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Migration of Populations via Marriages in the Past

Sang Hoon LEE and Beom Jun KIM

The study of human migration is fundamentally important
and has great potential value. For example, it can augment ef-
ficient city planning and protection when faced with pan-
demic outbreaks. Recently-introduced rich sources of data
have truly led to remarkable attempts to characterize modern
human (especially short-term) mobility. The scarcity of com-
parable historical data, however, makes the study of human
mobility patterns in the past much more difficult. In this ar-
ticle, we present an analysis of long-term human migration.
We use the data record from Korean family books (called
“jokbo”) to estimate migration patterns via marriages for the
past 750 years. We apply two generative models of long-term
human migration to quantify the relevance of geographical in-
formation to human marriage records in the data, and we find
that the different types of geographical distributions of the
clans (called “Bon-Guwar) pose rather interesting challenges
for the direct application of these models. With the geo-
graphical distributions of clans, we quantify the “ergodicity” of
clans in terms of how widely and uniformly they have spread
across the Korean peninsula, and we cross-compare these re-
sults to those obtained using surname data from the Czech

Republic. Based on the correlation between ergodicity and mi-
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gration in Korea, we identify two different kinds of migration
patterns: diffusive and convective. We expect analyses of dif-
fusive versus convective effects in population flows to be wide-
ly applicable to the study of mobility and migration patterns
across different cultures.
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Fig. 1. Examples of (a) ergodic (Kim from Gimhae) and (b) non-
ergodic (Lee from Hakseong) clans. We color the regions of South
Korea based on the fraction of the total population composed of
members of the clan in the year 2000. We use arrows to indicate
the origins of the two clans: Gimhae on the left and Ulsan
(“Hakseong” is the old name of the city) on the right. In this
map, we use the 2010 administrative boundaries.
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Fig. 2. Flux predictions from the special case of the gravity model
with y=0 and a=1, and the radiation models for jokbo 1. (a)
Scatter plot of the number of clan entries in jokbo 1 versus the corre-
sponding centroid in 2000 using the gravity-model flux of women
from clan i to clan j and with «=1. We compute the line using a
linear regression to find the fitting parameter a, ~6.55(4) <10~ !
(with a 95% confidence interval) to satisfy the expression N, =a,G;;,
where G; is the gravity-model flux and 4, is the total number of en-
tries from clan 4 in the jokbo. (b) We compare the same clan entries
using the radiation model. We compute the line using a linear re-
gression to find the fitting parameter a, =~ 0.049(2) to satisfy the ex-
pression N, =a,f7,;, where R, is the radiation-model flux of women
from clan i to clan j and A, is the total number of entries from clan

i in the jokbo. In both panels, we color the points using the number
of administrative regions that are occupied by the corresponding
clans [see Figs. 3(a) and (b)]. The red markers (outliers) in both pan-
els correspond to the clan of jokbo 1 (ie, the case i=j).
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Fig. 3. Distribution of the number of different administrative regions
occupied by clans. (a) Probability distribution of the number of differ-
ent administrative regions occupied by a Korean clan in the year
2000. (b) Probability distribution of the number of different admin-
istrative regions occupied by the clan of a Korean individual selected
uniformly at random in the year 2000. The difference between this
panel and the previous one arises from the fact that clans with larger
populations tend to occupy more administrative regions. [That is, we
select a clan uniformly at random in panel (a), but we select an in-
dividual uniformly at random in panel (b).] (c) Probability distribution
of radii of gyration (in km) for clans in 2000. (d) Probability dis-
tribution of radii of gyration (in km) for clans of a Korean individual
selected uniformly at random in 2000. The difference between this
panel and the previous one arises from the fact that clans with larger
populations tend to occupy more administrative regions.
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Fig. 4. (a) Probability distribution of the number of different admin-
istrative regions occupied a Czech family name in 2009. Note that the
two leftmost bars have heights of 0.17 and 0.03 (with 0.17 at the
farthest left), but we have truncated them for visual presentation. (b)
Probability distribution of the number of different administrative re-
gions occupied by the clan of a Czech individual selected uniformly
at random in 2009. The difference between this panel and the pre-
vious one arises from the fact that clans with larger populations tend
to occupy more administrative regions. [That is, we select a clan uni-
formly at random in panel (a), but we select an individual uniformly
at random in panel (b).] (c) Probability distribution of radii of gyration
(in km) of Czech family names in 2009. (d) Probability distribution of
radii of gyration (in km) of Czech family names of a Czech individual
selected uniformly at random in 2009. The difference between this
panel and the previous one arises from the fact that clans with larger
populations tend to occupy more administrative regions. Observe that
the distributions in panels (a) and (b) are starkly different from the
distributions in panels (a) and (b) from Fig. 3.
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Fig. 5. Fraction of ergodic clans and distance scales of clans. For this
figure, we use the 3900 clans from the 2000 census data for which
we were able to identify the origin locations. (a) Fraction of ergodic
clans versus distance to Seoul. The correlation between the variables
is positive and statistically significant. (The Pearson correlation co-
efficient is » = 0.83, and the p-value is p=0.0017.) For the purpose
of this calculation, we call a clan “ergodic” if it is present in at least
150 administrative regions. We estimate this fraction separately in
each of 11 equally sized bins for the displayed range of distances. The
gray regions give 95% confidence intervals. (b) Fraction of ergodic
clans versus the distance between the location of clan origin and the
present-day centroid. We measure ergodicity as in the left panel, and
we estimate the fraction separately for each range of binned
distances. (We use the same bins as in the left panel.) The correlation
between the variables is positive and significant up to 150 km
(r=0.94, p~0.0098) and is negative and significant for larger dis-
tances (r =—0.98, p~2.4x10"").
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