion, espe cially the speed of 
tran si tion, on the num ber and age of deceased kin.

In addi tion, we con duct sim i lar ana ly ses using empir i cal data from four illus tra tive 
countriesandfindthattheresultsalignwellwiththepatternsfromstylizedcases.In
countries with rapid demo graphic tran si tions, such as Thailand and Indonesia, the 
changes in the num ber and age of kin are more pro nounced, which matches the fast 
tran si tion sce nario in our styl ized demo graphic tran si tion. Conversely, in countries 
with slower demo graphic tran si tions, such as Nigeria and Ghana, the changes in kin-
ship net works are more grad ual, con sis tent with the slow tran si tion sce nario in the 
stylizedcases.Thesefindingsindicatethat,despitetheirsimplicity,stylizedcasescan
help one under stand kin ship dynam ics in real-world con texts. By hold ing one fac tor 
con stant (such as fer til ity or mor tal ity), we can fur ther iso late and ana lyze the effects 
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oftheotherfactoronkinshipdynamicsusingstylizedcases.However,stylizedcases
can not fully cap ture the complexities of actual demo graphic tran si tions. Therefore, 
the inte gra tion of styl ized and empir i cal cases, as used in this arti cle, offers a more 
com pre hen sive under stand ing.

Discussions on Formal Demographic Method

We use a for mal demo graphic method instead of microsimulation to ana lyze the 
changes in kin ship net works. Formal demo graphic meth ods are based on well- 
established math e mat i cal rela tions that are straight for ward and trans par ent (Coale 
and Trussell 1996). Their sim plic ity and repro duc ibil ity are valu able for macro-level 
ana ly ses, where stan dard ized com par i sons across dif fer ent stud ies and pop u la tions 
are essen tial. Such sim plic ity also encour ages research ers to focus on key deter mi-
nants of out comes, which increases the clar ity of the anal y sis by elim i nat ing unnec es-
sary com plex ity. By uti liz ing this ana lyt i cal approach, our study offers a broad view 
of how demo graphic tran si tions impact kin ship net works and can serve as a ref er ence 
point for future research incor po rat ing microsimulations or empir i cal data of kin ship 
net works.

Despite theseadvantages, formaldemographicmethodshavesignificant limita
tions. They often assume a static frame work with con stant rates over time and lin ear 
relationships,whichmaynotreflectthecomplexitiesofrealworlddemographicpro
cesses(KeyfitzandCaswell2005). They also typ i cally do not account for indi vid ual- 
level het ero ge ne ity or clus ter ing within pop u la tions. In the con text of kin ship net-
works, although the model we use accounts for tem po ral var i a tions in demo graphic 
rates, it still falls short in pro vid ing detailed infor ma tion on the dis tri bu tion of the 
num ber of kin to cap ture the indi vid ual het ero ge ne ity. For instance, con sider two 
societieswhere,onaverage,a70yearoldwomanhastwolivingdaughters.How-
ever,thereisasignificantdistinction,bothsociallyandeconomically,betweenasoci
ety with an equal dis tri bu tion (where every woman aged 70 has two liv ing daugh ters) 
and one with a more skewed dis tri bu tion (where 50% of such women have no liv ing 
daugh ters while the other 50% have four liv ing daugh ters). Empirical data sug gest 
that such var i abil ity in kin num bers is not triv ial (Kolk et al. 2023), but for mal demo-
graphic mod els strug gle to cap ture the detail. Multistate kin ship mod els (Caswell 
2020) can address some issues of het ero ge ne ity by incor po rat ing var i ous indi vid ual 
states, such as education,marital, and health status.However, asmore individual
char ac ter is tics and com plex inter ac tions are included, for mal demo graphic meth ods 
becomeinsufficient.

Incontrast,microsimulationmodelsoffergreaterflexibilityanddetail.Thesemod
els sim u late indi vid u als, gen er at ing syn thetic pop u la tions with real is tic gene a log i-
cal struc tures and enabling eval u a tions of kin-depen dent pro cesses (Wachter 1997). 
Microsimulations com ple ment and extend for mal meth ods by allowing the exam i na-
tion of indi vid ual het ero ge ne ity (van Imhoff and Post 1998) and pro vid ing the dis tri-
bu tion of the num ber of kin, which is essen tial to cap ture the var i a tions and disparities 
within a pop u la tion. Microsimulation can also sim u late inter ac tions within fam i lies, 
which can be chal leng ing in for mal demo graphic meth ods (Caswell 2001; Caswell 
and John 2018).However,theaccuracyofmicrosimulationmodelsrequiresdetailed
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and exten sive input data, which are chal leng ing to obtain and val i date. For instance, 
to model indi vid ual behav iors and inter ac tions, microsimulations require a wide array 
of input var i ables, which include not only stan dard demo graphic rates (e.g., birth, 
death, mar riage) but also socio eco nomic fac tors, health var i ables, and more. Such 
high-dimen sional spaces of inputs lead to equally com plex out puts, which makes the 
cal i bra tion pro cess com pu ta tion ally inten sive (Ruggles 1993; Zagheni 2015).

When con sid er ing the pre ferred con texts for each method, for mal demo graphic 
meth ods are ideal for stan dard ized, macro-level ana ly ses where clar ity and sta bil-
ity are impor tant. They offer a reli able frame work for com par ing dif fer ent stud ies 
and pop u la tions. On the other hand, microsimulation mod els are advan ta geous for 
detailed, indi vid ual-level ana ly ses that require an under stand ing of pop u la tion het-
ero ge ne ity and inter ac tions, espe cially when there are a large num ber of var i ables and 
numer ous pos si ble attri butes for these var i ables (Spielauer 2011; van Imhoff and Post 
1998). Recent advance ments in com pu ta tional power and the avail abil ity of large-
scale data have also made microsimulation mod els more fea si ble for demo graphic 
research (Zagheni 2015). In fact, both approaches are valu able and pro vide com ple-
men tary insights into demo graphic pro cesses (Billari 2015; Bongaarts et al. 1987).■
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