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1 Family Network Centrality Measures

Once the networks of intermarriages are constructed within the localities, we compute di↵erent cen-
trality measures for all families in the locality. Our primary measure is eigenvector centrality, which
we use as a specific instance of Katz or Bonacich Centrality (Katz, 1953; Bonacich, 1972, 1987).

Eigenvector, degree, Katz, and Bonacich centrality are all part of a group of network measures
that essentially start with the number of intermarriage connections your family has, and factors in
whether these families connected to your family are also themselves well-connected. In a sense, these
types of centrality measures are akin to a popularity contest, making them one of the most intuitive
ways of thinking about centrality in a network. The main di↵erences between the various measures
in this group is in how much they weight the importance of close vs. distant connections: for degree
centrality, for example, only direct ties matter and second- through nth-degree ties do not contribute
to centrality, while at the other extreme, Katz and Bonacich parameters can be set to consider even the
most distant ties as having a contribution to centrality.

Let F denote the adjacency matrix of family network f , such that F

ij

= 1 if there is a tie between
nodes i and j, and 0 otherwise. The Katz centrality Katz

i

( f ) of node i is given by:
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where ↵ is a constant corresponding to the decay factor. When the decay factor is close to 0, distant
connections become less important in determining centrality, and centrality is primarily determined
by close connections, converging to degree centrality when ↵ = 0. When the decay factor is large,
distant connections are more valuable and Katz centrality is influenced by the structural features of
the network as a whole. Generally, decay factors are chosen between 0 and 1/⇢(F), where ⇢(F) is the
largest eigenvalue of network F.1 We follow Banerjee et al. (2013) and choose a prominent value of ↵:
the inverse of the first eigenvalue of the adjacency matrix. For this particular value of ↵, Katz centrality
coincides with eigenvector centrality.

Degree Centrality

Degree centrality is the simplest measure, counting the number of ties that the politician’s family has to
other families. Following Wasserman and Faust (1994), we use two variants, a raw measure of the total
number of connections, as well as an indexed measure that compares the total connections to the family
with the highest total number of connections in the network. Since our ties represent intermarriages,

1Bonacich is a generalization of this measure that allows for an additional parameter, as well as negative values of alpha.
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they are undirected–that is, observing a tie from family A to family B implies an intermarriage between
the two families, but there is no directionality: family B is just as married to family A as family A is to
family B. As a result, we do not need to consider in-degree (inward) and out-degree (outward) ties.

Degree

i

( f ) =
X

F

ij

(2)

where F is the adjacency matrix of family network f , such that F

ij

= 1 if there is a tie between nodes
i and j, and 0 otherwise.
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Figure 1: Degree Centralities in a Network

Figure 1 shows the degree centralities in a sample family network. Family A has a degree centrality
of 3 because it has three ties through intermarriages, to families B, E, and F. Similarly, family B also has
a degree centrality of 3 because of its intermarriage ties with families A, D, and C. The highest degree
centrality belongs to family C, which has a degree centrality of 4, because it has intermarriage ties
with four families: B, G, H, and I.

Eigenvector Centrality

Eigenvector centrality is a measure of centrality that accounts not only for the number of ties, but also
whether these ties are themselves well connected (Bonacich, 1972, 1987; Jackson, 2010). Eigenvector
centrality is computed recursively by calculating the prestige of a family weighted by whether the
others connected to the family are themselves influential (see equation 3). Families that would be
considered central using this measure are those families that have many ties to other well-positioned
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families. As noted above, this is one of the more intuitive measures of centrality and is often used to
assess prestige and popularity.

Eigenvector
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( f ) /
X

F

ij

⇤ Eigenvector

j

( f ) (3)

where F is the adjacency matrix of graph f , such that F

ij

= 1 if there is a tie between nodes i and j

and 0 otherwise. This weights all of the ties to i by the connectedness of the tie (Bonacich, 1972, 1987).
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Figure 2: Eigenvector Centralities in a Network

Figure 2 shows the eigenvector centralities in the same sample family network. As in the eigenvector
centrality measures used in the paper, this example re-scales the eigenvector centralities to have a
maximum eigenvector centrality of 1. Recall that family A and family B both have degree centralities
of 3 (figure 1). However, because eigenvector centrality accounts for the not only the number of ties
but whether those ties themselves are central, we can observe that family B has a higher eigenvector
centrality than family A. This is because family B’s ties, families A, D, and C, have eigenvector
centralities of .7, .5, and 1, respectively. On the other hand, family A’s ties are families B, F, and E, with
eigenvector centralities of 1, .3, and .3, respectively–lower centrality than the ties of family B. Family
B’s eigenvector centrality is 1, while family A’s eigenvector centrality is .7.2

Betweenness Centrality

Betweenness centrality is the extent to which the family serves as a link between di↵erent groups
of families in the network. It assesses centrality by looking at whether the family is an important

2Family B’s eigenvector centrality is actually .97 compared to family C’s eigenvector centrality of 1. The values were
rounded in this example for simplicity.
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hub in the paths traversing the network and is calculated using the number of shortest paths in the
network that necessarily pass through the family (Freeman, 1977). Betweenness for any single family
is calculated in terms of its position compared to all other pairs of families (equation 4). Betweenness
centrality has implications for the ability of the family to serve as a link between di↵erent groups
(Padgett and Ansell, 1993).

Following the notation in Jackson (2010), in the family network f , let P

i

(kj) indicate the number of
shortest paths between family k and family j that necessarily pass through family i, while P(kj) is the
total number of shortest paths between k and j.

The ratio P

i

(kj)/P(kj) approximates the importance of family i in connecting k and j. If P

i

(kj) = P(kj),
yielding a ratio of 1, then family i lies on all of the shortest paths connecting families k and j. Conversely,
if P

i

(kj) = 0, then family i is not important for connecting families k and j.
Betweenness centrality is calculated by averaging this ratio across all nodes (Freeman, 1977).

Betweenness
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(4)

In our analysis, we normalize betweenness centrality for comparability:

Betweenness

i

( f ) =
X

P

i

(kj)/P(kj)
(n � 1)(n � 2)/2

(5)

E: 0

F: 0

A: 15

C: 21

B: 26

D: 8

G: 0

H: 0

I: 0

J: 0

Figure 3: Betweenness Centralities in a Network

Figure 3 shows the betweenness centralities in the same sample family network. As indicated
above, betweenness centrality is calculated first by counting the number of shortest paths through the
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network that necessarily pass through the family. Using family D as an example, we can see that D

lies on 8 of the shortest paths through the network: all of the paths that originate from family J to all
of the other nodes in the network.

As in the previous two examples, while betweenness centrality does tend to be correlated with the
other centrality measures, it does not always produce the same results as eigenvector and degree. For
example, from figure 2, we know that families B and family C both have eigenvector centralities of 1,
the maximum in the network. However, they have di↵erent values of betweenness centrality because
of the number of shortest paths through the network that necessarily pass through them. Family C is
on 21 shortest paths through the entire network, as it is a link from families G, H, and I to the rest of
the families in the network. Family B has the highest betweenness centrality because it links families
C, H, G, and I with the rest of the network; D and J with the rest of the network; and A, E, and F with
the rest of the network. Note that family B does not lie on the shortest path when linking families
within these clusters (i.e., family B is not needed to link I and H or C and G), but only when linking
across clusters.
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