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Economists widely recognise that people’s consumption decisions respond to the consumption deci-
sions of others. Existing literature documents two main stylised facts about these responses. First,
an influential paper by (Charles et al.| [2009] documents that, holding their own permanent income
fixed, people in the US consume less when average income of those of the same race and who live
in the same state is higher. Second, work by Kuhn et al. [2011] shows that people consume more
when average income of their geographic neighbours increases. This is often called a “Keeping up
with The Joneses” effect. One the face of it, these two stylised facts may appear to conflict. Plus,
the classes of models typically used to rationalise each of them — signalling models for the |(Charles
et al.| [2009] result and social comparisons models for the Kuhn et al|[2011] result — cannot capture
both simultaneously.

We present a simple model of social identity that explains both of these stylised facts as a single
phenomenon. In it, people derive status directly from consuming visible goods themselves, and
from belonging to an identity that consumes lots of visible goods. In our model, this identity group
status depends on average consumption of visible goods by members of the identity group, and we
assume there is some substitutability between status from each of these two sources. People also
feel pressure to conform to some benchmark for their identity, and we assume it depends only on
a person’s neighbours rather than their entire identity group. These two features are both core
components of social identity theory |Costa-Font and Cowell, 2015]. Our model is also able to
speak to the first stylised fact without relying on the characteristics of the very poorest person —
which is needed in signalling models. This aligns our model and its predictions more closely with
the kind of data typically available.

We also explain a third and a fourth stylised fact, both of which are related to the main two
facts. Third, Kaus [2013] finds that richer people are more sensitive to changes in the income of
others. Our model predicts exactly this behaviour. Fourth, Charles et al. [2009] find that higher
dispersion of income within a person’s reference group leads to lower conspicuous consumption
among Whites, but higher conspicuous consumption among Blacks. Our model is flexible enough
to capture these contrasting behaviours. It can do so because it finds that the overall impact of
a change in inequality depends on the network structure. Therefore we can explain both of these
findings if Blacks and Whites have different network structures.

We believe explaining the fourth stylised fact in this way is a useful contribution because it
does not rely on differences in preferences across racial groups. Charles et al.| [2009] stress that an
advantage of their signalling model is that they can explain their main empirical findings without
falling back on racial differences in preferences. But they rely on exactly these differences to explain
their findings regarding inequality.

On the way to explaining these four stylised facts, we provide a simple characterisation of
behaviour. It shows that consumption depends critically on a measure of network centrality that

is closely related to Bonacich centrality [Katz, 1953, Bonacichl |[1987] — a well-known metric in the



networks literature. Both an agent’s own centrality and the average centrality among her identity
group are important. Centrality is increasing in the strength of network connections, in an agent’s
own income and in the income of those share her identity and whom she is connected to in the
network (whether directly or indirectly). Related to this, we find that stronger homophily — when
people are more tightly connected to those like themselves — increases consumption. This is because
being more focused on people with her own identity increases the pressure an agent feels to conform
— which here pushes up consumption.

We also study the effect of inequality. Doing so requires some simplifying assumption to keep
the model tractable. We approach this from two different angles. The first shuts down some
of the complex network effects by assuming that people only interact with others who have the
same income. Here, the impact of redistribution depends on the relatively network density of
groups whose income change, rather than on whether redistribution raises or lowers inequality. It
is this viewpoint that explains our fourth stylised fact. The second approach imposes a regularity
condition on the network, but retains interactions between people with different incomes. With this
approach, redistribution increases average consumption if (and only if) the redistribution reduces
inequality.

It is now helpful to discuss social identity models, and the key features of ours, in a little more
detail. Social identity theory assumes people have an identity, and that this affects their utility
in three ways. First, they gain status benefits associated with their identity — typically based on
some summary statistic of all the people who share their identity. Second, there is some pressure to
conform — they bear some dissonance costs if they differ from a prototype for their identity. Third,
ties to others sharing their identity affect dissonance costs. Status benefits come from average
visible goods consumption of people holding a given identity.

Our model makes two assumptions that are not standard in existing models of social identity.
First, that people derive some status benefit from their own consumption, and that this component
of status is a substitute for the status from the social identity. An intuitive way to view this
substitutability is to assume that people simply get status from both sources — their own visible
consumption and the average income of their identity — but that utility is concave in total status.
Second, we assume the status associated with an identity depends on the whole population, while
dissonance depends only on a set of neighbours. Intuitively, a person’s view of what they should
be conforming to depends on who they know.

That status depends on a population average is standard. However, the assumption that disso-
nance costs depend on neighbours’ decisions is much richer than normal. Existing models of social
identity assume the prototype is exogenous. In contrast, we both demand consistency between
actual behaviour and the prototype. By using an explicit network, we also allow this prototype to

differ across peopleﬂ In light of this, we make a simplifying assumption in the interest of tractability

1Using an exogenous fixed prototype will often result in (average) equilibrium consumption for an identity being
different from the prototype. However, the prototype is supposed to capture what is ‘normal’ consumption for that



— we assume the social identity is exogenously fixed.

To see how this model explains both main stylised facts, suppose that incomes increase for some
people. These people increase their consumption of visible goods — the traditional direct response
to an increase in own income. Now let us focus on a single person whose income did not change.
The change in other people’s income creates two spillover effects. First, it increases the status
benefits for the single person, by increasing the average income of those who share her identity.
This then pushes her to consume fewer visible goods — because the status from her identity and the
status from her consumption of visible goods are substitutes. Second, it increases her neighbours’
consumption, which increases the pressure to consume visible goods through the dissonance costs.
This pushes her to consume more visible goods.

Which of the two forces wins out depends on how closely connected the single person is to the
people whose incomes increase. This is what delivers both of the stylised facts. When the people
whose incomes increase are close neighbours (as in Kuhn et al.|[2011]) we should expect the second
force to win out — so she consumes more visible goods. In contrast, when these people are not
closely connected to her (as in [Charles et al. [2009]) we should expect the first force to win out —
delivering the seemingly counter-intuitive result that she consumes fewer visible goods.

The rest of the paper is organised in the usual way. Section [1| briefly reviews related literature.
Section [2| presents the model. Section [3] presents the results. Section [4 shows how our model

explains the stylised facts. Then Section [5| examines the impact of inequality.

1 Literature

This paper relates to a very large literature on interpersonal comparisons in consumption decisionsﬂ
Work on this aspect of consumer behaviour span a diverse range of disciplines, including marketing,
sociology, politics, social psychology, economics and neuroscience. It is variously referred to as
‘conspicuous consumption’ or ‘status consumption’ﬂ See Dubois and Ordabayeva, [2017] and Dubois
et al. [2021] for recent reviews in psychology, and Bramoullé and Ghiglino [2022] for up to date
references within economics.

There is also an influential literature within economics that focuses on direct income compar-
isons across individuals, rather than consumption comparisons. This literature shows that people’s
happiness is negatively affected by others’ income. Recent empirical evidence on this front in-

cludes Luttmer| [2005], |Clark et al. [2008] and Brown et al.| [2008], and relative income concerns

identity. We consider this an undesirable tension because it allows permanent differences between what is actually
normal behaviour for an identity and what is supposed to be normal behaviour for that identity. The network can
of course be asymmetric. For example, people may feel pressure to conform with celebrities they have never met
personally, but these celebrities likely do not feel corresponding pressure to conform to them.

2See [Bursztyn and Jensen| [2017] for an interesting survey of the wider topic of social pressure.

30’cass and McEwen| [2004] present empirical evidence showing that while ‘status consumption’ and ‘conspicuous
consumption’ are not entirely identical in principle, they substantially overlap in practice.



are also found in a range of laboratory experiments |[Cooper and Kagel, 2016]E| Our model is one
of conspicuous consumption in the sense that people care directly about others’ consumption. But
others’ income has an indirect effect, via its influence on their consumption. So we will examine
how income, and especially income inequality, affects people’s consumption.

Within this vast literature, our work is most closely related to: the signalling and social com-
parisons models currently used to explain the main stylised facts, to the social identity theory work

we build, and to work on the relationship between inequality and conspicuous consumption.

Signalling. At the heart of signalling models is the idea that agents take actions to advertise
their underlying type. This provides one clean rationale for consumption of visible and luxury
goods — signalling otherwise unobservable income, when income carries social status. |[Charles et al.
[2009] use a signalling model — which follows (Glazer and Konrad| [1996] very closely — to explain
the first stylised fact. There, people use consumption of visible goods to signal their (unobservable)
income. In this family of models, people signal to differentiate themselves from those who have
lower income. Equilibrium is ultimately determined by the behaviour of the poorest person; who
never does any signalling in equilibrium. A consequence of this framework is that a person’s con-
sumption is unaffected by changes in incomes among those richer than herself. The model therefore
cannot provide an exhaustive explanation of the data — which concerns changes in mean incomes,
regardless of which part of the distribution is driving the change in the meanﬂ Additionally, with
no explicit notion of ‘neighbours’, these models struggle to explain the second stylised fact — that

people consume more when their neighbours’ incomes rise.

Social Comparisons. In contrast to signalling models, most of the literature on conspicuous
consumption assumes that visible and luxury goods carry status directly, and so focuses directly
on interpersonal comparisons in the consumption of these goods. Such ‘social comparisons’ models
can explain the second stylised fact — that people consume more when their neighbours’ incomes
increase. This family of models posits that people desire high consumption relative to others, not
just in absolute terms. It is often called a ‘Keeping Up With the Joneses’ effect. Our paper is most
closely connected to a relatively recent strand that uses an explicit network to allow for very rich
patterns of social comparisons. The broader literature on social comparisons in consumption is
very old — dating at least to|Veblen| [1899] and Duesenberry| [1949] in economics — and far too large
to survey here. Explicit networks were first introduced into social comparison models by [Ghiglino
and Goyal [2010]H Other recent contributions include Immorlica et al.| [2017], Langtry| [2022] and

“Early contributions to this literature include [Festinger| [1954], [Frank| [1985b| and [Van de Stadt et al.| [1985].

5Changes to the income of the poorest person (i.e. to the support of the income distribution) is what drives
changes in visible goods consumption in the [Charles et al.| [2009] signalling model. While [Charles et al.| [2009] draw
an analogy between reducing the minimum income in the distribution and reducing the mean, they need not go
together. Strictly speaking, the model and the data do not look at exactly the same quantity.

5Before explicit networks were introduced, most authors either assumed that people care about their consump-



Bramoullé and Ghiglino| [2022)[1]

These models can cleanly explain why someone consumes more visible goods if their neighbours’

incomes increase. However, they cannot fit the first stylised fact. Because these models embed a
desire to ‘Keep Up With the Joneses’, an increase in the incomes of some people must (weakly)

increase everyone’s consumption of visible goods.

Social Identity. Our model builds on existing models of social identity theory in economics.

|Akerlof and Kranton| [2000] and Shayo| [2009] make seminal contributions, formalising social iden-

tity in economics and introducing the notions status dissonance costs which are core parts of the

modelling framework (see |Costa-Font and Cowell [2015] for a survey). A number of recent papers

extend or apply Shayo’s approach (see for example, Klor and Shayo| [2010], |(Gennaioli and Tabellini|
12019], |Grossman and Helpman| [2021], [Lindqvist and Ostling| [2013], and 2020]). These
papers allow people to choose their identity, but keep each identity’s prototype (the benchmark for

‘normal’) exogenously fixed.

In contrast, we make the prototype endogenous — in effect demanding that there are not persis-
tent differences between actual behaviour in equilibrium and the benchmark for ‘normal’ behaviour.
However, we do not allow people to choose their identity. We keep identity exogenously fixed in
the interest of tractability, and because it is not needed to explain the stylised facts we focus on.
For each identity, we follow the utility formulation in but we make the prototype

endogenous, and base our formulation of the prototype on factors Cameron| [2004] identifies as key

for social identity. Clearly, there are other factors affecting which identity becomes salient including

the cognitive cost of switching identities [Zinn et al., [2022].

Inequality and conspicuous consumption. Formal models within economics provide ambigu-

ous results on the link between inequality and conspicuous consumption. In (Charles et al.| [2009],

equilibrium only depends on the poorest consumer, so redistribution of income from a poorer person
to a richer person has an ambiguous effect on total consumption. The poorer person will consume
less, and the richer person will consume more. but total consumption only increases if consumption
is a convex function of income, which is not a uniform property of the data . Similar
predictions come out of other versions of the signalling model (for example, [Ireland| [2001], [Heffetz
[2011], Moav and and Neeman| [2012] and [Jinkins [2016]). Finally, Bilancini and Boncinelli| [2012]

tion relative to the population average |[Abell |1990, |Clark and Oswaldl, |1996] [Ljungqvist and Uhlig), 2000, [Luttmer]
or about their rank within the population [Frank, [1985alb, [2001, [Hopkins and Kornienko, [2004]. More recent
contributions include [Heffetz| [2011], [Frank et al|[2014], Drechsel-Grau and Schmid| [2014], |Alvarez-Cuadrado et al|
[2016], [Jinkins [2016], Bertrand and Morse| [2016] and [De Giorgi et al.| [2020].
"By also using an explicit network, our paper relates to the literature of network games — [Jackson and Zenou
[2015] and Bramoullé et al|[2016] provide detailed surveys. A paper in this literature for our purposes is Ballester
et al| [2006], which introduces a measure of network centrality — called Bonacich centrality (first defined by @
1953| and |Bonacich| [1987]) — as the Nash equilibrium of a game of social interactions. Our contribution to this
literature is to show how network games of this kind can be added to models from social identity theory.




confirms that with ordinal utility, inequality reduces conspicuous consumption while with cardinal
status inequality may increase conspicuous consumption.

The effects of inequality on luxury goods consumption has recently been studied in consumer
psychology. |Walasek et al|[2018] find that income inequality is associated with high frequency
and greater positivity of tweets mentioning luxury brands, and less frequent tweets mentioning low
status brands (see also |Walasek and Brown| [2015]). Relatedly, Bellet and Colson-Sihral [2018] find
that inequality has an effect on the consumption of luxury goods by poor individuals in India (see
also Drechsel-Grau and Schmid| [2014]). Formal models of this literature also predict a positive
link between inequality and conspicuous good consumption, as for example the models on social
rank proposed by Daly et al|[2015] and by [Walasek and Brown| [2016]. The link appears to depend
on circumstances. In a laboratory experiment, |Ordabayeva and Chandon! [2011] find that reducing
inequality reduces conspicuous consumption when poorer consumers do not care about status, but
increases their conspicuous consumption when they do.

Existing literature also hints at the idea that the link between income inequality and conspicuous
consumption depends on the social network; that is, on the granular details of who compares
themselves with whom |Ghiglino and Goyal, |2010]. By including an explicit social network that is
able to capture very rich patterns of interpersonal comparisons, this is something our setup is able

to investigate more formally.



2 Model

Agents and endowments. There are J agents, with typical agent j. Fach agent is endowed with
income w; > 0 and a fixed identity 0;, from a finite set of possible identities ©. Further, agents are
embedded in a network that is represented by a J x J non-negative matrix G. We say that agent
k is a neighbour of j if Gj; > 0, and assume that j is not her own neighbour (so G;; = 0 for all
])EI Let I(0) = {k : 6, = 0} be the set of agents who have identity 6. Then I(0;) = {k : 6, = 0;}

is the set of agents who have the same identity as j (including herself).

Consumption and prototypes. Agents simultaneously choose consumption of a visible good,
xj > 0. Each identity 6 has a prototype, Y (6) = ﬁe)\zkel(e) T, which is simply the average
consumption of agents who have that identity. Additionally, each agent j has a reference point,
Y; = Zke[(ej) Gjrxy, which is a weighted sum of the consumption of their neighbours who share
their identity. The reference point is similar to the prototype, but (a) only includes people j is

connected to in the social network, and (b) allows the weights to be heterogeneous.

Benefits and costs: status and dissonance. Agent j gets status benefits that is increasing in
her identity’s prototype, Y (6;), and in her own consumption, ;. We assume that own consumption
and prototypical consumption are substitutes. Agent j also experiences dissonance costs when her
consumption differs from her reference point. Specifically, we assume dissonance is convex in the
difference between her own consumption and her reference point.

Note that j’s prototype depends on everyone who shares her identity, but her reference point
depends only on her neighbours who share her identity. As is standard, there is also a convex cost
of consumption. Both absolute and marginal cost of consumption are decreasing in own income.
This cost function captures spending on other goods (which are outside of our model) in a reduced

form way; implicitly assuming some concave benefits from consuming the unmodelled goods.

Preferences. In order to fix ideas and to show the results more clearly, we impose a particular

functional form. We assume agents have the following preferences:

YT, 1
J J
St;;us Dissonance Cost

with a > 0, 8 > 0, v > 0. This strong functional form assumption allows for more transparent
analysis, especially regarding the role of the network. In Appendix we replace Equation
with a far more general functional form and show that there is still a unique equilibrium. The

generalisation does not provide new economic insight, but does suggest that our results are driven

8The network is weighted and directed as we allow Gjx € RT and G, # Gyj, respectively.



by the social identity framework rather than by the particulars of the functional form we chose.
Recall that Y'(0;) = m Zke](ej) xp and Y; = Ekel(ej) Gjrxi. With this functional form, our
assumption that the status benefits are increasing in Y (f;) may not always be met. We will impose
an assumption on the network structure that guarantees it is always met in equilibrium. Econom-
ically, it amounts to a requirements that the dispersion in network centrality is ‘not too high’. As
is standard, we will also impose an assumption on the network structure needed to guarantee that
our measure of network centrality is well-defined. Before stating these assumptions formally, we

first need to introduce some machinery.

Machinery. First, only the with-identity links in the network will matter. This is because we
assumed that in both the status and dissonance functions, an agent only cares about those who share
her identity. So we work with a sub-network containing only the within-identity links. Formally,
define G such that @jk = G, - 1{0; = 0;} for all j, k, where 1{-} is an indicator function.

Second, a variant on Bonacich centrality (a well-known measure of network centrality) will play
a key role in our results. The definition is a little terse, but is intuitively much the same as a
standard measure of Bonacich centrality, except that the network is weighted by the importance
of the dissonance function, 3, and by agent’s income, w;. For this, define a network H where
Hj, = %@]k for all j, k. It will be important to bear in mind that the network H is a function

of @, agents’ incomes, and of 3.

Definition 1 (Generalised Bonacich Centrality). The centrality of agent j is:
> w
b __ t k

ct-3 |3

k Lt=0

k'ﬁwk-f—l @

In the interest of brevity, and because it the centrality measure that matters in our model, we
will just refer to this as ‘centrality’. It will also be convenient to define the average centrality of
agents with a given identity. Formally, let C’g = Wlm\ D oke 10) C,l: be the average centrality of agents
with identity 6.

Unsurprisingly, we need centrality to exist and be well-defined. A standard result is that
centrality is well-defined if and only if the largest eigenvalue of the matrix is strictly less than one
[Ballester et al., 2006, Bramoullé et al., [2016]. This condition ensures that the infinite sum in

Equation converges. The result extends straightforwardly to our definition of centrality.
Assumption 1. |\1| < 1, where A1 is the largest eigenvector modulus of the matriz H.

Finally, we need to ensure that the status benefits are increasing in both arguments in equilib-
rium. A necessary and sufficient condition for this is that no agent’s centrality is ‘too far’ above

the average. Formally, it amounts the the following restriction.



Assumption 2. Assume that for all agents j:

o = 1 = = 8y
where Z = chj + - (aCé’j)O'5 : (aCé)j + 2)0'5'

273
Ct <
4

P14+ 1+ a)Z’

Intuitively, each agent’s centrality must be less than some (increasing) function of the average

centralityﬂ To our knowledge, there is no strong intuition behind the particular functional form on

this restriction. Nevertheless, it is clear that the higher the average centrality, the more dispersion
in centralities is possible.

We impose Assumption [T] and Assumption [2] throughout the paper. We will not restate this for

each result.

Discussion: the prototype and reference point. Before moving the the results, it is helpful to
briefly discuss the prototype and reference point in our model. Existing literature on social identity
theory in economics assumes the prototype and reference point are exogenous. A limitation of this
assumption is that it allows for inconsistency between what is considered ‘normal’ behaviour for
an identity group (the prototype) and the actual behaviour of that group. In the short run, this
inconsistency may be natural. But in the long run,it is a demanding assumption — in effect it
requires that society never learns that its prototype is incorrect.

In contrast, we suppose that both the prototype and the reference point are determined en-
dogenously. That is, our model demands consistency between the prototypical consumption of an
identity group and the actual consumption of people in that group. We view this consistency as an
important in our setting. As a further step, we allow the reference point to depend on an agent’s
position in a network. This follows the now-common notion that people compare themselves to
those they actually interact with (e.g. |Ghiglino and Goyal [2010], Immorlica et al. [2017], Bramoullé
and Ghiglino| [2022]). The trade-off is that we treat identity as fixed in order to keep the model

tractable and ensure clean results.

9The right-hand side of the restriction in Assumption [2] is increasing in C_'Jl-’ . This is because centralities must
always be (weakly) larger than one — so the same must be true of average centrality.

10



3 Results

This section analyses behaviour in our model. We characterise equilibrium behaviour, present
some comparative statics, and show the link between homophily — the tendency for people to be
connected to those similar to themselves — and consumption. These results are of independent
interest, and are also needed to to show how the model explains the stylised facts (which we show

in the next section).

3.1 Solving the Game

Having set out the necessary machinery and assumptions in Section [2, we can immediately char-

acterise equilibrium behaviour.

Proposition 1. There exists a unique equilibrium. For all j equilibrium consumption is:

« 1 8l b
=5 (a—l— }lacgj+}l(acgj)o,5,(acgj+%z/)o.5> Cj. (3)

The dissonance costs create pressure to keep up with their neighbours. This creates strategic
complementarities in consumption. An agent wants to consume more visible goods when her
neighbours consume more. Further, agents’ best responses are linear in neighbours’ consumption.
It is easy to see this by differentiating Equation with respect to z; and rearranging. These
two features are the common thread to many models where Bonacich centrality (or, in our case, a
generalised version of it) plays an critical role. As is standard in these types of games, the restriction
on the eigenvalue of the network is there to ensure that these strategic complementarities are not too
strong. If it is violated, then successive best responses leads to unbounded growth in consumption,
so there would be no equilibrium.

Were we to follow Shayo| [2009] and assume that the prototype, Y (6;), was fixed exogenously,
then the actions would be directly proportional to centrality. The average centrality would not
appear. We would simply replace the terms containing average centrality with an exogenous term
Y (6;). This would be mathematically very similar to a range of network games, including models of
social comparisons (Bramoullé and Ghiglino| [2022] and |Langtry| [2022] perhaps being the closest).

An additional feature of our model, however, is that actions also depend on the average centrality
of agents who share the same identity. Importantly, average centrality works in the opposite
direction to own centrality. This is because of assumption there is some substitutability between
own consumption and average consumption within an identity. Higher average consumption within
an identity raises the status of that identity, all else equal reducing the incentive for a given agent

to consume.

11



3.2 Comparative Statics

With the exact characterisation of equilibrium behaviour provided by Proposition[I} the relationship
between centrality and consumption is clear. And some links between the primitives of the model
and centrality will come from examining our definition of centrality (Equation )

Before stating the result, it is helpful to recall that agents only care about those who share
their identity. So only the within-identity links that matter. This observation allows us to restrict
attention to agents who share an identity when thinking about comparative statics results. It is
clear that an agent j is unaffected by others who have a different identitym

The first part of the result shows how income and the network each affect centrality. The second

part then shows how centrality affects equilibrium consumption.

Proposition 2. Assume that agents j and £ share an identity and that there is a walk from £ to j.
(i) le? is strictly increasing in wy, and in Gim, for all j5,¢.

(ii) 7 1s strictly increasing in C’JI-’, and (iit) strictly decreasing in C’gj, for all j.

Higher income for agent j increases her consumption directly. This is because the marginal cost
of consumption falls when wy, rises, so re-optimisation leads to an increase in own consumption.
This pushes up her neighbours’ reference points, in turn increasing their consumption (due to the
strategic complementarities). This then pushes up her neighbours’ neighbours’ reference points,
and so on. This process affects everyone who is connected to k in the network G. Mathematically,
this appears in two places. An increase in wy increases elements in the matrix H, and it also
increases wy/(Bwy + 1) (which appears once when summing over k in eq. (2)).

Adding, or strengthening, links in G has much the same effect. It pushes up agent ¢’s reference
point, increasing her consumption. This increases her neighbours’ reference points, and hence their
consumption, and so on.

The second part of the result is due to the dissonance function. The higher an agent’s own
centrality, the higher her reference point, and hence the more she needs to consume in order to
conform with those around her. The third part is due to the substitutability between status derived
from her own consumption and status derived from her identity. When average centrality in her
identity group is high, then average consumption in her identity group is also high. This in turn
brings high status benefits from her identity. And this reduces the marginal benefit of status from
her own consumption, due to the substitutability between the two sources of status. Overall, higher

average centrality in her identity group pushes her consumption down.

10T his is because it is CAT', not G, that appears in H. So if agents j, k have different identities, there cannot be a walk
between them. This is obviously a consequence of our assumption that each agent has only one identity. Allowing for
multiple identities, with some held more strongly than others, would relax this stark benchmark, but at a significant
cost to tractability.
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3.3 Homophily

Proposition (1) shows the impact of adding (or removing) links from the network. While not
directly related to the two main stylised facts — which concern the impact of changes in income —
we can characterise the impact of somewhat richer changes to the network structure. Specifically,
we focus on the impact of changing a link. This amounts to removing a link between agents j and
k, and replacing it with a link between agents j and KE

We noted above that links between agents with different identities behave very differently from
links between agents with the same identity. This has important implications for the role of ho-
mophily — the tendency for people to be disproportionately connected ti those similar to themselves,
and one of the most ubiquitous features of social networks (see, for example, |Jackson, [2008] or |Pin
and Rogers| [2016] for detailed discussions of homophily).

Before going further, we now need a formal definition of homophily. There are many in the
literature, but we use the homophily index as one of the simplest available. It requires agents
one group, from a set of possible groups. The identities, #, map neatly onto these groups. The
homophily index is specific to an agent and simply measures the proportion of total links that are

with agents in the same group.

Definition 2 (Homophily index: from Currarini et al.| [2009]). For an agent j in group 6:

b = Zkel(e) Gk
’ Zk Gk

It is clear from this definition that changing a link G j;, to a link G, only affects the homophily

(4)

index of agent j. So, when examining the effect of changing a link, we can conflate changes in
the homophily index for agent j and homophily more broadly without problems. There are four
possible cases when changing a link G, to a link Gj4: (1) j, k share an identity and ¢ has a different
one, (2) j,¢ share an identity and k has a different one, (3) j has a different identity to both £ and
¢, and (4) j,k and ¢ all share an identityB

It follows easily from the definition that homophily falls in case (1), rises in case (2), and does
not change in cases (3) and (4). To see this, first notice that the denominator on the right-hand side
of eq. never changes — this is because we are only changing links. So homophily falls if changing
the link reduces the number of within-identity links. Similarly, homophily rises if changing the link
increases the number of within-identity links. And finally homophily is unaffected if the number of
within-identity links is unaffected.

Since it is only within-identity links that matter for equilibrium behaviour (recall that it is the

matrix G rather than the matrix G that appears in the definition of centrality), changing a link in

1This is, in effect, adding a link and removing a link. Note that this is not covered by Proposition i). That
result shows the qualitative impact of adding or removing a link, but does not show the net impact of both together.

2In case (3) it does not matter whether or not k and ¢ have the same identity because the link between k and ¢
(if it exists) is not affected.
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the network G in a way that increases homophily adds a links in the network G. This observation
allows us to say that increasing homophily increases agents’ centralities. The reverse is obviously
also true: changing a link in the network G in a way that reduces homophily removes a link in the
network @, so centralities fall. It also means that swapping a between-identity link for a different
between-identity link has no effect. This is because neither link appear in the matrix G — the one
that matters for behaviour.

The final case, where we swap one between-identity link for an different between-identity link
is a little trickier. Here, both adding the link G, and removing G, have an impact on behaviour.
However, high centrality is driven by being linked to people who themselves have high centrality.
So j’s centrality rises if swapping the link connects her to someone who has higher centrality.

Conversely, if the swap connects her to someone with lower centrality, her own centrality falls.

Corollary 1. Swap a link G for a link Gj,.

(i) if homophily rises, then CP, rises for all m € 1(6;),

(i) if homophily falls, then C2, falls for all m € 1(0;),

(iii) if homophily does not change and j has a different identity to both k and ¢, then centralities
do not change

(iv) if homophily does not change and j, k, ¢ have the same identity, then C%, rises for allm € I(6;)
if and only if C > C?.

4 Explaining the Stylised Facts

The main aim of this section is to show how the model explains the two stylised facts set out by
Charles et al.| [2009] (so far explained by signalling models) and |[Kuhn et al. [2011] (so far explained
by social comparisons models). We then also show how the model explains a related stylised fact
set out by Kaus [2013]: that people with higher income are more sensitive to changes in other’s
income[]

While the comparative statics from the previous section link the primitives of the model to
centrality, and centrality to behaviour, an important limitation is that they do not cleanly link the
primitives directly to behaviour. This is because a change in agents’ incomes, or in the network
structure, affects both a given agent’s centrality and, in turn, the average centrality in their identity
group. But own centrality and average centrality in the identity group impact behaviour in different
directions. So in general it is not obvious which of these two forces dominates.

We therefore focus on a stark benchmark network where agents are split up into disconnected

groups — sometimes called an ‘Islands model’. This allows us to isolate the two effects, and cleanly

13 A large part of the contribution in [Kaus| [2013] is to extend the analysis in|[Charles et al|[2009] to a lower income
country — South Africa. He replicates the findings for Black South Africans (who make up the large majority of the
South African population), but not for White South Africans. But the finding regarding sensitivity is novel to [Kaus
[2013].
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show how we get behaviour consistent with the first stylised fact when one of these effects wins
out, and behaviour consistent with the second stylised fact when the other effect wins out.

In this benchmark network, agents with a given identity 6 are separated into N different par-
titions such that there are no links between agents in different partitions. In other words, each
agent is on an “island” and there are no links between different islands. In order to clarify the
analysis we also assume that each partition is strongly connected within G and that there are many
partitionsE

Definition 3 (Islands network). Agents are partitioned into N equal-sized, disjoint subsets, called

“islands’ with typical island n.

e There are many islands (N is large).
e For any pair of agents j, k with the same identity:

(i) if j and k are in different islands, they are not connected

(ii) if j and k are in the same island, there is a walk from one to the other in G

This stylised benchmark is helpful because changes to primitives affect an agent’s own centrality
if and only if they occur within her partition. Changes that happen in other partitions affect the
average centrality but not her own centrality. And changes that happen within her partition affect
only her partition. Because there are, by assumption, many partitions, the impact on her own
centrality dominates the effect on average centrality. This feature allows us to isolate the two
forces. When a change happens within an agent’s partition, the impact on her own centrality with
dominate the effect on average centrality. Conversely, when a change happens outside of an agent’s
partition, there is an impact on average centrality but not on own centrality.

Before stating our result, it is helpful to quickly recap our two main stylised facts. This will

help make the link between them and the behaviour predicted by our model easier to see.

1. People in the US consume less visible goods when the average income of others of the same
race in their state is higher [Charles et al., 2009).

2. People in the Netherlands consume more when the average income of their geographic neigh-

bours increases [Kuhn et al., 2011].

With these in mind, we can now state our result.

Proposition 3. Consider an islands network. Suppose income increases for some set of agents
with identity 0 in partition n.
(i) Consumption decreases for all agents with identity 6 in partitions other than n,

(i) Consumption increases for all agents with identity 6 in partition n.

YA walk in G from j to k is a sequence of agents 7, j/, ..., k', k such that C:'j/k/ > 0 for all j/, k" in the sequence. A
network is strong connected if there exists a walk from j to k for all j and all k.
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The mapping from Proposition[3]into the two stylised facts is fairly direct. An increase in income
in other partitions corresponds to higher average income of others of the same race in the same
state@ Proposition |3| then suggests the reason for this observed behaviour is that agents whose
identity group has higher average consumption gains more status from their identity. They then feel
less need to seek status through their own consumption of visible goods. The mapping is obviously
not perfect. There could be changes to the income distribution that affect both the agent’s own
partition and other partitions. Proposition [3|is silent in this case because the comparative static is
ambiguous.

An increase in income within an agent’s partition — i.e. amongst her neighbours — causes her
to increase her consumption. This is because the higher consumption by her neighbours (which
is due to their own higher income) raises the bar for what is considered normal. So dissonance
costs push her to consume more herself. Again, the mapping is not perfect. Proposition [3] only
applies to agents who share the same identity, and there is no absolute guarantee that geographic
neighbours in fact have the same identity. But there are two main reasons to believe this result
is useful. First, there is well-documented prevalence of homophily and sorting along geographic
lines [McPherson et al., 2001}, [Schelling, 2006]. So it is likely that an agent’s neighbours actually
do share her identity. Second, the formal result in fact only requires that an agent only shares her

identity with one person whose income increased.

4.1 The third stylised fact

Closely related to our first stylised fact, |Kaus| [2013] finds that a given change in reference group
income has a larger impact on the conspicuous consumption of richer agents than of poorer agents.
In other words, richer agents are more sensitive to changes in others’ income. This relationship is
monotonic — the richer the agent, the more sensitive they are.

Our model is completely consistent with this stylised fact. It is relatively straightforward to
see from the characterisation of equilibrium consumption in Proposition [l Changes in the income
of agents on other islands only affects average centrality, C_'gj. The marginal impact of a change
in average centrality, and hence of a change in the income of agents on other islands, is increasing
in an agent’s own centrality. This is because own centrality, CJZ?, multiplies a function of average
centrality in Equation . And own centrality is increasing income in own income (Proposition.

Putting this together yields the result: richer agents are more sensitive to changes in the income

of other people (for tractability, our formal result restricts this to people on other islands).

Corollary 2. Suppose j and k are on different islands. The marginal effect of k’s income on j’s

consumption is increasing in j’s own income.

15We use the term ‘income’ in our model for convenience. Where appropriate, this should be taken to mean the
‘permanent income’ examined in the empirical analysis.
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Intuitively, this is connected to the fact that agents with higher income have a lower marginal
cost of consumption, and this marginal cost rises more slowly. When the marginal status benefits
of consumption rises, as happens when the prototype Y (6;) decreases, it should not come as a
surprise that agents increase their consumption in response. But by how much they adjust their
consumption depends on how quickly the marginal cost rises as consumption rises. It is precisely
higher income agents whose marginal costs rise more slowly, and so who make greater adjustments.

Again, it is useful to note that our model does not rely critically on the income of the very
poorest agent (as in the signalling model used by (Charles et al. [2009] and Kaus| [2013]). Rather,

it focuses on the average income more directly.

5 Inequality

We now turn to the role of income inequality — a natural question for a model of social identity and
conspicuous consumption. However, a key barrier to tractable results is the multiple ways income
affects centrality. Recall that in Definition |[I| H is a function of the w;’s. This means that higher
income of one agent plays an analogous role to having stronger (outward) links. So increasing the
income of some agents and lowering the income of others is in a sense equivalent to makes some
links stronger and others weaker. It is in general difficult to characterise the overall impact this
complex change to the network structure has on centrality. Compounding this, income also appears
outside of H as a weighting. In most network games where Bonacich centrality plays a role, only
the network structure appears in H, and income does not weight its components@

Given this, we take two different simplifying approaches. They give complementary views of
the role of inequality. First, we use the Islands Network from Section [4 and assume that all agents
on a given island have the same income. This simplifies the link between income and centrality,
while retaining rich network effects. It allows us to focus more clearly on the interaction of network
structure and inequality. The second approach imposes a regularity condition on the network. It
assumes agents are equally well connected to each different ‘level’ of income. This simplifies the
network effects, while retaining a richer link between centrality and income. It allows us to focus

on the role of income inequality directly, abstracting from the more complex network effects.

5.1 Island Networks

The simplifying assumption. Here, we use the islands model from the previous section (Defini-
tion |3) and add the assumption that income is homogeneous within each island.
This simplifies matters significantly as changes in income on an island must all be in the same

direction. It also gives equal weight to all components of the infinite sumﬂ While the assumption

63ee, for example, Ballester et al.| [2006], |Ghiglino and Goyal [2010], Immorlica et al.|[2017], Langtry| [2022].
1"The islands model is critical here — it creates disconnected components with no interactions between them. When
calculating centrality, we can consider each island in isolation — giving us most of the benefits of homogeneous income
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shuts down the possibility of inequality on a given island, it still permits significant inequality in

society as a whole (as there are many islands).
Two building blocks. At this point, it is helpful to define a property of the network and show a
key implication of our simplifying assumption. They will be useful for the substantive results.

Definition 4 (Island Density). The density of the network on an island n is:

D,=> Y ¢
t=0

j?k

ik

Readers familiar with network games where Bonacich centrality plays a critical role will notice
that our definition of ‘density’ is the sum of centralities of all agents on the island (using the
‘standard’ definition of Bonacich centrality that only involves the network, rather than our variant
that also includes income). It is not exactly density as conventionally defined. Nevertheless, it
captures some measure of how closely connected agents on an island are on aggregate. As some
reassurance, adding links within the island always increases our density metric.

The islands network guarantees that agents are only connected to — both directly and indirectly
— others on the same island (at least amongst with the same identity; as discussed earlier links to
those with a different identity are ignored and so play no role). So our assumption that income
is homogeneous within each island means that everyone an agent is connected to — both directly
and indirectly — has the same income. It turns out that this drastically simplifies the equation for
centrality in Definition

Lemma 1. Suppose the network is an islands network (a la Definition @), all islands are the same

size and all agents on a given island, P,, have the same income, w,,.

Then C’jl-’ =Wy -y 1 ([ — @)J_kl for all j € P,.

So in this special case, centrality is linear in income. This result is useful because it separates
out the impact of income from the impact of the network. We now know how income affects cen-
trality subject to these benchmark assumptions, and we know from earlier how centrality affects
consumption. This allows us to analyse the impact of redistribution in a much more tractable

manner.

Impact of redistribution. We focus on a particularly simple form of redistribution — a transfer

from one island to another, keeping average income in society constant. It is reduces income

from a tractability perspective, while retaining significant heterogeneity in society as a whole. The assumption that
all islands are the same size also helps make results cleaner here: it allows a transfer of income from one island to
another to have a symmetric impact, in the sense of raising per-capita income on one island by the same amount as
it reduces per-capita income on the other.
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inequality if the island receiving the transfer is poorer than the island giving the transfer (and
similarly increases income inequality if the island receiving is richer)H Richer changes to the
income distribution can obviously be built from a series of these changes.

Interestingly, the impact of this transfer on overall consumption does not depend on whether it
increases or decreases inequality. Rather, it depends on the relative densities of the networks on the
two islands that are party to the transfer. If the island receiving the transfer has a denser network,
then the increase in centrality there is greater than the fall in centrality on the island giving the

transfer. Then, average centrality rises, which in turn reduces consumption on all other islands.
Proposition 4 (Inequality). Consider a transfer of income from island n to island n'.
(i) Consumption falls on island n and rises on island n/,

(i) Consumption on all other islands rises if and only if Dy < D,,.

The first part of this result is unsurprising. When everyone on an island has more income,
they consume more. There is a direct effect of higher income, due to the lower marginal cost of
consumption. And there is an indirect effect through the dissonance cost, as higher consumption
by others on the island raises the references level an agent feels pressure to conform to. Recall that
there is also a third effect — higher consumption by others in an agent’s identity group raises her
status, and in doing reduces the marginal status benefit of her own consumption. But with many
islands, this effect is dominated by the other two. Everything works in reverse when everyone on
an island has less income.

For all the islands whose own income remains unchanged, so the only force that applies here
is how the transfer from island n to n’ affects average centrality. Average centrality — and hence
consumption — rises if and only if the (positive) effect on island n’ is larger than the (negative)
effect on island n.

It is the simplified characterisation of centrality in Lemma [1| allows us to determine this. From
it, we can see that the marginal impact of a change in income on an agent’s centrality is some
measure of their network connectedness. The density measure in Definition [3| calculates the total of
this ‘connectedness’ across all agents on the island. So the density measure captures the marginal
impact on total centrality of changing income on an island. From this it is clear that average
centrality rises if and only if the marginal (positive) impact on island n’ is larger than the marginal

(negative) impact on island n.

5.2 The fourth stylised fact

The fourth stylised fact also comes from |Charles et al.|[2009], and relates to inequality. They find

that higher dispersion in income (i.e. higher inequality) among Whites in a given state leads to

18We will not consider the case where the transfer changes which island is richer. In that case, the impact on
inequality is ambiguous.

19



lower consumption of visible goods (i.e. conspicuous consumption) by Whites in that state. But
they find the reverse for Blacks: higher dispersion in income among Blacks in a given state leads
to higher consumption of visible goods by Whites in that stateH

Proposition [4] can help us understand this seemingly puzzling empirical finding. According to
the result, a change in inequality an either raise or lower agents’ consumption. The direction of
the effect depends critically on the relative network density of the agents whose incomes change.
If the agents whose incomes rise have denser social networks than the agents whose income falls,
then everyone else’s consumption falls (by ‘everyone else’, we mean the agents whose income did
not change). And the same applies equally in reverse.

Therefore, we can rationalise the empirical finding as being due to differences in network struc-
tures across different racial groups. One drawback of this explanation is that it relies on the density
of agents’ social networks, which is likely to be challenging to measure empirically. Nevertheless,
we view it as an advance on the explanation proposed by Charles et al’s 2009 signalling model,
which must appealing to racial differences in preferences to explain this empirical finding. Note that
Charles et al.| [2009] repeatedly stress shortcomings of an explanation relies on racial differences in
preferences. They say that “[t]his argument is consistent with the basic facts, but is essentially tau-
tological. Moreover, an argument centered on racial differences in preferences yields no prediction
that is falsifiable in the data.”

So despite empirical challenges, we at least progress beyond a reliance on racial differences in

preferences.

5.3 A Regularity Condition

The simplifying assumption. Our second approach imposes a regularity condition on the net-
work. We need each agent to have the same number of neighbours (in the weighted sense) with
those of each different income level. For example, if there are two different level of income, w; and
wa, then each agent must have L neighbours with income wy, and also L neighbours with income
wgm Note that this is stronger than assuming the network is regular (which would only require
that each agent has L links in total, regardless of the neighbours’ incomes).

To formalise this, assume there are M different levels of income, with typical income level w;,.

Then let M = {j : wj = wy,} denote the set of agents with income wy,. The assumption is then:

9Note that there appears to be a typographical error in [Charles et al., |2009, page 454, para. 1]. The sentence
states they “find that greater dispersion of reference group income is associated with lower visible spending for
minorities”. But this conflicts with the regression results, reported in Table VII (column 2), on which the paragraph
is based.

2ONote that if every agent in the network has a unique income level, then this assumption requires that the network
is complete. But we believe that there being a small number of different levels of income is a reasonable first-order
approximation of reality.
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Assumption 3. Each agent j has exactly L links to agents k € M, for each ME

Intuitively, Assumption [3|ensures that how strongly j is connected to others is unrelated to how
much income those other people have. Colloquially, she is, on average, connected to “Mr and Mrs
Average”. This retains the network effects, but “smooths them out” so that they apply equally
throughout the network.

A building block. Similar to our use of the islands network with homogeneous income on each
islands, Assumption [3] allows us to find a significantly simplified expression for agents’ centralities.

In turn, this will allow us to analyse the impact of changing inequality much more precisely.
Lemma 2. Under Assumptwn@ C’b BF]/ (1-T), where I'; 5w ST =3 Ek

In contrast to Lemma |1, an agent’s centrality here is concave in her own incomeH This is
because we are allowing agents to interact with others who have different incomes. It shows that
interactions between people with different incomes is an important part of the role networks have

in determining consumption.

Impact of redistribution. Again, we focus on a transfer of income from agents with income w,
to agents with income w,/. This is the same as our transfer in the previous subsection, except the
network structure is different — here agents with different incomes interact with one another in the
network. It reduces in equality if the agents receiving the transfer are poorer than the agents giving
the transfer (and similarly increasing inequality if the agents receiving are richer).

Here, the impact of the transfer depends critically on whether it increases or decreases inequality
(i.e. whether it’s regressive or progressive). This is closely linked to the concavity we can see in
Lemmal Because T'; Bw T

lower income agents. So the mean, I', rises when there is a regressive transfer of income (from a

is concave in wj, a given change in income has a larger impact on

richer group to a poorer group). This then pushes the centrality of agents not party to the transfer

down. Finally, this pushes average centrality down and hence consumption up.

Proposition 5. Consider a transfer of income from agents in group M to agents in group M’

such that the ranking of the two groups’ income does not change.
(i) Consumption falls for agents in M and rises for agents in M’.

(i) Consumption of all other agents rises if and only if the transfer increases inequality (i.e.

Wy > Wy ).

2IThis is in the weighted sense. This is a restriction on the total weight of links from agent j to each group Z. It
does not matter if there are a small number of strong links, or a large number of weak links.

22If J =1 (i.e. there is only one agent in total), then an agent’s centrality is linear in her own income. But thin
this case, there is no network, so this should not be a surprise. And related to Lemma [l] centrality is also linear in
income if all agents have the same income.
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(iii) Average consumption rises if and only if the transfer reduces inequality (i.e. Wy < Wi, ).

An agent consumes more when her income rises (part (i)). This is because her own income
effect dominates the network effects. This is standard. But consumption is concave in her own
incomeﬁ Intuitively, this is linked to the convex cost function (Equation ) So a regressive
transfer (one which makes the rich richer and the poor poorer, increasing inequality) reduces average
consumption.

But this reduction in average consumption has a spillover effect for everyone else: lower average
consumption reduces the status from the identity group. This drop in status induces agents who
were not party to the transfer to increase their own consumption to compensate — due to the
substitutability between status from own consumption and status from the identity (part (ii)).

Finally, part (iii) notes that the increase in consumption by the agents not (directly) affected by
the transfer cannot dominate the decrease in consumption by the directly affected ones. To see why
this must be the case, bear in mind that the agents not party to the transfer are only responding
to a fall in average consumption. If their own response led average consumption to be higher than
before the transfer, then they would respond to that by reducing their consumption — leading to a
contradiction.

The key insight is that a transfer which increases inequality has an important impact on agents
whose incomes do not change. This is because agents derive status from consumption by others
who share their identity. And this ‘status identity’ is substitutable with status derived from their
own consumption — so lower status identity leads them to compensate with more of their own
consumption. The result apes existing results in the conspicuous consumption literature, but our

mechanism is novel.

23This is fairly transparent from the equation in Lemma but we provide a proof in the appendix for completeness.
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A Proofs

Proposition 1

Proof of Proposition [I] First, we find the best response function, holding Y (6;) constant (the
first derivative is linear and decreasing in x;, and is positive when z; = 0, so a unique solution
exists). Note that we have substituted in Y; = Zkel(ej) Gk = Y p @jk:ﬂk.

1 11\ ! ~
v =t (Bl [+ 7Y (6;) 7 + 28G ]
J 2 wy
Some rearranging yields:
Pwj 1w -1
P A _-_ " Y (0.
i Gy 4 10 = 3G 1@ F Y0

Then recall that we defined the matrix H such that Hj, = %éﬂg We now substitute this in

to the equation and switch to matrix notation. (In an abuse of notation use the same notation for

a vector of constants as for the equivalent scalar, and we let W denote the vector where the j**

lzj - And recall that ® is the Hadamard, or element-wise, product.)

entry is 3

1
x— Hx = §W ® [a+Y(0)71.

We have assumed that |A\;| < 1 (Assumption E so (I — H) is invertible (Ballester et al.| [2006),
Theorem 1]). Therefore:

x=(I-H)'. %W O la+Y(0)71.

Reverting to scalar notation:

1 w;

Tj = Z[(I — H) Y- §Wj+l[a +Y (6,) 7).

k

A comment: by construction, G is a block matrix with off-diagonal blocks being all zero. This
is because an agent j can only have a link to agent k if j and k share the same identity (i.e. if
0; = 0). Therefore H is also a block matrix. As a result, Hj; will be zero whenever j and k
have different identities (i.e. whenever §; # 6)). An important consequence of this is that 6, = 6;

whenever [(I — H)"!];z > 0. This means we can treat the term Y (6;)~! as a constant an pull it

2"Where \; is the largest eigenvector modulus (i.e. the largest in magnitude) of the matrix H.

27



out of the sum. So

1
33] 2[a+"yY Qk Z ]k'

k Bwj+1’

and we then using Definition [T] gives us:

Sla ¥ (6)

.Cljj:2 j

This would give equilibrium actions for a fixed value of the prototype. But Y (#;) is endogenous.
Recall that by definition Y (0;) = @] Y oke 1(0;) Tk~ Hence, by substituting our equation for con-

sumption into this definition:

1«&r:ué)|§j;a+w«@>W%

kel(6;)
7 2 Ok

ke[(e

Loty (6,7

Y(0) =5

The term after the dot is, by definition, C’gj (the average Bonacich centrality of agents with identity

0;, see definition immediately after eq. ) Using this definition and rearranging terms yields:
2Y (6) — aCy Y (6;) — 7C = 0

Then apply the usual quadratic formula and ignore the negative root (because we rule out z; < 0

by assumption and hence cannot have Y (0;) < 0).
_ L s Lo Ab0s b 870
Y(0;) = Zacej + 1(009]-) - (aCy, o — )%

Finally, substitute in this equilibrium value of Y'(6;) into our equation for :1:]

~

b
: o+ — —
i3 ( LaGh + 1(aC )05

(aC’b 7)0 ) Cj

Proposition 2

Proof of Proposition 2| (i) An increase in wy strictly increases wy/(Swy + 1) when k = ¢,
and leaves it unchanged whenever k # £. It also weakly increases all elements of the matrix H.
Because there is a walk from ¢ to j by assumption, the (j¢)!" entry of the infinite sum is strictly

positive. It is then clear from the definition (Equation ) that centrality strictly increases. An
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increase in G, strictly increases the (¢m)* entry of the infinite sum. Because there is a walk
from £ to j by assumption, this also increases the (j¢)!" entry of the infinite sum. (ii) and (iii)

follow straightforwardly from the characterisation of equilibrium consumption in Proposition
(Equation (3)). O

Corollary 1

Proof of Corollary [1} Notice that adding/removing/changing links that appear in G but not in
G has no impact on consumption. (i) for the link swap to increase homophily, it must be the case
that ¢ has the same identity as j, but k does not (i.e. £ € I(#;) and k ¢ I1(6;)). This means the
link G, also appears in @, but the link G, does not. So removing the link G5 has no impact,
and this becomes equivalent to just adding Gj,. With this observation, the result follows from
Proposition (1) (ii) inverse of part (i). (iii) Follows from the observation that links not in G have
no impact, and neither G, nor G, appear in G. (iv) This result is essentially a restatement of
Proposition 3 in Langtry| [2022] (and a generalisation, Proposition G.4, ibid). It follows from the

proofs of those results. O

Corollary 2

*

. . . .. dx
Proof of Corollary [2] The marginal effect of others’ income on an agent j’s consumption is d:jk .

When j, k are on different islands, then wy does not affect C]l-’ (Proposition . Using this, plus the

equation for 2% from Proposition [1] yields:

*
dx]-

_l. d g
dw, 27 dwy %aégj + i(a@gj)w . (aégj + 81y05 |

«

We know from Proposition [2| that C'jl-’ is strictly increasing in w;. And because there are many
i

. . . .. . . . = d .
islands (by assumption, in Definition , w; has a negligible impact on ng. Therefore dik is

increasing in w;. O

Proposition 3

Proof of Proposition [3] We prove this in two steps. First, we show the link between income
and centrality. Second, we show the link between centrality and consumption.

Step 1. Notice that under Definition [3] each island is a disconnected component in the network
G. T herefore, we can treat each island separately. So we can replace G with @n, which is the graph
for island n only@ (i) Then it is clear that wealth of agent j, w;, does not affect the centrality
of agent k, C,’;, if agents j and k are only different islands. This is because the definition of C’,’;

25This is because the matrix for an islands network can be arranged as a diagonal block matrix, and it is well
known that the inverse of a diagonal block matrix is the inverse of each block arranged along the diagonal.
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does not contain w;. (ii) Proposition [2| shows that Cé’ is increasing in wy, if there is a walk from
Jj to £. For two agents on the same island, this walk exists by assumption (Definition [3)). (iii) An
increase in w; increases Bonacich centrality for some agents, and leaves centrality unaffected for
the rest. Therefore an increase in w; must increase average Bonacich centrality of agents with the
same identity as j, ng.

Step 2. The result then follows from Proposition[l] (i) We know from Step 1 that for all agents
k on a different island to j, an increase in w; increases ng = Cgk, but does not affect C,Z. It is then
clear from Proposition [I| that z} is decreasing in w;. (ii) We know from Step 1 that for all agents
k on the same island to j, an increase in w; increases both ng = C’gk and C’g. The assumption
(in Definition [3) that there are many islands means that the impact on C’gj = C’gk must be small
relative to the effect on CP. Therefore the increase in CP (which pushes z} up) must dominate the

increase in C5 = C? (which pushes z} down). O
J k

Lemma 1

Proof of Lemma Lemma [I. Start with the definition of Bonacich centrality (Deﬁnition. First,
notice that under Definition |3} each island is a disconnected component in the network G. There-
fore, we can treat each island separately. So we can replace G with @’n, which is the graph for

island n only. Second, recall that all agents on island n have the same income, w,,.

oSS (B g )| e
Cj_Z[Z<ﬂwn+lGn> ]k Bw, +1°
J

k t=0

Now the ﬁ term at the end (far right) can be pulled out the front, and the same term that
appears within the infinite sum can be separated from the @n term, and can also be pulled out of
the summation over k.
w > Bw ¢
cb—_"" <”> .
7 Pwy +1 Z Bwp +1 ;

t=0

e ~
> ¢
t=0

jk

Then apply the standard closed form solution for the infinite sum of a geometric series (which

always exists because ﬁﬂnﬂ < 1 by construction), and notice that the result (partially) cancels
with the 22— term. This yields:

6wn+1

C?:wn-z
k

> ¢
t=0

jk
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Finally, to complete the proof, the Neumann series representation gives the fact that

Siye| -yu-ap
t=0

k jk k

Proposition 4

Proof of Proposition Proposition [ The proof follows the same structure as the proof to
Proposition 3]

It follows straightforwardly from Lemma (1| that centrality rises on island n’ and falls on island
n. Next, we can express average Bonacich centrality as the sum over agents on each island, then
summed over islands (rather than the sum over agents directly), finally divided by J (the number

of agents in society). That is:

=133 w0~ G

n jePn k

Then, we can pull w, through the middle summation, and then substitute in for Definition 4] This
yields:

Cg = % anDn

It is then clear that a transfer from island n to n’ increases average Bonacich centrality if and only
if Dy > D,y,.

(i) For the islands n and n’, the effect of own centrality dominates the effect on average centrality
(because there are many islands). Centrality, and hence consumption, rises [resp. falls] for island
n' [resp. n).

(ii) For the other islands, own centrality does not change. Only average centrality matters.
The result then follows from the claims shown above, and the observation that consumption is
decreasing in average centrality. O

Lemma A.1. Assumption@ implies that ), 'y G — % YTk > 1 Gjr =0, where T'y, = %@

Proof. Begin with ), Fk@jk, and notice that I', is a constant for all k € Z. Therefore, >, Fk@jk =
DI D @jk. Then Assumption |3[requires that each agent j has exactly L links to agents with
income w, for each z. This means ), > Gjx = L for all j and for all z. Therefore ) , I'yGji =
L) T'.. Next, it must be the case that %Zk Iy = % >-.T'; (these are just two different ways of

26This is equivalent to corr(éjk, I'y)=0.
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calculating the average value of I', and J = n - Z). Finally, using the assumption that ), @jk =1
for all j, and the implication that L = 1/Z. Together, these yield ), Fk@jk = % Do TeD> g @jk O

Lemma 2

Proof of Lemma Lemma 2l We begin by restating the definition of Bonacich centrality (Defi-
nition , with 'y, = %:

Ty
ik

J =X |3 (ra)

k t=0

We have moved the S term to the left-hand side simply to avoid carrying it around in the calcu-
lations. Expand out the infinite sum and consider each term. We deal with the first two terms
individually, and then all further terms by induction.

Clearly 3, T31{j = k} = [4. Then Y, Tx(PG)jx = Y, TwliGjr = T Y, TuGie. Apply
Lemma and the assumption that >, G, = 1. This yields: =T - T.

Induction: for t = 2;
ZFk (TG)2, = ZFkZ (IG)js(TG)gr = Zrer GiPGy =T Zr GﬂsZFstk

By Lemma and the assumption that Zj @sj =1: >, Fséjs =T, @js = T. Applying this
twice (to the sum over k and then to the sum over s) yields: Zk(FG)?k =q; T

Now assume that for t = 7 > 2, Zk(f‘@);k =T, -T . Then show for t = 7 + 1. By definition
Zk(Fé’);}jl = ZJ[(FG) . (F(A;)T]jk. For clarity of exposition, we let (I’é);k = Ajp.

> e = Z Zr GisAge =T ZGJS ZAsk

k

Using the assumption for ¢ = 7, namely 3", Ag = s, yields: Z,C(I‘G)T+1 = F "y, GisTs.
Applying Lemma|A.1{and the assumption that > y G sj = 1 once more yields I';- S By induction,

we have calculated each term in the infinite sum.
Having calculated each term in the infinite sum, we can now express it more simply: BC’Z? =
T;(1+T+T°+T +..) Therefore, finally:
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Proposition 5

Proof of Proposition Proposition [5] Consider a transfer of income such that: (i) w, 1, w, |,
(iii) w, + w, unchanged. Now notice that I'; is increasing and concave in w; (by the definition of
I';). Step 1. So the transfer causes: (i) I', 1, (ii) I',s |, and (iii) (I'; +T',/) 1 if and only if w, < w,/
[and hence T 1 if and only if w, < w./, because the transfer does not affect I',» for any 2 # z, 2'].

Step 2. In turn these imply: (i) C? 1, (ii) Cg, 1, and (iii) Cg 1 if and only if w, < w,,. Note
that for (i), C? is increasing in both T', and T, but these may move in different directions. However,
there are many islands by assumption, so the the transfer must have a much larger impact on I',
than on I, so the effect of I, dominates. The same argument applies to (ii).

Step 3. Finally, recall the definition of x;‘ from Proposition [I} Our findings in Step 2 in turn
imply that: (i) =% 1, (i) =}, |, and (iii) 2}, 7 if and only if w, < w./. Again, point (i) [resp. point
(ii)] rely on the assumption that there are many islands to ensure that the effect of the change in
C? [resp. C%] dominates the effect of the change in C?,.

O

A.1 Additional Proofs
Here, we formalise the claims we made about the necessity and sufficiency of Assumptions [1j and
Lemma A.2. (i) Bonacich Centrality exists and is well defined if and only if Assumption holds.

(i) In equilibrium, ax;+Y (6;)+ % is increasing in Y (0;) if and only if Assumption@ holds.

A\t
Proof. (i) Bonacich centrality is well-defined if and only if the infinite sum »;°, (%G) con-

-\ —1
verges. In this case then, by a Neumann Series representation, it equals (I ~ 3 f T G) . [Ballester
et al.|[2006, Theorem 1] then shows that this matrix inverse is well-defined and ngn—negative if and
only if |\] < 1.
(ii) Start with the equilibrium status benefit S = oz} +Y™*(0;) +7$§Y*(9j)_1. Then substitute
in 2 = 0.5(c + Y*(Hj)*l)C;’ (shown in the proof to Proposition , and take partial derivatives

with respect to Y*(0;). This (plus some rearranging) yields:

chf‘f@j) =1- O.5C§(Y*(0j))_2(1 +a+ (Y*0;)™)

Some further rearranging shows that this is greater than zero if and only if

2(Y*(6)))°
O < ey @)

Noticing that Y*(6;) = %C’gj + 1 (aC_’g]_)O'5 . (ac_’gj + )05 completes the result (this is shown in

the proof to Proposition . O
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B Non-parametric model

This section generalises the main model from Section [2| by relaxing the functional form assumptions
made in Equation . It first restates the model in its more general form, and then shows that
this generalised model has a unique equilibrium. There is no new economic insight gained by doing
this. But it aims to provide reassurance that the results are driven by the general social identity

framework and not by the particulars of the functional forms we chose.

Model. The model is as in Section [2| except we replace Equation with the following, more

general, utility function for a typical agent:
uj = S(Y(0;), ;) — D(x; = Yj) — Clzj, wy) (B.1)

where all functions are continuously differentiable with S} > 0, S5 > 0, S%, <0, S{, <0, C] > 0,
O > 00, <0,00 <0,D >0ifx; >Y;, D' <0ifz; <Y, and D' > 0.

Equilibrium. We now show that the model has a unique equilibrium. Without an explicit func-
tional form, the strategy we used to prove Proposition [1| will not work here. We prove it in several
steps. First, we show every agent always has a unique best response (taking as given the actions
of all other agents), and characterise it. Second, we show bounds on the derivatives of the best re-
sponse with respect to the agent’s reference point. Specifically, we show an agent responds less than
one-for-one to a change in her reference point. Third, we state a variant of the Mean Value Theorem
that applies to vector valued functions. Finally, we use steps two and three to show the best re-

sponses are a contraction mapping and use the Banach Fixed Point Theorem to complete the proof.

Proposition B.1. There exists a unique equilibrium.

Proof of Proposition [B.1I] Step 1: Unique Best Responses. For any agent j, a unique best

response always exists. Consider the first and second partial derivatives with respect to x;.

S

=g _g —-D —-C

d, 2 1100, s
d2 Uj dz " 28 1/2 1/1 "
— Y = = _ D _ C//
i = dz; 7200, T TI0,)P

and recall that S5, < 0, D” > 0, and C7; > Om Hence d?u;/dx5 < 0, and so the first derivative

is monotonically decreasing in x;. Therefore there is a unique best response (i.e. z; that solves

?"Notice that because Y (6;) = ﬁ 2 kei(e) Tk by definition, z; appears in Y (0;). However, as j’s identity group
becomes large, the impact this has becomes small. In contrast, x; does not appear in Yj.
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duj/dz; = 0).

Step 2: Bounding responses. An agent’s best response changes less than proportionately in the
actions of other agents. We want to find - 4 , but we don’t have an expression for :U . Nevertheless,
we can find it from some things we do have expressions for. Suppose we start at a best response,
and then zj increases by A units (where A is small). Then Z increases by A%. To restore a best
response (i.e. return Z to 0), we need z; to ‘undo’ that increase in Z. Since Z is decreasing in x;,

it must increase by A units, such that VACCJZTZj + A% = 0. Therefore

_dBj(xy) _ dZ ,dZ

dxy, d:ck dx]
We have an expression for Z, and hence can express sz and gTZj as follows:
dz Sty ST
— =G D"+ = >0,
i BNLNTE
ﬁ _ 7D// 2Sl H
da; i !2
Therefore, for all j, k:
S//
dB;(x—y) _ GiD"+ \1|2 L
- SH
dxy, D’ — |Il\2 |I|2 + ol

Upper bound. Since S7, <0 and S7; < 0 by assumption, we must then have

. . 1
M < ij . 257 D
ek D T — ik + O
Then recall that C7; > 0 and V" < 0. So D" — 251‘/2 |I|2 + CY, > D". Therefore we must have
dB;

d.%'k

Lower bound. Since G > 0 by assumption, we must also have

Sty | St
dB;(x-;) L T
- 25//
dl‘k D" — ‘11|2 \I|2 + C
—Siy + 51, - 117!

> —1-
N [I]- (D" +CYy) — (287, + 87y - [I]71)
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At this point we impose a purely technical assumption. Assume that (D”+C7,) > —Si,+S7,-|I|71.
Intuitively, this requires that the substitutability between own action and average actlon in the
identity group is “not too high” in the status benefits function. Mathematically, it is sufficient to
guarantee that
aBi(x ) 1
dxy, - ‘I ’

To summarise: we have 22 Jd( i) ¢ € (—1/|I],Gjx) for all j, k.

Step 3: Mean Value Inequality. Here, we restate a result from [Furi and Martelli [1991]@

Theorem B.1 (Furi and Martelli (1991)). Let U C R7 be open and B : U — R’ be differentiable
on U with continuous derivative. Let x,y € U be such that [x,y] C U. Then

1B(y) — B(x)|| < max{||B'(c)[| : ¢ € [x,y]} [ly — x| (B.2)
where ||B'(c)|| = max{||B'(c)x|| : ||x|| = 1}, and || - || denotes the Euclidean norm in R”.

Notice that B'(c) is the J x J Jacobian Matrix. Therefore B'(¢)x is a J X 1 vector, where the
k' entry is xy, - > ‘;fj. It is then clear that maximising ||B’(c)x]|| subject to ||x|| = 1 involves
finding j € argmaxjes |, dx] | and placmg all weight on that entry.

We know from earlier that —1||I] < dIJ < Gjg- So |3, de| < max{}_; Gjx,1}. By assump-
tion j Gjr < 1 for all k. Notice that this is also independent of the argument that B(-) takes.

Therefore we have max{||B'(¢)|| : ¢ € [x,y]} < 1.

Step 4: Contraction Mapping. It is well-known that (R”7,|| - ||), where || - || is the Euclidean
norm, constitutes a complete metric space. Therefore the function B : R/ — R” is a contraction
mapping if there exists some k € [0, 1) such that ||B(y) — B(x)|| < k||ly — x|| for all x,y € R’. Let
k = max{||B'(c)|| : ¢ € [x,y]}, where ||B'(c)|| = max{||B'(c)x|| : ||x|| = 1}. We have shown in
part 3 above that this is strictly between 0 and 1. So B(-) is a contraction mapping. Therefore, by
the Banach Fixed Point Theorem, there exists a unique fixed point x*. This completes the proof.

O

28 Adjusting the notation to align with our model.
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