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Voter models on weighted networks and limits of the mean-field approach
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The classical Voter model1 is a paradigm in the statis-
tical physics approach to social modeling2. It describes
the spreading of opinions/ideas based on a pure imita-
tion process: at each time step an individual is select-
ed and copies the opinion of a neighbor of hers. In the
most common version only two opinions compete in the
population, and in finite systems all individuals ends up
sharing the same one (i.e. consensus is reached). The
model has been extensively studied on different topolo-
gies, ranging from regular lattices to complex binary net-
works. However, the role of heterogeneous connectivity
patterns has not been deeply investigated so far, even
though many network structures found in technological,
biological or social contexts are intrinsically weighted, i.e.
connections have widely varying strengths.

Here we present a thorough analysis of the Voter mod-
el on complex weighted networks3. We write down het-
erogeneous mean field equations that allow us to esti-
mate the exit probability (i.e. the probability that a
given opinion will survive, depending upon the initial
conditions) and the consensus time. We focus on net-
works characterized by power-law degree distribution and

point out that the interplay between the degree expo-
nent and the link strength yields an extremely complex
phenomenology that can be rationalized in a phase plane
adopting simple assumptions. We also introduce the con-
cept of annealed weighted network and discuss how the
validity of heterogeneous mean field theory is, strictly
speaking, limited to these structures4. However, we show
that the same approach is able to describe the model
accurately also on quenched weighted graphs, provided
the link strength is not too strong. We finally discuss
the implications of our findings for the modeling of more
complex processes on complex weighted networks.
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