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Abstract
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1 Introduction

Individuals often engage in prosocial behavior, contributing to a myriad of public goods, such

as little free libraries, feeding the homeless, providing open source software tools, buying fair-

trade coffee, and supporting downtown businesses and farmers markets over corporate chains.

This behavior contributes billions of dollars to economic activity and has been explained through

altruism (Bergstrom et al., 1986; Andreoni, 1989, 1990; Smith et al., 1995; Kotchen, 2005; Tonin

and Vlassopoulos, 2010), identity and peer pressure (Akerlof and Kranton, 2000; Austen-Smith

and Fryer, 2005; Kahn and Vaughn, 2009; Chen and Li, 2009; Fryer and Torelli, 2010; Bursztyn

and Jensen, 2015; Cialdini and Goldstein, 2004), fairness and reciprocity (Fehr and Schmidt, 2006;

Charness and Rabin, 2002; Frey and Meier, 2004), and social norms and reputation (Ostrom, 1990;

Fehr and Fischbacher, 2004; Bernhard et al., 2006; List, 2006; Peattie, 2010). Furthermore, visible

prosocial behavior acts as a social status signal by demonstrating to others that you are, or appear

to be, a good person (Griskevicius et al., 2010; Brick et al., 2017; Perez-Truglia and Cruces, 2017;

Bursztyn et al., 2020; Berger, 2019; Karing, 2024).1

In this paper, we study self-signaling in prosocial behavior: proving to yourself that you are

the person you aspire to be, regardless of what others might think about you (Bodner and Prelec,

2003; Bénabou and Tirole, 2004, 2011), as well as social signaling, which is defined as prosocial

behavior that is highly visible to others. The context we examine is rooftop solar adoption, to

explore the role of neighbors in shaping self- and social signals for a household. Neighbors are those

nearby with whom households likely regularly interact, e.g., attending cookouts or hosting playdates

for children. We develop a theory of signaling that allows neighbor voter affiliation to influence

households’ beliefs about their own type. Neighbors of opposing type influence self-image, raising

the question: “Though I value being an x, if I live around y, maybe I am a y?” Then, the value of

taking an action that affirms one’s desired type may be greater due to self-signaling, or may be

negative due to costs of socially signaling non-conformity.

We find three key empirical results. First, we provide evidence that the self-signal value depends

on neighbor political affiliation. A one standard deviation increase in the Republican share of a

Democrat’s neighborhood generates an equivalent willingness-to-pay to adopt solar on average of

1See Bursztyn and Jensen (2017) for a thorough review of social image literature.
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$377, or 1.2% of the average cost of an installation. The public good provided by self-signaling

in our setting—cleaner air and lower grid emissions–is increasing in the self-signal, because solar

displaces fossil electricity generation. We find that the self-signal effect increases overall installed

capacity by 13.5 megawatts (3.4%) in our sample, decreasing environmental externalities by $38.3

million in net present value (NPV).2

Second, we show that the effect of neighbor’s political affiliation on the self-signal can be

“crowded out” by the private benefits of adopting solar, as in Bénabou and Tirole (2006) and Dubé

et al. (2017). Removing the effect of crowding out would increase total capacity by 0.67 MW (1.7%),

decreasing externalities by $1.9 million in NPV.

Third, we show that visible installations carry an adoption penalty that increases with the

Republican affiliation of the neighborhood, likely due to costs of non-conformity. We find that

Democratic households have an average willingness-to-pay to avoid the non-conformity penalty of

$124, separate from aesthetic values. The economic impacts of the social signal, which take the

form of reducing the provision of a public good that reduces negative environmental externalities,

exceed $7.05 million in our sample, even when not accounting for the fact that lower adoption rates

of visible installations will also slow diffusion (Bollinger et al., 2022).

This paper contributes to a growing literature on self- and social signaling. Theoretical notions

of self-signaling and altruism are well-established in the literature (Bem, 1972; Thaler and Shefrin,

1981; Andreoni, 1989; Bodner and Prelec, 2003; Bénabou and Tirole, 2011), as are broader notions

examining consumer norms and identity (Akerlof and Kranton, 2000; Peattie, 2010; Perez-Truglia,

2018; Pryor et al., 2019; Yan et al., 2021). Empirical work has shown that individuals gain utility

from self-signals, largely by modeling self-signaling as the component of impure altruism that can

be crowded out through private incentives (Gneezy et al., 2012; Grossman, 2015; Dubé et al., 2017),

the costs of engaging in the prosocial activity (Garcia-Rada et al., 2022), or satiation (Tonin and

Vlassopoulos, 2013).3

2Our sample comprises 40% of California single-family detached households
3Specifically, this literature models impure altruism as an additive, independent private utility component. Changes

in the pecuniary payoff of the action do not affect the impure altruism term by construction. Bénabou and Tirole
(2006) note “the need to go beyond the standard dichotomy between “pure” and “impure” altruism and distinguish,
within the latter, between fixed preferences... and motives that relate to what a person’s behavior says about him or
her, which will depend on the informational and economic context, including what others are doing” (p.1658).
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Since prosocial behavior also signals social status and confers “warm glow” utility due to impure

altruism (Andreoni, 1989, 1990), separate identification of the effects of self-signaling and impure

altruism on utility is challenging; it requires detailed information about the individual’s private

benefits with plausibly exogenous variation in this payoff (in order to establish the crowding-out

effect), as well as exogenous variation in inputs to the self-signal. Previous empirical evidence

relies on experiential variation generated in a lab setting (Dixon and Mikolon, 2021; Gallus and

Heikensten, 2020). Self- and social signals are also difficult to disentangle, since social recognition

implies visibility and the effects of visibility need not be uniform in sign, as in social comparisons

(Butera et al., 2022; Allcott and Kessler, 2019) or when facing a polarized “dual audience” (Perez-

Truglia and Cruces, 2017). In a field experiment related to this work, Bursztyn et al. (2020) show

that individuals are willing to forego significant benefits to maintain a particular self-image, but

that visibility of the decision to other participants reduced their willingness to do so. In nearly

all cases, research that seeks to measure the role of self- and social signaling focuses on low-stakes

experiments with small monetary payoffs, limited audience size, low-cost effort, and short duration,

all of which may lead to a lack of generalizability to real-world contexts (Levitt and List, 2007).

Solar adoption provides a particularly useful real-world context that allows us to separate the self-

signaling value of prosocial behavior from 1) impure altruism, and 2) the social signaling value. This

is because the economic value of adopting solar, neighborhood political affiliation, and the visibility

of adopting solar all vary across households in an arguably exogenous manner after conditioning on

observable characteristics. Our findings provide new insights into the motivations and conditions

for prosocial behavior in general, especially in contexts where self-signals and social signals may

be in opposition, as in settings subject to “virtue signaling” criticisms, and in light of increasing

political polarization. Ignoring these motivations may confound estimates of willingness-to-pay for

solar and may misattribute unresponsiveness to the private payoff stemming from the self-signal to

irrationality or partisan bias.

This paper proceeds as follows. In Section 2, we describe key features of our model as an

extension of Bénabou and Tirole (2011) and derive testable implications of the model. In Section 3,

we describe our empirical setting, data, and methods. Results and discussion follow in Section 4,

and Section 5 concludes.
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2 A Signaling Model of Solar Adoption

Our model of solar adoption includes pecuniary and non-pecuniary sources of utility, the latter

including outcome (Andreoni, 1989, 1990), self-signaling (Bodner and Prelec, 2003; Bénabou and

Tirole, 2011; Dubé et al., 2017), and social signaling (Akerlof and Kranton, 2000; Griskevicius

et al., 2010; Carpenter and Myers, 2010; Bursztyn et al., 2020) utility. The adoption decision is

given by x ∈ {0, 1}, in which x = 1 indicates adoption. Key factors that affect the utility gained

from adopting are the individual’s ideological identity, given by their voter affiliation, A ∈ {D,R}

indicating Democratic or Republican, the individual’s prosocial type, θ ∈ {θh, θl} indicating high

or low, the lifetime expected pecuniary value of the installation net of installation costs, EV , the

visibility of a (potential) solar installation, V is, and the voter affiliation of their neighbors, Ā,

defined as the fraction of neighbors that are registered Republicans.4

Let:

Ux = ux(x,A,EV, V is) + κsuself (x, θ,A, Ā, EV ) (1)

+ κpuprosocial(x, θ, A, Ā, EV, V is) + κnunon−conformity(x, θ, A, Ā, EV, V is)︸ ︷︷ ︸
usocial

+εx.

where ux is the outcome utility obtained from choice x. This includes the economic value of adopting

(EV ), impure altruism utility received by choosing to adopt solar based on the individual’s type and

voter affiliation, and the visibility of the potential solar installation (V is), due to the household’s

aesthetic tastes.5 The second term captures the self-signaling value of adopting: the utility gained

by being more certain about being type θh. The third and fourth terms together comprise the

social signal from visibly adopting solar: uprosocial is the non-pecuniary utility of the social signal

transmitted by visibly adopting solar – the utility gained by showing others evidence of type.

unon−conformity is a separate non-conformity penalty that reflects the desire for conformity with

local norms and identity. κs, κp, κn ≥ 0 govern the strength of each utility component relative to

ux.
6

4In the empirical application we will also allow for unregistered and mixed affiliation households.
5We do not take a stand on whether EV crowds out impure altruism by increasing private pecuniary benefits of

adopting.
6We do not impose this restriction in our empirics; rather, we test for the presence of these utility components.
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The relative utility of adopting solar versus not adopting (using ∆ to indicate the difference) is:

∆U = ∆u(A,EV, V is) + κs∆uself (θ,A, Ā, EV ) (2)

+ κp∆uprosocial(θ,A, Ā, EV, V is) + κn∆unon−conformity(θ,A, Ā, EV, V is)︸ ︷︷ ︸
usocial

+εx.

Let V (θ,A) be a meta-utility function representing the value of diagnosing oneself as being of

type θ, or a “preference over preferences” (Bodner and Prelec, 2003). A person who aspires to

be “green” has a high V (θh, A) relative to V (θl, A), while a person who does not care would have

V (θh, A) = V (θl, A). We expect that V (θh, A) ≥ V (θl, A) for all individuals, although our empirical

model will not impose this. These terms depend on affiliation A; we expect that V (θh, A)−V (θl, A)

will be larger for Democratic households, and that A provides a signal about underlying type θ.

Democratic households are more likely to be of type θh and Republican households are more likely

to be of type θl.

2.1 Self Signaling

We incorporate the distinction of Bodner and Prelec (2003) and, more generally, Bénabou and

Tirole (2011), between the outcome utility obtained directly from adoption, and diagnostic utility

gained from learning one’s type more precisely in light of the choice.7 Type “exerts influence at

the moment of choice, but cannot be deduced merely by imagining what one might do in a given

situation” (Bodner and Prelec, 2003). Rather, beliefs about type can be informed by actions taken.

Let Pr(θ = θh) = ρ. Then, self-signaling diagnostic utility is:

uself (x, θ,A, Ā, EV ) = ρ̂(x,EV, Ā, A) · V (θh, A) + (1− ρ̂(x,EV, Ā, A)) · V (θl, A) (3)

= V (θl, A) + ρ̂(x,EV, Ā, A)[V (θh, A)− V (θl, A)]

As in Bénabou and Tirole (2011) and consistent with Bayesian updating, households update

their beliefs to ρ̂ after the adoption decision such that ρ̂ = λρ0 + (1− λ)ρx, where ρ0 is the prior

7The model in Bénabou and Tirole (2011) nests Bodner and Prelec (2003) as a limiting case, one where the
individual “instantaneously forgets” their type, but refers to past actions (solar adoption) to diagnose their type using
Bayesian updating of their “self-view”.
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belief, ρx is the new information which depends on the adoption decision x ∈ {0, 1}, and λ governs

the malleability of beliefs or signal strength. We write ρx as:

ρx =


ρ0 if x = 0

1 if x = 1

(4)

where choosing x = 0 is identical to not yet choosing, and thus ρx = ρ0. Without loss of generality,

we set ρx = 1 for x = 1, assuming that adopting solar is associated with type θh. Note that

∆ρ̂ = (1− λ)(ρx − ρ0) ≥ 0, with strict inequality when x = 1. The self-signal when adopting vs. not

adopting is:

∆uself (θ,A, Ā, EV ) = uself (x = 1, θ, A, Ā, EV )− uself (x = 0, θ, A, Ā, EV )

= ∆ρ̂(EV, Ā, A)[V (θh, A)− V (θl, A)]. (5)

Adopting solar increases the belief of being type θh and the corresponding diagnostic utility.

A key feature of our model is that prior beliefs about one’s type are influenced by the political

affiliation of neighbors. Social psychology research shows that group interactions shape self-perception

(Allport, 1954; Aron et al., 1991; Turner et al., 2008; Turner and Onorato, 1999; Aron et al., 2022;

Pryor et al., 2019). Living amongst and interacting with neighbors perceived to be θl leads to

a prior ρ0 that places lower probability on being type θh. For example, joining a neighbor on a

hunting trip results in a lower value of ρ0 as one wonders “I am surrounded by a lot of θl, maybe

I’m actually a θl?” Thus, we assume that ∂ρ0
∂Ā

< 0.8 We also assume that ∂ρ0
∂A < 0, allowing one’s

own political identity to affect these initial beliefs.9 This implies ∂∆ρ̂
∂Ā

> 0, as the signal carries

greater meaning when adopting in a high-Ā (heavily Republican) neighborhood than it does in a

low-Ā neighborhood.

The λ governs how much weight the action x is given in updating the prior ρ0. Consistent with

“crowding out” (Dubé et al., 2017), we allow λ to be a function of the economic value of adopting

solar, since more economically valuable solar installations will have lower signaling value. Adopting

8Kaikati et al. (2017) notes the contrast between differing ideology (e.g. D vs. R) and shared social identity, e.g.
neighbors in affecting charitable donations.

9For example, one potential functional form would be ρ0 = 1− 1{A=R}+Ā
2

, which puts equal weight on one’s own
affiliation and the mean affiliation of the neighborhood.
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low-EV solar indicates more willingness to be prosocial, while adopting high-EV solar is confounded

by the higher energy bill savings, which would be desirable regardless of type, giving little reason

to update the prior. We assume ∂λ
∂EV > 0, and therefore (1− λ) is decreasing in EV . Therefore,

∂∆ρ̂2

∂Ā∂EV
< 0. The positive effect of Ā on ∆ρ̂ is attenuated by EV .

2.2 Social Signaling

Social signaling relies on the visibility of the decision x as well as the voter affiliation of the neighbors.

Here, the neighborhood provides the context in which social status may be gained or lost through

signaling (Bernheim, 1994; Akerlof and Kranton, 2000; Austen-Smith and Fryer, 2005; Bursztyn

and Jensen, 2015; Brick et al., 2017; Pryor et al., 2019; Perez-Truglia, 2018). The uprosocial term

includes the potential positive external signal about prosocial beliefs communicated to others when

adopting a visible installation, while unon−conformity captures the negative effect of non-conformity.

The net social signal depends on the average type in the neighborhood Ā and the household’s voter

affiliation A. We assume that all signaling value from non-visible installations is self-signaling.10

We allow the main effects of visibility and interactions between visibility and A in ux, which enters

separately from the social signals.

We include both forces in the social signal as follows (dropping the arguments of uprosocial and

unon−conform in a slight abuse of notation for readability):

usocial(x, θ,A, Ā, EV, V is) = κpuprosocial + κnunon−conform (6)

uprosocial ≡ ŝV (θh, A) + (1− ŝ)V (θl, A)

unon−conform ≡ (|ŝ− s0|)V nc.

We model the social signal in a similar way to the self-signal with one key difference. We assume

that the utility of the social signal is a weighted average of the external signal value and a valuation

for non-conformity, V nc < 0, multiplied by the degree to which the signal deviates from the mean

affiliation in the neighborhood, separating prosocial signaling from non-conformity. Similar to ρ̂, ŝ

10It is possible that non-visible installations are still socially relevant. If this were the case, some of the self-signal
effect that we estimate would also capture a social signal that is not subject to the same conformity disutility that we
find as visible solar panels.
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is the posterior probability that one is signaling a high type to others, and V (θh, A), V (θl, A) are

the values of each type as before.11

Similar to the self-signal, we probabilistically update the posterior beliefs after the adoption

decision is made, such that ŝ = λs0 + (1− λ)sx, but only if the adoption were to be visible. As with

the self-signal, we assume that ∂s0
∂Ā

< 0 such that the more Republican the neighborhood is, the

lower the prior belief is that one is type θh.12 The social signal is set to sx = 1 if and only if x = 1

and the installation would be visible to neighbors. Again, we allow for the updating to depend

on the economic value of adoption since there is more signaling value in lower EV installations.13

As with ∆ρ̂, our similarly defined ∆ŝ = (1 − λ)(sx − s0) ≥ 0 is increasing in Ā if there is visible

solar adoption (otherwise ∆ŝ = 0) and this effect is attenuated by higher EV . As in the self-signal,

∆uprosocial = ∆ŝ(V (θh, A)− V (θl, A)).

Prior to the adoption decision, our specification implies that the non-conformity term is equal

to zero.14 Adopting visible solar increases ŝ, incurring a non-conformity penalty proportional

to ∆ŝ We expect the penalty to be higher in high-Ā (more Republican) neighborhoods as the

visible installation reveals one to be further from s0, which is itself decreasing in the neighborhood

Republican affiliation. This provides a countervailing force to the social signal.

2.3 Testable implications

2.3.1 The self-signal is increasing in Republican affiliation of neighbors

First, we examine the effect of the neighborhood on the self-signal that results from increases in the

Republican share of the neighborhood, Ā, while holding EV fixed:

11This assumption is not restrictive – uprosocial is scaled by κp, which could also account for any difference in
V (θh, A)− V (θl, A) between the self-signal and the prosocial signal value of each type.

12One example would be s0 = 1− Ā, which sets the prior belief to the mean affiliation of the neighborhood.
13See Bénabou and Tirole (2006) and Jee et al. (2025) on crowding out of reputational social signals, and Bollinger

et al. (2022); Nauze (2023), showing peer effects are stronger for lower-EV solar.
14This implies that non-adoption is not subject to “shame” (Perez-Truglia and Troiano, 2018; Butera et al., 2022).

In this respect, our model is “characteristic signaling” rather than “action signaling” in which households compare to
a population average, as in the green nudge literature (Allcott, 2011; Allcott and Kessler, 2019; Yoeli et al., 2013;
Carlsson et al., 2021)
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∂∆uself

∂Ā
= (V (θh, A)− V (θl, A))

∂

∂Ā
(ρ̂− ρ0)

= −∂ρ0
∂Ā

(V (θh, A)− V (θl, A))(1− λ) > 0. (7)

Increases in Ā will increase individual adoptions due to the self-signaling value, which increases

relative to non-adoption when the “fallback” self-signal from non-adoption is that of the neighbors.

Higher Ā indicates a “fallback” of lower type, with the magnitude of the effect determined by

V (θh, A)−V (θl, A). Given our expectation that Democratic households will have a higher net value

of being type θh, we expect the neighborhood effect on the self-signal to be stronger for Democratic

households relative to Republicans.

2.3.2 The effect of Republican neighbors on the self-signal is diminishing in EV

We also examine the role of EV in attenuating the effect of Republican neighbors on the self-signal:

∂2∆uself

∂EV ∂Ā
=

∂λ

∂EV
· ∂ρ0
∂Ā

(V (θh, A)− V (θl, A)) < 0 (8)

As EV increases, the neighborhood effect on the self-signal attenuates, offsetting the positive

effect of increasing Ā. We consider this a type of crowding-out effect. As with the neighborhood

effect on the self-signal, we expect the effect to be stronger among Democratic households than

Republican households. Because higher EV systems provide higher outcome utility, u1, the sign of

the combined effect of EV is ambiguous, although we would expect its effect on outcome utility to

be larger than the crowding out effect.

An interesting ramification of this crowding-out effect is that lower-EV adoptions are more likely

to occur relative to high-EV adoptions when the effect on self-signaling is especially strong (i.e., in

higher Ā neighborhoods), providing a counter-effect to the neighborhood effect on the self-signal. To

make this more concrete, the implication is that while a Democratic household in a more Republican

neighborhood may be more likely to adopt than if they lived in a more Democratic neighborhood,

the adoptions that occur are more likely to be of lower EV .
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2.3.3 The net social signal is decreasing in Republican affiliation of neighbors

The neighborhood effect on the social signal affects both components of the social signal. We first

examine the effect of Ā on the prosocial signal utility:

∂∆uprosocial

∂Ā
= −∂s0

∂Ā
(V (θh, A)− V (θl, A))(1− λ) · V is ≥ 0. (9)

For visible installations, increases in Ā result in an increase in the value of the prosocial signal

utility.

The neighborhood effect on the non-conformity term simplifies to:

∂∆unon−conformity

∂Ā
= (1− λ)V nc · V is ≤ 0, (10)

where the inequality follows from V nc < 0.

The neighborhood effect on the prosocial signal is positive in Ā, while the non-conformity penalty

is negative. For a visible installation and as Ā increases, the net social signal depends on the relative

strength of the prosocial and the non-conformity terms, which we hypothesize is dominated by the

non-conformity penalty, i.e., κp << κn.15

As EV increases (λ → 1), the net neighborhood effects on both the self- and social signal

attenuate to zero.

3 Empirical Approach

3.1 Data

To identify parameters that test the implications of our model, we assemble a dataset that includes

data on home location, home characteristics, voter affiliation, solar potential, and solar adoption.

CoreLogic, which compiles county assessor data on homes, provides the primary dataset we use. We

extract all single-family detached, owner-occupied households built prior to 2014 in seven counties

15This may reflect a difference in identity group. Signaling prosocial behavior to others of an opposite group is of
lesser value (Akerlof and Kranton, 2000), and thus more likely dominated by the non-conformity penalty κn
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Table 1: Summary Statistics: Summary statistics for variables used in analysis.

All Non-adopter Adopter

Median Mean SD Median Mean SD Median Mean SD

Voter Registration
Registered Democrat/Mixed hh 1.00 0.57 0.50 1.00 0.56 0.50 1.00 0.57 0.50
Registered Republican hh 0.00 0.21 0.40 0.00 0.20 0.40 0.00 0.25 0.43
Unregistered Voter hh 0.00 0.23 0.42 0.00 0.23 0.42 0.00 0.18 0.38

Neighborhood
Republican block-by-street 0.17 0.20 0.19 0.17 0.20 0.19 0.21 0.24 0.21
Republican block 0.18 0.20 0.14 0.18 0.20 0.14 0.23 0.24 0.15
Republican blockgroup-by-street 0.18 0.20 0.16 0.17 0.20 0.16 0.22 0.24 0.17

Household and House Characteristics
Children 0.00 0.31 0.60 0.00 0.30 0.59 0.00 0.40 0.69
Expected Value ($1,000) 5.61 5.53 0.89 5.59 5.51 0.90 5.77 5.73 0.79
Home Size (1,000 sq. ft) 1.61 1.81 10.31 1.58 1.77 10.81 2.03 2.22 0.99
Bedrooms 3.00 3.30 1.00 3.00 3.27 1.00 4.00 3.62 0.97
Lot size (1,000 sq. ft)† 6.51 12.37 55.45 6.48 11.69 53.15 7.42 19.19 74.24
1(Year built > 1990) 0.00 0.10 0.30 0.00 0.10 0.29 0.00 0.15 0.36
1(Stories > 1) 0.00 0.23 0.42 0.00 0.22 0.42 0.00 0.27 0.44
Assessor value ($100k)† 3.19 4.16 4.27 3.10 4.05 4.18 4.15 5.33 4.88

Visibility
Visible (degrees from closest street) 0.39 0.41 0.29 0.39 0.41 0.29 0.38 0.40 0.29
Visible (side of street) 0.00 0.24 0.43 0.00 0.25 0.43 0.00 0.23 0.42

†Winsorized at .1%

in California, totaling N = 994, 454 households.16 For each household, we observe the year built, lot

size, home size (in square feet), assessor value, number of bedrooms, and number of stories. We

winsorize lot size and assessor value at 0.1% to avoid fitting to outliers.

We merge our data with voter registration records from the California Secretary of State, which

include party affiliation, voting history, and birthdate for each registrant. For households with

multiple voters, we identify the two most active between 2010–2014, breaking ties by selecting the

eldest. We classify households as unregistered (no registrants), Republican (both voters registered

Republican), or Democratic/mixed (all others, including mixed affiliations). We measure the

political affiliation of the local neighborhood at the block-by-street, block, and blockgroup-by-street

(excluding the household of interest in the calculation of the share of Republican affiliations).

We measure household-level variation in the expected return to rooftop solar using data from

Google Project Sunroof, which estimates irradiance and system performance based on satellite

imagery. Assuming a $150 monthly bill, the platform reports the 2016 NPV of a 15-year investment,

16These counties are Alameda, Contra Costa, Orange, San Diego, San Luis Obispo, Solano, and Yolo.
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net of installation costs.17 To avoid confounding from post-2016 policy changes (e.g., NEM 2.0), we

restrict the study period to 1999–2016.18 We spatially merge the Sunroof coordinates to households,

excluding the top 5% of matches by distance. Adoption outcomes are drawn from the Lawrence

Berkeley National Laboratory’s Tracking the Sun database, which provides near-universal coverage

of solar installations through 2016. We merge installation records at the address level.

Visibility is a continuous measure of the extent to which solar panels would be visible from

the roadway. For each house, we draw a set of 360 radii of length 65 meters from the center of

the roof outward. Each radius is first checked for intersection with the nearest street line. The

intersection points represent potential degrees of visibility. Each point is then checked to see if

the panel orientation (pitch and azimuth, as reported by Google Project Sunroof) would render it

visible from that point. Each visible point counts as a degree of visibility. We censor this measure

at 180 degrees and scale to range from 0 (not visible) to 1 (fully visible). As a robustness check,

we also define a binary visibility proxy equal to 1 for homes on the north side of the street and 0

otherwise. See Appendix ?? for a full description and visual examples. Our final sample consists of

N = 905, 028, of which 74,663 (8.2%) are solar adopters. Summary statistics are shown in Table 1.

3.2 Estimation

We estimate a parameterized version of the difference in adoption utility and non-adoption utility

given in Equation (2):

∆Ui = ∆ui +∆uselfi +∆usociali +Xi · ω1 +
∑

a∈{R,U}

Xi · 1{Ai = a} · ω2a + ψb(i)g(i) + εi, (11)

in which we define:

17Public data available at http://sunroof.withgoogle.com.
18NEM 2.0 was announced in 2016 and implemented in mid-2017.
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∆ui ≡ α0 +
∑

a∈{R,U}

α1t1{Ai = a}+ α2EVi +
∑

a∈{R,U}

α3aEVi · 1{Ai = a} (12)

+ α4V isi +
∑

a∈{R,U}

α5aV isi · 1{Ai = a}+ α6V isi · EVi,

∆uselfi ≡ β1Āi +
∑

a∈{R,U}

β2aĀi · 1{Ai = a}+ β3Āi · EVi +
∑

a∈{R,U}

β4aĀi · EVi · 1{Ai = a},

∆usociali ≡ γ1V isi · Āi +
∑

a∈{R,U}

γ2aV isi · Āi · 1{Ai = a}+ γ3V isi · Āi · EVi.

We re-center Āi (the fraction of all other households in the neighborhood in our sample that are

registered Republican) and EVi (the Google Project Sunroof-derived expected value of adopting

solar) on the sample means for ease of interpretation. We combine Democratic and mixed-affiliation

households such that affiliation a can take values of D/m, R, or U ; indicating the household head(s)

are Democratic/mixed, Republican, or unregistered, respectively. The omitted category is D/m

and interaction terms are relative to a Democratic/mixed affiliation household.

V isi is the [0, 1] visibility measure. We include it in outcome utility since there can be a

dis-amenity for visible solar due to aesthetic concerns. The interactions allow it to differ by voter

registration and the economic value of installing. The Xi consists of controls for the number of

children, lot square footage, lot square footage squared, house square footage, an indicator for

post-1990 construction, assessor value, number of stories, and number of bedrooms; we allow these

controls to have different effects for households of different political affiliation. The ψb(i)g(i) are

fixed effects at the census blockgroup level that differ by whether a household is registered to vote.

This controls for potentially heterogeneous correlated unobservables for unregistered status (e.g.,

non-citizens). We assume εi is distributed logistic. Let ∆Ũi = ∆Ui−εi. Thus, adoption probabilities

take the familiar logit closed form Λ(∆Ũi) and we estimate the model using maximum likelihood.

We connect our testable implications to our empirical specification by noting that for Demo-

cratic/mixed affiliation households:

• There is a positive self-signal if β1 > 0, indicating that adoption is increasing with

Republican affiliation of neighbors.

• The self-signal is crowded out by EV if β3 < 0.
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• There is a positive net social signal if γ1 < 0, indicating that adoption of visible

installations increases less than non-visible installations with Republican affiliation of neighbors.

• The net social signal is crowded out by EV if γ3 > 0.

The β2a and γ2a terms for a ∈ {R,U} allow us to test whether the Republican and unregistered

households differ in the size of these effects, relative to Democratic/mixed households; β1 + β2a is

the self-signaling effect and γ1+ γ2a is the net social signaling effect for Republican and unregistered

houses for a ∈ {R,U}, respectively.19

3.3 Identification

It is well known that the spatial composition of households is endogenous due to sorting (Manski,

1993; Bayer et al., 2007). To obtain causal estimates of the effect of neighbors’ voter affiliations,

we construct “hyper-local” measures of neighborhood voter affiliation Ā, based on the fraction of

neighbors that are registered Republican. We define “neighborhood” at the census block-by-street,

the census block (our preferred measure), and the census blockgroup-by-street.20 We include

larger (but still fine-grain) spatial fixed effects at the census blockgroup level. This is akin to

the ‘nearest-neighbor research design’ common in the neighborhood effects literature (Bayer et

al., 2008) and has been used to identify spatial spillovers in myriad contexts (Linden and Rockoff,

2008; McCartney and Shah, 2022; Bayer et al., 2021; Blume et al., 2011; Bayer et al., 2025). This

hyper-local control strategy controls for selection on unobservables from (endogenous) sorting as well

as unobserved local permitting constraints that may be correlated with neighbors’ voter affiliations.21

Our identifying assumption is that there is no within-blockgroup neighborhood-level correlation

within the unobservable attributes among households (Bayer et al., 2008, 2021).22

In Appendix ??, we show that when conditioning on blockgroup, both household voter affiliation

and the number of children in a household are uncorrelated with other households in the neighborhood,

19We allow the crowding out effect of self-signaling to differ by political affiliation as well. Although we don’t include
the quadruple interaction that allows the social signaling crowding out effect to differ by political affiliation in the
main specification, we did include it in a robustness check and found to it be insignificant and close to zero.

20This definition of neighborhood is finer than the colloquial usage of neighborhood, but intends to capture immediate
neighbors with whom one is most likely to interact. We provide a robustness check in which we measure neighborhood
as the four spatially nearest neighbors as well.

21The California Solar Rights Act of 1978 and 2014 preclude unreasonable HOA restrictions on solar and HOAs are
unlikely to exist at the sub-blockgroup scale.

22In our setting (California), housing markets preclude sorting beyond a census blockgroup (McCartney and Shah,
2022).
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and that household voter affiliation is uncorrelated with the rest of the neighborhood’s voter affiliation.

We also calculate the ratio of selection on unobservables to selection on observables (Altonji et al.,

2005, 2008, 2025) that would be necessary to overturn our results on the effect of the neighborhood

Ā, often called the breakdown point. We report the breakdown points of Oster (2019) and Diegert et

al. (2025) and argue that, in our setting, the potential for confounding by selection on unobservables

is low.

Although observable characteristics of the household do not correlate within neighborhood

(conditional on census blockgroup fixed effects), characteristics of the home can (such as year built).

Similarly, EV can be correlated within neighborhood, potentially due to local natural features

like hills. Thus, we control for observables that affect these variables mechanically that may be

correlated with unobserved tastes for solar: home size and number of stories (which determine

breadth of roof available for solar), lot size, number of bedrooms, year built, assessor value, and lot

size. Selection by households with tastes for solar into houses with greater irradiance is possible.

We address this by including a robustness check using only homes sold in or before 2005, when solar

irradiance would not be a consideration.

We use a source of plausibly exogenous variation in the visibility of a solar installation to identify

social influences that operate through signaling. At northern latitudes, the midday sun is always in

the southern sky, leading to the placement of panels on the southern side of a roof, and visibility, key

to social signals, is largely a function of the roof profile and the side of street. We use proprietary

Google Sunroof data that provides the placement, pitch, and azimuth of potential solar installations

to robustly measure a potential solar installation’s visibility. To address potential sorting by by

side-of-street, which is highly correlated with visibility, we show in a hedonic regression that the

side of street is uncorrelated with home value, indicating that sorting by potential solar visibility is

unlikely.

4 Results

In Table 2, we present our main results estimated over three definitions of neighborhood, suppressing

controls.23 Throughout, our preferred estimates define neighborhood at the census block level shown

23See Appendix ?? for the full regression results with all controls, and for a range of robustness checks which show
similar effects (Appendix ??).
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in column (2). Some blockgroups have zero observed installations, which results in dropping 86,942

observations. For robustness, we estimate a linear probability model as well which preserves the

complete sample.

Outcome utility: We find that Republican registered households have a lower baseline utility for

solar, likely through smaller net valuation of being type θh. The main effect of visibility is negative

for registered voting households and is not significantly stronger among Republicans. Unregistered

voters appear to be an exception, with no negative utility from adopting visible solar. While our

results do not allow us to disentangle mechanisms, aesthetic concerns (separate from social signals)

are one likely explanation, even among individuals who wish to signal environmental bona fides.

We calculate the equivalent willingness-to-pay (WTP) using the visibility result and the coefficient

on EV (in $1,000’s). The equivalent WTP to avoid fully visible panels for a Democratic/mixed

household in an average neighborhood is −0.095
−0.193 × $1, 000 = $491.93, which is approximately 1.5% of

the average system cost.

The self-signal: The self-signal is increasing in Republican affiliation of neighbors if β1 > 0 in

Equation 11. For Democratic/mixed households with average EV and zero visibility, the estimated

effect is positive and statistically-significant at 0.502. Republican households (β1 + β2R) receive

significantly less utility from self-signaling, but with a point estimate of 0.502 − 0.330 = 0.172.

We fail to reject the null of no self-signaling effect for Republican households with a p-value of

0.127. The same result holds in alternative specifications in (1) and (3). We interpret this as causal

evidence that the self-signal is affected by the voter affiliation of neighbors.

We calculate an equivalent WTP of $377 for Democratic/mixed households per one standard

deviation increase (0.145) from the mean (0.200) in the Republican composition of the neighborhood,

representing 1.2% of the average system cost and 6.8% of the average EV . This WTP is three times

that of Republican WTP for a similar increase. In aggregate, the effect of Republican neighbors on

the self-signal has a significant effect on the overall provision of the public good.

To provide context, we set the neighborhood effect on the self-signal to zero for all voter

affiliations and predict the change in the number of installations. Overall adoption declines by 4,711

installations representing 13.5 megawatts of capacity (3.4%). To calculate impacts on emissions,
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Table 2: Main Results

Dependent Variable: Adopt
Model: (1) (2) (3)
Neighborhood definition: Block x Street Block Blockgroup x Street

Outcome utility α
Republican hh -0.171∗∗∗ -0.165∗∗∗ -0.170∗∗∗

(0.050) (0.050) (0.050)
Expected value 0.189∗∗∗ 0.193∗∗∗ 0.191∗∗∗

(0.015) (0.015) (0.014)
Expected value × Republican hh 0.002 0.007 0.003

(0.015) (0.015) (0.015)
Expected value × Unregistered voter hh -0.040 -0.042+ -0.040+

(0.024) (0.024) (0.024)
Visible (frac of degrees from closest street) -0.097∗∗∗ -0.095∗∗∗ -0.096∗∗∗

(0.020) (0.020) (0.020)
Visible (frac of degrees from closest street) × Republican hh -0.007 -0.022 -0.008

(0.035) (0.037) (0.036)
Visible (frac of degrees from closest street) × Unregistered voter hh 0.080∗ 0.084∗ 0.079∗

(0.039) (0.039) (0.039)
Visible (frac of degrees from closest street) × Expected value -0.003 -0.003 -0.005

(0.019) (0.019) (0.019)

Self-signal utility β
Republican nbhd 0.233∗∗∗ 0.502∗∗∗ 0.343∗∗∗

(0.051) (0.089) (0.068)
Republican nbhd × Republican hh -0.183∗ -0.330∗∗ -0.253∗

(0.081) (0.122) (0.101)
Republican nbhd × Unregistered voter hh -0.068 -0.038 -0.162

(0.108) (0.177) (0.135)
Republican nbhd × Expected value -0.172∗∗∗ -0.296∗∗∗ -0.254∗∗∗

(0.048) (0.072) (0.063)
Republican nbhd × Expected value × Republican hh 0.037 0.029 0.051

(0.060) (0.085) (0.077)
Republican nbhd × Expected value × Unregistered voter hh 0.064 0.146 0.063

(0.085) (0.124) (0.103)

Social signal utility γ
Visible (frac of degrees from closest street) × Republican nbhd -0.202∗ -0.339∗∗ -0.262∗

(0.096) (0.131) (0.118)
Visible (frac of degrees from closest street) × Republican nbhd × Republican hh 0.161 0.429+ 0.207

(0.163) (0.236) (0.205)
Visible (frac of degrees from closest street) × Republican nbhd × Unregistered voter hh 0.189 0.031 0.277

(0.196) (0.268) (0.237)
Visible (frac of degrees from closest street) × Republican nbhd × Expected value 0.177∗ 0.189+ 0.249∗

(0.085) (0.110) (0.107)

Fixed-effects
Blockgroup-Registered voter Yes Yes Yes

Fit statistics
Observations 818,086 818,086 818,086
Pseudo R2 0.10003 0.10010 0.10005
Log-Likelihood -224,590.5 -224,573.3 -224,585.7

EV and the Republican neighborhood measure Ā are demeaned.
Clustered (Blockgroup-Registered voter) standard-errors in parentheses. “nbhd” refers to “neighborhood.”
Signif. Codes: ***: 0.001, **: 0.01, *: 0.05, +: 0.1
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we merge the change in solar adoptions with marginal emissions factors from Sexton et al. (2021),

which are expressed in dollars of reduced environmental externalities per 1kW of solar capacity in a

given zip code. Eliminating the self-signal results in a decrease in emissions valued at $2.4 million

per year, equivalent to $38.3 million over the 25-year lifespan of the panels (discounted at 4%).24

The effect of Republican neighbors on the self-signal is diminishing in EV if β3 < 0, indicating

“crowding out” of the self-signal. Results in Table 2 show that the self-signal is attenuated by the

privately-captured payoff with a point estimate of −0.296. In a somewhat surprising finding, we find

no significant difference in the crowding out effect for Republican (β4R) and unregistered households

(β4U ) relative to Democratic and mixed households. Under a scenario where the crowding-out effect

is set to the mean EV for all voter affiliations, installations would increase by 305 and capacity by

0.67 megawatts (0.17%), reducing negative externalities by $117,646 per year, with a NPV of $1.91

million. Our results elucidate previous research that shows Republican households respond more to

the financial payoff of adopting solar relative to Democrats (Dokshin and Gherghina, 2024) – we

find that this empirical fact results from the crowding out of the self-signal, not from differences in

the valuation of the financial benefits.

Social signal The net social signal is decreasing in Republican affiliation of neighbors if γ1 < 0,

controlling for the effect of visibility on the outcome utility (α4). Our estimate for Democratic/mixed

households, γ1, is −0.339 and is statistically significant at the 1% level. The effect on the social

signal for Republicans is γ1+γ2R = 0.091 and is not statistically significant (p-value 0.66). A similar

result applies for unregistered households. We interpret this as evidence for a social signaling effect

for Democratic/mixed households – as they are surrounded by increasingly Republican households,

visible panels suffer an additional penalty for adoption.

The penalty is substantial: the equivalent WTP to avoid the net social signal from a one standard

deviation increase in Republican neighborhood affiliation for a Democratic/mixed household with

an average-visibility and average-EV is −0.145× −0.339
(0.193−.003) = $259. For each Democratic/mixed

household we calculate the equivalent value of the change in utility for each observation that would

result from zeroing out the neighborhood effect on the net social signal. The average dollar equivalent

for Democratic/mixed households is $124. Eliminating the neighborhood effect on the social signal

24Of this, nearly all is due to reduced CO2 emissions, 12,965 tons per year valued at $174/ton in 2017 dollars
(Rennert et al., 2022)
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would result in 871 (+1.2%) additional adoptions, reducing “dollarized” emissions by $433,907 per

year with a NPV of $7.05 million. This represents foregone benefits from solar adoption resulting

from the neighborhood non-conformity effect on the social signal. We also find that as EV increases,

the net social signal becomes less negative, since γ3 > 0, demonstrating the crowding out effect.

5 Conclusion

We find empirical evidence that clarifies the role of the local social context in both the self-signal

and the social signal. Furthermore, we find that the private payoff of adopting is an important

component of the self- and social signal. The model grounds the concept of “crowding out” in the

local context, and provides predictions for behavior that are consistent with experimental empirical

evidence. Furthermore, the moderating effect of the private benefit of solar on the neighborhood

effect of non-visible installations allows us to separate self-signaling from warm glow that results

from altruistic behavior.

The economic magnitude of each of these effects are notable. The self-signal provides positive

utility when the local social context is dominated by a type less likely to adopt a prosocial behavior,

constituting a substantial component of the utility for those who value being a prosocial type. Most

notable is the countervailing effects of visibility – while a more Republican neighborhood provides

greater self-signaling utility from adopting for Democratic/mixed households, if the potential solar

installation would be visible, the effect is attenuated by the non-conformity penalty. Since the

crowding out of the self-signal effect is of smaller magnitude than is the social signal, an increase in

the emphasis on privately-captured benefits likely would yield positive effects on adoption.

As policy moves away from explicit subsidies on renewables, prosocial behavior will gain in

importance in achieving climate goals. Results in this study can inform where, and under what

conditions, prosocial behavior is most likely, and helps to inform the effects of increased polarization.

Better understanding of the channels by which adopters update their priors may help point to

effective policies.
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Berger, Joël, “Signaling can increase consumers’ willingness to pay for green products. Theoretical
model and experimental evidence,” Journal of Consumer Behaviour, 2019, 18 (3), 233–246. eprint:
https://onlinelibrary.wiley.com/doi/pdf/10.1002/cb.1760.

Bergstrom, Theodore, Lawrence Blume, and Hal Varian, “On the private provision of public
goods,” Journal of Public Economics, February 1986, 29 (1), 25–49.

Bernhard, Helen, Ernst Fehr, and Urs Fischbacher, “Group Affiliation and Altruistic Norm
Enforcement,” American Economic Review, April 2006, 96 (2), 217–221.

Bernheim, B. Douglas, “A Theory of Conformity,” Journal of Political Economy, October 1994,
102 (5), 841–877. Publisher: University of Chicago Press.

Blume, Lawrence E., William A. Brock, Steven N. Durlauf, and Yannis M. Ioannides,
“Identification of Social Interactions,” Handbook of Social Economics, 2011, pp. 853–964. ISSN:
1570-6435.

Bodner, Ronit and Drazen Prelec, “Self-Signaling and Diagnostic Utility in Everyday Decision
Making,” in Isabelle Brocas and Juan D Carrillo, eds., The Psychology of Economic Decisions,
Oxford University PressOxford, February 2003, pp. 105–124.

Bollinger, Bryan, Kenneth Gillingham, A. Justin Kirkpatrick, and Steven Sexton,
“Visibility and peer influence in durable good adoption,” Marketing Science, 2022. Publisher:
INFORMS.

Brick, Cameron, David K. Sherman, and Heejung S. Kim, ““Green to be seen” and “brown
to keep down”: Visibility moderates the effect of identity on pro-environmental behavior,” Journal
of Environmental Psychology, August 2017, 51, 226–238.

Bursztyn, Leonardo and Robert Jensen, “How Does Peer Pressure Affect Educational Invest-
ments? *,” The Quarterly Journal of Economics, August 2015, 130 (3), 1329–1367.

and , “Social Image and Economic Behavior in the Field: Identifying, Understanding, and
Shaping Social Pressure,” Annual Review of Economics, August 2017, 9 (Volume 9, 2017), 131–153.
Publisher: Annual Reviews.

, Michael Callen, Bruno Ferman, Saad Gulzar, Ali Hasanain, and Noam Yuchtman,
“Political Identity: Experimental Evidence on Anti-Americanism in Pakistan,” Journal of the
European Economic Association, October 2020, 18 (5), 2532–2560.

Butera, Luigi, Robert Metcalfe, William Morrison, and Dmitry Taubinsky, “Measuring
the Welfare Effects of Shame and Pride,” American Economic Review, January 2022, 112 (1),
122–168.

Bénabou, Roland and Jean Tirole, “Willpower and Personal Rules,” Journal of Political
Economy, August 2004, 112 (4), 848–886. Publisher: The University of Chicago Press.

22



and , “Incentives and Prosocial Behavior,” American Economic Review, November 2006, 96
(5), 1652–1678.

and , “Identity, Morals, and Taboos: Beliefs as Assets *,” The Quarterly Journal of Economics,
May 2011, 126 (2), 805–855.

Carlsson, Fredrik, Christina Gravert, Olof Johansson-Stenman, and Verena Kurz,
“The Use of Green Nudges as an Environmental Policy Instrument,” Review of Environmental
Economics and Policy, June 2021, 15 (2), 216–237. Publisher: The University of Chicago Press.

Carpenter, Jeffrey and Caitlin Knowles Myers, “Why volunteer? Evidence on the role
of altruism, image, and incentives,” Journal of Public Economics, December 2010, 94 (11-12),
911–920.

Charness, Gary and Matthew Rabin, “Understanding Social Preferences with Simple Tests,”
The Quarterly Journal of Economics, 2002, 117 (3), 817–869. Publisher: Oxford University Press.

Chen, Yan and Sherry Xin Li, “Group Identity and Social Preferences,” American Economic
Review, March 2009, 99 (1), 431–457.

Cialdini, Robert B. and Noah J. Goldstein, “Social Influence: Compliance and Conformity,”
Annual Review of Psychology, February 2004, 55 (Volume 55, 2004), 591–621. Publisher: Annual
Reviews.

Diegert, Paul, Matthew A. Masten, and Alexandre Poirier, “Assessing Omitted Variable
Bias when the Controls are Endogenous,” 2025. Version Number: 5.

Dixon, Darcie and Sven Mikolon, “Cents of self: How and when self-signals influence consumer
value derived from choices of green products,” International Journal of Research in Marketing,
June 2021, 38 (2), 365–386.

Dokshin, Fedor A. and Mircea Gherghina, “Party affiliation predicts homeowners’ decisions
to install solar PV, but partisan gap wanes with improved economics of solar,” Proceedings of the
National Academy of Sciences, July 2024, 121 (29), e2303519121. Publisher: Proceedings of the
National Academy of Sciences.
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