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Abstract

Large amounts of occasional voters participated in the Brexit referendum. How did
this increase in turnout affect the outcome of the referendum? To thoroughly explore
this question we exploit exogenous variation in voting costs on the local level. Large
amounts of rainfall on election day made voting slightly more inconvenient in some ar-
eas of the UK. Using this rainfall in an instrumental variable approach, we can assess
the voting behaviour of citizens whose benefits of voting just surpass costs under nor-
mal circumstances. We show that these voters predominantly supported Leave. Hence,
the increase in turnout led to higher Leave support. Subsequently, we explore the likely
reason for this observation with survey data. We find evidence that occasional voters
were not more likely to support Leave in general, but that the mobilisation of Leave-
leaning vs. Remain-leaning occasional voters was lopsided: Leave-leaning occasional
voters were more likely to turn out. In a broader picture, our research highlights that
the issue-specific mobilisation of low-propensity voters is important for explaining elec-
toral outcomes. This is particularly so in referendums with weak partisan preferences,
and where singular issues dominate voter decision making.

Keywords: Brexit; United Kingdom European Union membership referendum; turnout;
electoral participation; electoral outcomes; voting behaviour; voting costs; rainfall; in-
strumental variable approach

∗I thank John Aldrich, Liam Beiser-McGrath, Matthias Fatke, Sona Golder, Arndt Leininger, Ingrid
Mauerer, Steffen Murau, Oliver Pamp, Christopher Prosser, Franziska Quoss, Paul Thurner, seminar audi-
ences at LMU Munich and ETH Zurich as well as participants at the 2016 EITM summer institute, and
the 2017 MPSA conference for helpful comments and suggestions. UK rainfall data provided by the UK
Met Office is kindly acknowledged. I acknowledge financial support by a dissertation research grant of the
German National Academic Foundation.
†LMU Munich and ETH Zurich; Email: lukas.rudolph@gess.ethz.ch.

1

Forthcoming in Journal of European Public Policy; author accepted manuscript

mailto:lukas.rudolph@gess.ethz.ch


1 Introduction

Low turnout likely leads to both representation being skewed and policy being shifted towards

the interests of voters as opposed to the eligible population (Lijphart, 1997). Against this

backdrop, decreasing rates of electoral participation in the last decades in many established

democracies are worrying. But who participates if turnout increases from such low baselines?

We investigate this question for a particularly relevant case: the United Kingdom European

Union membership (‘Brexit’) referendum on June 23rd, 2016, where turnout reached 72%

– the last UK general election that saw turnout above 70% was in 1997, and turnout for

European Parliament elections never reached 40% in the UK. Pollsters and forecasters had

both seen a vote for Remain as likely outcome of the election, the Leave share of 51.9% came

as a surprise for many, and the role of turnout has been publicly debated in the aftermath.

We ask whether this high level of turnout had an effect on the outcome of the referendum.

A recent literature draws on quasi-experimental variation in participation costs due to

institutional design and suggests that turnout matters. Particularly, left-of-center parties

and positions profit in many contexts (Fowler, 2013, 2015; Bechtel et al, 2016; Potrafke and

Roesel, 2018), although in particular settings it is right-of-center positions (Cepaluni and

Hidalgo, 2016; Berinsky, 2005), both the left and right (Finseraas and Vernby, 2014) or the

political center (Ferwerda, 2014) that see increases in electoral support.

This picture is reinforced by another set of studies using changes in weather conditions as

instrumental variable (IV) for turnout: E.g., Hansford and Gomez (2010) report substantial

partisan effects of voter turnout in the US, benefiting the Democrats. Partisan effects are

noted for rainfall in other elections as well (see Arnold and Freier, 2016, for an overview).

The above mentioned research largely studies presidential, legislative or local elections.

However, with referendums the incentives for particpation follow a different calculus. Voters

are asked to vote for a single referendum question that may or may not be salient for them.

This makes it even more important to study the role of who participates in referendums to

voice their opinion.

Best studied is the Swiss case. Survey evidence indicates that outcomes of Swiss referen-

dums are by and large representative (e.g., Leininger and Heyne (2017)). However, exogenous

increases in turnout (due to compulsory voting) led to increased support for leftists policy

(Bechtel et al, 2016) and less educated voters were most sensitive to variations in voting costs

(due to postal voting) (Hodler et al, 2015). For EU referendums, Qvortrup (2016) reports

a strong cross-country correlation between turnout levels and EU/EEC approval rates for

all EU/EEC referendums between 1972 and 2015. The present study picks up this question

with a causal identification strategy for the Brexit case. This fills an important gap, as most
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EU-related research on voting behavior focuses on factors that influence vote choice, not

participation (see for an extensive treatment Hobolt and Tilley, 2014).

Given the likely endogenous relationship between turnout and electoral outcomes, we

follow an established literature that uses rainfall as exogenous instrument for participation

(Arnold and Freier, 2016). This is feasible, as exceptionally strong rainfall on election day

affected parts of the country. An additional first differences design warrants against geo-

graphic confounders, focusing on the differential increase in turnout from the 2014 European

Parliament election. In line with earlier research we find that rainfall depressed turnout,

i.e. with good weather we observe a larger increase in turnout. We then use this weather-

induced variation in an IV set-up to assess the electoral effects of turnout. Our estimates

imply that an increase in turnout of one percentage point led to an increase in the Leave

share of around 0.75 percentage points. Placebo tests on unaffected outcomes (Brexit postal

voting) lend support to the identification strategy. The implications of these findings differ

depending on two potential preference structures of all low-propensity voters in the UK. Is

it more likely that all occasional voters were leaning towards Leave, or was it rather the case

that among all occasional voters those leaning towards Leave were mobilised to a particular

extent? Evidence from pre-referendum survey data (British Election Study) indicates that

Leave/Remain support was likely similar between occasional and regular voters in principle.

But among occasional voters, Leave-leaning respondents report a higher turnout intention.

Our reserach contributes to three broader questions. First, our findings link to the ob-

servation that low propensity voters have heterogeneous preferences (Finseraas and Vernby,

2014). The results indicate that the mobilisation potential of occasional voters matters even

if overall turnout levels are, as in the case at hand, relatively high already. Hence, whenever

issue salience, campaigning or other external factors succeed in mobilising some occasional

voters over others, this should be consequential for electoral results.

Second, our research contributes to a small literature that assesses the particular role of

turnout in referendums and ballot initiatives. It has e.g. been shown for ballot initiatives in

the US that the saliency of issues influences turnout (Biggers, 2011; Smith, 2001), but likely

mobilises specific segments of the population over others (Campbell and Monson, 2008). We

add an important case in which mobilisation was lop-sided despite a national-level relevance

of the referendum question.

Third, our results contribute to understanding ‘Brexit’: The present analysis is among

the first to use a causal identification strategy to investigate the role of turnout, focusing

particularly on the role of the increase in turnout. Various observers see differential mobilisa-

tion as important for explaining Brexit (Clarke et al, 2017). The larger part of the literature

reports associations of high turnout with Leave (Zhang, 2018; Goodwin and Heath, 2016;
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Becker et al, 2017), emphasizing that “Leavers were more motivated to vote than Remain-

ers [as] plausible idea” (Clarke et al (2017), 209). But this finding is not unequivocal, e.g.

Manley et al (2017) report that higher turnout was associated with Remain. A related ar-

gument focuses on the role of changes in turnout. These studies highlight the participation

gap between different socio-economic strata. As a closing of the participation gap would

partly favour Remain (e.g. the old/young divide, see Birch (2016)) but partly also Leave

(e.g. the high/low education divide, see (Evans and Menon, 2017)) these researchers come

to differing conclusions. Note that independent of us and drawing on the same case with

a different identification strategy, Leslie and Arı (2018) show that rainfall was negatively

related to turnout levels and predominantly induced Leave voters to stay home. Hence, they

show as well that the rainfall-induced turnout decline was inconsequential for the overall

Leave decision.

Finally, the paper adds to a recent, growing literature (Arnold and Freier, 2016) that

links weather conditions to electoral participation in many settings. We show that this likely

holds as well for referendums.

2 The Brexit case

Following longstanding internal challenges of EU membership both in the broader public and

the Conservative Party, then Prime Minister David Cameron promised in 2013 a referendum

if he won the next general election. This was held on June 23rd, 2016, on the question

“Should the United Kingdom remain a member of the European Union or leave the European

Union?”. Against expectations of both pollsters1 and betting markets2 51.89% of voters

opted for ‘Leave the EU’. High turnout accompanied the referendum: 72.21% of registered

voters turned out.

Various explanations for the referendum outcome have been proposed: E.g, on the ag-

gregate level, correlations between higher Leave share, lower average education, income and

age (Arnorsson and Zoega, 2018) as well as unemployment (Zhang, 2018) have been noted.

Geography has been found to matter less, once socio-demographic factors are taken into

account (Manley et al, 2017). Additionally, the immigration issue (Goodwin and Milazzo,

2017), national attachment (Clarke et al, 2017), as well as economic factors (manufactur-

ing, inequality) (Becker et al, 2017) have been highlighted. As briefly summarized in the

introduction, turnout levels and differential increase in turnout have been prominently dis-

1According to The Huffington Post, Remain was leading in 73% of its simulations (see http://elections.
huffingtonpost.com/pollster/uk-european-union-referendum).
2They saw an 85% likelihood for Remain just before election day (data compiled by PredictWise, see

http://predictwise.com/politics/uk-politics).
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cussed as well, both as independent and mediating factor for the Brexit vote (see Appendix

Section A.1 for a detailed summary).

3 Data

We draw on 2016 Brexit referendum and 2014 European Parliament election (EE) results in

the UK, obtained from the Electoral Commission for 381 units.3.

Data on rainfall on election day is obtained from the UK Met Office4 and reflects day-

time rainfall (0900 - 2100 hours) in millimetres (mm) for 248 weather stations across the

UK on June 23rd, 2016. Election day rainfall was especially severe in the south and east of

the country, where even some polling stations had to be closed.5 Rainfall mostly affected

regions of the country with an average annual rainfall below the country average.6 Drawing

on shapefiles obtained from the UK Data Service,7 we calculated rainfall per local authority.

For this, we averaged the rainfall of weather stations located within a local authority or, if

an administration had no weather station located in it, within a 20 km radius of its centroid

(see Figure 1).

We additionally gathered economic and socio-demographic information on local admin-

istration level from the UK Office of National Statistics: This is data on ethnic composition

and migration rates8 as well as population size, density, age structure, local economy9 (all

for 2011) and labour market (for 2016)10.

Summary statistics are displayed in Appendix Table A.1.

3Available at http://www.electoralcommission.org.uk/ for unitary authorities (England, Scotland and
Wales), non-metropolitan districts and metropolitan boroughs (England), and Northern Ireland. All of these
are termed “local authority” in the following. Note that we draw on Northern Ireland as a single observation:
It is considered by the UK Electoral Commission as singular counting unit and referendum outcomes are
not available on local goverment level. While data on parliamentary constituency level exists, European
Parliament election results, which are crucial as a baseline estimate of Ukip-support (see section 4), are not
available on this level from neither The Electoral Office of Northern Ireland (EONI) nor other sources the
EONI would be aware of (personal communication with EONI, December 3rd, 2019)
4Through personal communication with the Weather Desk Team of the Met Office, July 6th, 2016.
5See http://www.metoffice.gov.uk/climate/uk/summaries/2016/june.
6Comp. the spatial distribution of annual UK rainfall in the last decade and June 2016 anomaly rainfall

at http://www.metoffice.gov.uk/climate/uk/summaries/anomacts.
7See https://census.edina.ac.uk/bds.html.
8Available from http://www.nomisweb.co.uk/census/2011/.
9I.e. share of employed in high, and respectively low skilled labor.

10Available from http://www.ons.gov.uk/.
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Figure 1: Rainfall in the United Kingdom on election day

Figure depicts the 248 weather stations in the UK (dots) and day-time rainfall (0900-2100h) on June 23rd,
2016 (referendum day). Rainfall in local authorities varies from no rain (white) to slight rain (light green
(0.2 mm)) and heavy rain (dark green (42.2 mm)). Black outline denotes the ‘adjacent sample’ (English
regions with at least one unit experiencing rainfall).

4 Research design

Levels of electoral participation and aggregate vote choice are likely correlated (Hansford

and Gomez, 2010), hence endogeneity has to be addressed. In line with earlier research (see

Arnold and Freier, 2016) we propose to use rainfall as an instrumental variable (IV), affecting

the turnout decision (first stage) but not vote choice. We use this variation to assess the

effect of participation on referendum outcomes (second stage).

Most prior studies using rainfall as IV draw on many election-years over time. Then, rain-

fall is arguably as-if-randomly distributed over space (but see for a recent note of caution

Cooperman (2017)). We, however, exploit an extreme rainfall event that is geographically
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concentrated in specific areas.11 We hence have to preclude that the instrument picks up spa-

tial confounders related to turnout and Brexit preferences. We adopt three complementary

strategies in this regard:

First, we explicitly take geography into account. On the one hand, we include indicator

variables for the four countries of the UK as well as London. On the other hand, for our

preferred estimation models, we restrict the sample to ‘rainy’ regions in England (termed

‘adjacent sample’ in the following).12 As unobserved confounders are geographically clus-

tered (Johnston and Pattie (2006), Chap. 7; Johnston et al (2017); Rodden (2010)), the

potential for biased estimates is lowered with this strategy (Tobler, 1970). In a nutshell, we

restrict the control group for the rainfall treatment to observations in east and south Eng-

land that stem from an area with similar political discourse and similar political structure

(e.g. concerning political representation and Brexit debate13). With Appendix Table A.2

and Appendix Figure A.1 we show that this improves balance in observables, making it likely

that balance in unobservables improves as well (see Appendix Section A.2 for details). We

can see from Appendix Table A.2 that local authorities with rainfall differ on average from

local authorities without rainfall in several respects (share of population over 60, unemploy-

ment share and trend, population density, labor market structure, migrant and ethnic white

share). This was to be expected as the rainfall event predominantly hit the south and east

of England as well as some areas of Scotland and Northern Ireland and it is plausible that

these specific areas are not directly comparable to an average local authority from the rest

of the UK. More importantly for our research design, then, Appendix Table A.2 shows that

differences-in-means between treated and control group in the full sample reduce for many

important covariates (for share of unemployed, trend in unemployment, difference in high

skilled labour, difference in 2014 European Election Ukip share) if we restrict the compar-

ison to the adjacent sample. These changes support the argument that with the adjacent

sample we are increasing the ex-ante comparability of the treated and control group. Note,

however, that some covariate-differences barely change (population density, share in low-

skilled labour, share of migrants, share of ethnic white population) and for one covariate

the difference increases (share of population over 60). To get a better picture of the overall

changes in associations we therefore as well assess how the strength of correlations between

11We observe no rainfall variation in Wales, North East/West England and barely variation in Scotland
(only three of 32 units experience rainfall > 1 mm, none > 2.5 mm).
12Region is the highest tier of administrative subdivision. The approach excludes observations in North

East England, North West England, Scotland, Wales and Northern Ireland.
13The discourse was much different in the countries of the UK. E.g. Arnorsson and Zoega (2018) report that

predictors of the Brexit vote differ between England/Wales and Scotland/Northern Ireland. They propose
that decision making in the latter two countries follows a different rational as voters factor in concerns for
the 1998 peace accord (NI) and independence (Scotland).
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our metric rainfall measure and the covariates changes when restricting the sample. As re-

ported in Appendix Figure A.1 we can again draw two main conclusions: On the one hand,

there are substantial correlations between observable characteristics of local authorities and

rainfall. This suggests an empirical strategy where we control for the said variables. On

the other hand, the statistical strength of these associations shrinks substantially with the

adjacent sample: Then, only two out of twelve variables are significantly correlated with

rainfall, compared to five for the full sample. As well, in a Q-Q plot of empirically ob-

served p-values against a theoretically ideal uniform distribution the maximum distance to

the uniform distribution decreases by 27% for the adjacent sample.

Second, we use a first difference design, invoking only the assumption of unconfounded

counterfactual trends (Lechner, 2011). This assumes that the dependent variable (Ukip/Leave

support) would on average have been on a similar trend between the units of the control

(no rain) and the treatment (rain) group, had the treatment not occurred. We thus assume

that rainfall did not by chance affect regions on different Leave-support trends. While we

cannot test this directly, Appendix Figure A.2 shows that Ukip support changed in parallel

between the 2009 and 2014 European Parliament elections in regions with no, low, medium

or large amounts of rainfall for both the full and the adjacent sample. The strategy im-

plicitely controls for time-constant confounders, i.e unit characteristics that affect voting

behavior similarly in 2014 and 2016. It hence sets weaker assumptions compared to level

regressions that assume as-if-random distribution of rainfall with respect to counterfactual

Leave support. For the differencing we use 2014 European Parliament election turnout and

Ukip vote as baseline. The European elections are particularly suitable for three reasons:

They were concerned with EU membership as central issue (Treib, 2014); they follow a PR

electoral system, giving no incentives for strategic voting on constituency level (Cox, 1997);

reporting of European election results matches referendum counting areas.

This then leads to the following estimation strategy for observations i (Angrist and

Pischke, 2009): Main dependent variable is the first difference in the 2016 Leave share and

the 2014 Ukip share (∆Y ). Main independent variable is the first difference in 2016 and 2014

turnout (∆T ). Substantively, this puts the focus on the research question what the impact

of the differential increase in turnout implies for Leave support. As ∆T is endogenous, we

have to proceed in two steps. First, we instrument ∆T with rainfall on election day in mm,

denoted as R. Hence the first stage of the IV set-up is given by

∆Ti = α1i + β1Ri + Xγ1 + εi. (1)

This allows us to assess the effect of rainfall on turnout (coefficient β1) and to calculate

predicted values of the turnout increase that stem from exogenous variation in rainfall (∆̂Ti).
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These predictions are then plugged into the second stage of the IV regression:

∆Yi = α2i + β2∆̂Ti + Xiγ2 + εi. (2)

Eq. (2) allows us to estimate the effect of the turnout increase on the increase in Leave

support (coefficient β2). Depending on specification, we include a vector X of socio-economic

and political controls to increase the precision of estimates and control for potential con-

founders.14 The control variable vector has to be used similarly for the first stage and is

therefore included in eq. (1). In the results section, we provide estimations for the full sam-

ple (all local authorities from the UK) and the results for the adjacent sample side by side.

While the former allow a broader claim on the relationship between the changes in turnout

and Leave support, the latter are our preferred specification, as assumptions necessary for

causal identification are more likely to hold. As well, we provide additional tests with Leave

share as dependent variable (controlling for the lagged outcome), to guard against potential

model misspecifications.

Table 1 shows first stage results. As expected, we find a negative relation between rainfall

and the first difference in turnout: One millimetre of rainfall is related to a turnout decrease

of around 0.1 percentage points (model 4, adjacent sample, with controls). This implies,

given average election day rainfall of 5.99 mm, an average effect of -0.59 percentage points

(model 4). This is similar in size to what the literature finds (Arnold and Freier, 2016).

Instrument relevance is supported by F-statistics well above 10 (recommended as rule of

thumb (Angrist and Pischke, 2009)).

Finally, Appendix Section A.2 discusses placebo tests that lend credibility to the iden-

tification strategy. Note that it is in principle not testable whether we would really have

observed parallel trends, had there been no rainfall. But, as suggested by Angrist and Pis-

chke (2009), we assess whether referendum day rainfall is related to unaffected outcomes

that are determined by the same structural factors. We report results for changes in pre-

treatment postal voting applications and pre-treatment postal ballot turnout. Regressions

follow the set-up of Table 1. We argue that structural shifts in participation patterns should

extend to postal voters as well, while rainfall could not affect the decision for a postal vote.

Consequently, we find substantially small and insignificant associations to rainfall on election

day for both variables and in both the full and adjacent sample (Appendix Table A.3).

14These are: share of population being ethnic white; migrated from outside the UK; aged 20-30; aged 60+;
unemployed; employed in high skilled labour; in low skilled labour; the change in 2015-2016 unemployment;
population density; population size (logged); share of Ukip support in last European Parliament election
(for non-delta specification of explanatory variable only); regional indicators for Scotland, Wales, Northern
Ireland, England without London (reference category), London.
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Table 1: Effect of election day rainfall (in mm) on turnout

Dep. var.: 2016 referendum - 2014 EE TO
Full sample Adjacent sample

(1) (2) (3) (4)
Average election day rainfall (mm) -0.11∗∗ -0.071∗∗ -0.21∗∗∗ -0.098∗∗∗

(0.047) (0.028) (0.048) (0.026)

Constant 38.2∗∗∗ 24.0∗∗∗ 39.4∗∗∗ 33.2∗∗∗

(0.30) (7.36) (0.33) (6.53)

Region and socio-economic controls No Yes No Yes
N 381 381 275 275
Adj. R2 0.0079 0.69 0.042 0.77
F 5.84 46.7 19.2 53.4

Regression of election day rainfall in mm on difference in 2016 referendum and 2014
European Election (EE) turnout (TO). Robust standard errors in parentheses. Con-
trol variables included (as indicated): share of population being: ethnic whites; im-
migrants (from outside UK); aged 20-30; aged 60+; unemployed; employed in high
skilled labour; employed in low skilled labour; change in 2015-2016 unemployment;
population density; population size (logged); indicators for London, Wales, Scotland,
Northern Ireland. Full sample: all observations from the UK; adjacent sample: English
regions with at least one local authority experiencing rainfall. F-statistic in model 2
from parameter test excluding Northern Ireland indicator. Full models in Appendix
Table A.4. ** (*,***) indicates p < 0.05 (0.1, 0.01)

5 The role of participation for the referendum outcome

Table 2 reports the IV regression for the full (models 1-3) and the adjacent sample (mod-

els 4-6), with the share of Leave (models 2, 4) and the difference in Leave share and 2014

European Election Ukip share (models 1, 3, 4, 6) as dependent variable. As can be seen,

estimated effects are larger in the full sample but also estimated with less precision – they

are however throughout clearly positive and statistically significant at least at the 10%-level,

implying a positive effect of the weather-induced turnout increase on the Leave vote. Turn-

ing to the adjacent sample in models 4 to 6, effects are more precisely estimated. They

range from 0.74 to 0.88 between the models, i.e. with a one percentage point larger turnout

increase, the (change) in Leave support increases by around 0.8 percentage points. Coeffi-

cient estimates are similar in size irrespective of including socio-demographic and geographic

controls (models 2 and 3) or of using a first difference design (models 4 and 6) compared

to a lagged dependent variable set-up (model 5). The effect is estimated with sufficient

precision (significant at least on the 5%-level) in most models. As well, it is comforting that

throughout all models the estimated coefficients are substantively similar and statistically
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Table 2: Instrumental variable regression: Effect of turnout change on Leave vote/change

Full sample Adjacent sample
(1) (2) (3) (4) (5) (6)

Diff. Leave - Leave in Diff. Leave - Diff. Leave - Leave in Diff. Leave -
Ukip share % Ukip share Ukip share % Ukip share

2016 referendum - 2.60∗ 0.66∗∗ 1.63∗ 0.78∗∗ 0.74∗∗∗ 0.88∗∗

2014 EE TO (1.34) (0.29) (0.85) (0.34) (0.28) (0.39)

Constant -74.4 34.4∗∗∗ 8.08 -7.56 18.2 12.1
(50.9) (10.4) (22.7) (13.0) (12.7) (15.3)

Region and socio- No Yes Yes No Yes Yes
economic controls

N 381 381 381 275 275 275

Instrumental variable regression (two-stage least squares) with rainfall (in mm) as instrument for
turnout increase on Leave support (models 2 and 5)/difference in 2016 Leave over 2014 European
Election (EE) Ukip support (models 1, 3, 4, 6). Robust standard errors in parentheses. Control
variables included (as indicated): share of population being: ethnic whites; immigrants (from outside
UK); aged 20-30; aged 60+; unemployed; employed in high skilled labour; employed in low skilled
labour; change in 2015-2016 unemployment; population density; population size (logged); indicators
for London, Wales, Scotland, Northern Ireland. Full sample: all observations from the UK; adjacent
sample: English regions with at least one local authority experiencing rainfall. F-statistic in model
2 from parameter test excluding Northern Ireland indicator. Full models in Appendix Table A.5. **
(*,***) indicates p < 0.05 (0.1, 0.01)

significant. Overall, Table 2 provides a clear picture: The strong turnout increase observed

with the Brexit referendum was related to a strong increase in Leave support.

We now discuss how these results compare to a simple OLS approach ignoring endogene-

ity. Results are presented in Appendix Table A.6. We mirror the model set-up of Table 2,

i.e. we focus on the association between turnout increase and increase in Leave support.

This association is strongly negative in a mere correlation of the two variables. Once control

variables are introduced, it shrinks in size for the full sample and is reduced to zero for the

adjacent sample. This underscores the importance of our approach, taking the endogeneity

between the turnout decision and electoral choice into account. Only then are we able to

ascertain that the turnout increase is indeed positively related to Leave support as reported

by other researchers (see e.g. Zhang (2018)). Note that correlations between turnout levels

and Leave support levels are positive (correlation coefficient of 0.11 for the full, and 0.05 for

the adjacent sample), but this positive association already flips signs when including 2014

Ukip support, i.e. a lagged dependent variable, to the regression.

The substantive relevance of the IV estimates presented in Table 2 can be assessed using

the framework of Fowler (2015) (details in Appendix Section A.4). Based on the turnout
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increase and the increase in Leave support, we can disentangle the preferences of occasional

voters (voting only in good weather) and regular voters (voting also in rain). Importantly,

this only allows us to assess the preferences of occasional voters that actually participated.

The Fowler-approach implies a Leave share of 109.5% [78.2, 188.4] among this occasional

voter population and a preference gap of 56.2 [24.7, 135.2] percentage points between regular

and occasional voters. The point estimate for the share of Leave support in the occasional

voter population exceeds 100%. This hints to the possibility of spill-over effects and/or direct

effects of rainfall on Leave support (comp. Leslie and Arı (2018), who find evidence for such

direct effects). Note that the size of the point estimates has to be interpreted cautiously,

though, due to the wide confidence interval and strong assumptions; nonetheless, results give

numeric support that preferences on EU membership differed strongly between occasional

voters that participated in the referendum and regular voters.

To summarize, the IV estimates consistently indicate that increases in turnout due to

weather conditions are strongly related to increases in Leave support. Results imply that

voters whose participation decision was influenced by rainfall (and which therefore abstained)

were especially likely to support Leave. As it was on average Leave supporters that were

deterred from voting due to bad weather, rainfall played no role for the outcome of the

referendum. However, as those voters that were marginal to slight increases in voting costs

seemed to be strongly leaning towards Leave, this indicates that the strong overall increase

in turnout likely played a decisive role for the success of the Leave campaign.

6 Robustness tests

For completeness, reduced form results are presented in Appendix Table A.7 and show a

consistently negative effect of rainfall on Leave support – as argued above, this is due to the

rainfall-induced decrease in turnout. We conduct several robustness test to further assess

the validity of the IV estimates. Already included in the regressions presented above is the

consistency of findings for the broader sample of the full UK compared to the adjacent sam-

ple with higher internal validity (comp. models 1-3 to 4-6 of Table 2). As well, modeling

choices, in particular the specification of the model with a lagged dependent variable com-

pared to a first differences design does not affect our interpretation (comp. models 5 and 6

of Table 2). Additional robustness tests are presented in Appendix Section A.5. First of all,

for comparison, we as well provide results instrumenting turnout levels. These are reported

in Appendix Table A.8. For instrument relevance coefficients are slightly smaller but oth-

erwise comparable. The IV regressions confirm the positive relationsship between turnout

and Leave support, but the relationship is estimated with adequate precision only in the
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adjacent sample. Second, to probe against functional form misspecifications we calculated

effects with a binary instrument. The binary instrument is operationalized as local author-

ities experiencing above median rainfall. The instrument is relevant and reduces turnout

in all specifications (comp. Appendix Table A.9). IV estimates show a positive, significant

relationsship to Leave support, comparable in size to Table 2 (see Appendix Table A.10).

Finally, expanding the ‘adjacent sample’ to include Northern Ireland and Scotland (where

small amounts of rainfall were observed) allows us to keep more observations. This approach

leads to very similar estimates (see Appendix Table A.11). These specifications are theoret-

ically less preferred, though, given the differing Brexit discourse in these parts of the UK

(Arnorsson and Zoega, 2018).

7 Survey evidence on Brexit preferences in the broader

occasional voter population

Large amounts of occasional voters turned out for the Brexit referendum. As presented

above, we can identify the preferences of those occasional voters that were marginal to

rainfall with the IV estimation. Overall, our results imply that Leave-support was much

stronger in the occasional voter population that participated only in good weather compared

to the regular voting population. However, the broader implications of our finding depend

on the preferences of occasional voters that would not participate even with good weather

in this referendum. The IV results do not allow us to infer something on this population.

We hence turn to survey data to put our results into perspective, and to learn on the likely

structure of Brexit preferences in the overall population of occasional voters.

Two potential structures of participation and preferences are consistent with the IV re-

sults. The first potential structure (denoted as S1) would imply that all occasional voters are

generally leaning towards Leave. Any turnout increase then leads to a closer approximation

of the true preferences of all regular and occasional voters in the UK and is, in the terms of

Lijphart (1997), equality enhancing per se. An alternative potential structure (denoted as

S2) would be that Leave-leaning occasional voters were overproportionally drawn to the polls

relative to Remain-leaning occasional voters. The referendum outcome is then a function of

mobilization and in the terms of Hansford and Gomez (2010) increases in turnout are related

to increases in electoral volatility. This is, because occasional voters hold weak partisan at-

tachements (Hansford and Gomez, 2010) and/or because the election-specific mobilization

potential of certain segments of voters is higher (Biggers, 2011; Campbell and Monson, 2008).

Importantly, the implications of these two potential structures differ – with S1 high turnout
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brings about a closer approximation of referendum outcomes to true preferences, with S2 the

true preference distribution is unknown and the electoral outcome depends on the relative

degree of mobilization of latent Leave vs. Remain supporters.

A theoretical model of voter turnout is helpful to get to an answer on this question. We

draw on the canonical framework of Riker and Ordeshook (1968). The participation decision

of a voter depends on her rewards from voting, R, her benefit from the favoured electoral

outcome (B) weighted with the subjective probability of casting a decisive vote (P ), her

(expressive) utility derived from the act of voting (D) and her voting costs (C). A voter

participates in an election if her reward from voting is positive,

R = PB +D − C > 0. (3)

Rainfall (r) is affecting the voting cost function Ci(r) of voters, where we can expect

∂Ci(r)/∂r > 0 (voting costs increase with rain). We can expect voter i to abstain when

the (expected) utility of voting without rain is smaller than the increase in voting costs due

to rain, thus if

Ri(r = 0) < ∂Ci(r)/∂r. (4)

With survey data, we want to find indications whether all occasional voters are generally

leaning towards Leave (S1) or whether participation intention among occasional voters was

correlated with Leave/Remain preference (S2).

We draw on a rolling cross-sectional survey in the pre-referendum weeks, the British

Election Study.15 We define occasional voters as those respondents who report abstention in

the 2005, 2010 and/or 2015 general election.16

With S1, the IV effects are only consistent with a population of occasional voters that

leans towards Leave on average. We test this potential explanation by comparing the self-

stated Leave support among all occasional voters (irrespective of whether they actually voted

or not) and all regular voters. Based on a Wald test, we find no significant difference between

these populations (see Table 3, column 1). The occasional-voter population even seems to

be leaning slightly towards Remain.

An alternative explanation is provided by S2, which implies that the mobilization of

Leave leaning voters was relatively stronger. The temporal structure of the survey data

15We used the EU Referendum Daily Campaign Data from the British Election Study In-
ternet Panel, which is an online sample of YouGov panel members. The BES surveyed
each day 500-770 respondents from Great Britain beginning 48 days to one day before the
referendum. Data is available online at http://www.britishelectionstudy.com/data-object/

wave-8-of-the-2014-2017-british-election-study-internet-panel-daily-file/.
16The abstention variable is recalled. We assume that recall bias is affecting Leave- and Remain-leaning

respondents similarly.
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Table 3: Survey evidence

Full sample Sample of occasional voters
(1) (2) (3) (4) (5)

Share of Very high interest Very high Very high Very high
Leave support in Referendum turnout intention turnout intention turnout intention

Subgroup 1 Regular Remain Remain Other issue most Other issue most
voters supporters supporters imp. for resp. imp. for resp.

mean 0.507 0.505 0.666 0.688 0.759
(0.00470) (0.0132) (0.0134) (0.0187) (0.0150)

Subgroup 2 Occasional Leave Leave Sov./Imm. most Econ. most
voters supporters supporters imp. for resp. imp. for resp.

mean 0.493 0.541 0.719 0.807 0.652
(0.00918) (0.0129) (0.0126) (0.0190) (0.0320)

N 18750 3834 3390 1373 1373
F-stat. 1.775 3.698 8.395 19.92 9.082
P-value 0.183 0.0545 0.00379 0.00000872 0.00263

Standard errors in parentheses. Columns report group averages for variable indicated in column header by
subgroups as denoted in rows. Column 1 presents average Leave vote intention among regular vs. occasional
voters (excluding undecided voters) and draws on the full sample. Columns 2 to 5 provide evidence on the
subgroup of occasional voters only. Column 2 presents average share of resondents with very high turnout
intention among occasional voters with Leave vs. Remain vote intention. Column 3 mirrors the analysis of
column 2 for very high turnout intention. Column 4 reports the share of respondents with a very high turnout
intention among occasional voters who see sovereignty/immigration vs. another issue as ‘most important’
for their Referendum decision. Column 5 mirros the analysis of column 4 with economiy as ‘most important’
vs. another issue. Column 4 and 5 draw only on voters who gave a reason that could be categorized by the
BES. Bottom two rows show F-statistic and corresponding p-values for a Wald test on difference between
the column averages. BES survey weights for Great Britain used.

allows a test in this regard: The survey was rolled out daily, beginning 48 days prior to

the referendum. We identify voters leaning towards Leave with a self-reported 2015 General

Election vote for Ukip. We then contrast ‘(very) high’ turnout intention for Leave vs.

Remain-leaning respondents over time. Figure 2 reports a margins plot on whether Ukip

supporters were more likely to report a ‘(very) high’ turnout intention with proximity to

election day. An important feature of this comparison is that party- and time-constant

confounders are implicitly controlled for (e.g. overreporting). Time seems to play a role for

the mobilization of (latent) Leave supporters. 48 days before the referendum, there was no

difference between past Ukip and other party supporters in turnout likelihood. Just before

the referendum, however, this was significantly different from zero: Ukip supporters are

predicted to be two percentage points more likely to turn out (note that confidence intervals

15



Figure 2: Difference in predicted probability of turnout between past Ukip and ‘other party’
supporters in the 12 pre-referendum weeks

Average marginal effects from a binary logistic regression of Ukip support at the 2015 general election,
date of response (1-48 days before referendum) and an interaction term on self-reported turnout intention
(‘fairly’/‘very likely’). BES survey weights for Great Britain used. 95% confidence intervals shown. Weighted
N=12,551. Controls for socio-demographics included (comp. Appendix Table A.13, Model 2). Strips indicate
distribution of turnout intention variable (upper strip: ones; lower strip: zeros). Crosses represent ‘other
party’ supporters (N=10,860/N=346), circles Ukip-supporters (N=1,402/N=28).

overlap). These results hold with and without inclusion of a broad set of socio-demographic

control variables (see Appendix Section A.6).

To provide further evidence on S2, we now turn to the left-hand side of eq. (4), and

assess whether elements of the voting reward function are likely correlated with referendum

preferences among occasional voters.

A first step is to correlate self-reported Leave/Remain preferences, turnout intention and

interest in the referendum among occasional voters. Table 3 shows that occasional voters

that identify as Leave-supporters report both higher interest in the referendum (column 2)

and see themselves as more likely to turn out (column 3) (results significant on the 5%-level).

In a second step, we look at electoral benefits more closely. Electoral benefits stem from

either the B- or D-term (see eq. (3)). The higher these perceived benefits, the higher the

participation likelihood of an (occasional) voter. While we cannot directly test for the B-

and D-term, Smith (2001) e.g. argues that higher saliency leads to a higher B-term and sub-

sequently larger electoral participation. As well, understanding the D-term as an expressive

element of voting (Aldrich and Jenke, 2018), a higher issue saliency would lend more weight
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to the D-term and any citizen whose ideal point is close to the policies offered on the ballot

has a larger incentive to participate. From the BES-survey data we can again empirically

differentiate occasional voters by their self-stated turnout intention and the issues they see

as most important. We find that survey respondents that see sovereignty/immigration as

most important to be much more likely to report a very high turnout intention. Conversely,

among occasional voters that see economic aspects of Brexit as most important, turnout

intention is substantially lower (see column 4 and 5 of Table 3). This links to findings of

Clarke et al (2017, 209) who argue that based on the relative saliency of issues “Leavers were

more motivated to vote than Remainers.” Appendix Table A.12 shows that the associations

reported in Table 3 also hold in logistic regressions when controlling for socio-demographic

and political controls.

Overall, the survey evidence presented here supports the view that occasional voters did

not lean towards Leave in general, but rather that occasional voters leaning towards Leave

were more likely to turn out compared to occasional voters leaning towards Remain. This

implies that the mobilization of occasional voters was likely lopsided with respect to Leave

preferences.

8 Conclusion

This paper analyses the role of turnout in the United Kingdom European Union membership

(‘Brexit’) referendum. For this, we draw on an instrumental variables approach where rainfall

affects voting costs and hence the participation decision. We show that rainfall is significantly

and negatively related to turnout, and that voters marginal to rainfall (i.e. voting only in

good weather) were predominantly supporting Leave.

We estimate that an increase in turnout of one percentage points relative to the Euro-

pean Parliament turnout baseline leads to an increase in the Leave vote share of about 0.75

percentage points. Our results imply that occasional voters that participated in the refer-

endum were heavily leaning towards Leave. Survey evidence supports this interpretation

and indicates that among the occasional voter population, mobilization was lopsided and

Leave-leaning citizens were more likely to turn out.

These results might not have been expected given the predominant hypothesis in the

literature that turnout benefits left-wing positions and parties (Tingsten, 1937). As well in

Great Britain, earlier research pointed to an advantage for leftist positions with increasing

turnout (McAllister and Mughan, 1986; Fisher, 2007). The political left in Great Britain

in tendency supported Remain. As it has been argued that partisan orientations are an

important cue for voters in referendums, particularly even in case of diverging partisan
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orientation and issue-specific attitudes (Selb et al, 2009), this would lead to the expectation

that increases in turnout are related to support for Remain as well. That this is not the case

highlights that referendums might follow a distinct logic beyond the traditional relationship

of turnout and partisan support. The focus of the Brexit debate on not only economic

aspects of EU membership but as well cultural factors (Inglehart and Norris, 2018) might

have transcended the traditional left-right-distinction.

In interpreting the results, it is important to note that the IV approach used here assumes

that rainfall had no direct effect on vote choice. Several recent studies raise the concern that

rainfall could have such a direct effect. The literature argues e.g. that rainfall could work via

psychological channels and affect the mood of voters, making them less risk averse.17 Meier

et al (2019) argue that rainfall induces voting for the status quo. Similarly, Bassi (2019)

shows that low-risk candidates receive relatively more votes in bad weather and Horiuchi and

Kang (2018) find that in the US Republicans, as most likely choice of risk-averse voters, see

vote increases during bad weather. For our study, a direct psychological effect would imply

that under good weather conditions (with better mood) voters were more likely to choose

Leave as deviation from the status quo. In our estimations, the wide confidence interval of

the preference gap would e.g. be consistent with this perspective. It is therefore possible

that a direct effect is at work as well. Leslie and Arı (2018) provide explicit evidence in this

regard. Note however that both Leslie and Arı (2018) and Horiuchi and Kang (2018) find

that the main effect of rainfall still works through turnout.

In a broader picture our results emphasise a theoretical perspective where increases in

turnout from a low baseline likely lead to more volatile outcomes (Hansford and Gomez,

2010). Future research could track more closely two specific mechanisms that drive this

volatility. The population of interest would be occasional voters and how heterogeneous

their propensity to turn out for a given elections is. In the Brexit example, negative voting

(Fiorina and Shepsle, 1989) could be one part of the story, if opposition to the issue at stake

(i.e. EU membership) lends itself more easily to mobilisation efforts compared to approval.

Another perspective is given by the theory of expressive voting (Aldrich and Jenke, 2018):

If one camp can more easily draw on an emotionalized debate (e.g. in our case Leave and

sovereignty), the issue at stake lends itself more to a logic of expressive voting for this

camp, which might be particularly relevant to explain heterogeneity in the mobilization of

low-propensity voters.

Overall, the results add to a growing recent literature arguing that turnout is critical

17Note that the psychological literature is mixed in this regard with prominent findings of null, marginal
or contingent effects of weather conditions on mood (Huibers et al, 2010; Keller et al, 2005; Denissen et al,
2008).
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to understand electoral outcomes and policy choice in democracies, and even more so in

single-issue referendums when partisan attachements are weak. While parts of the literature

highlight that increases in turnout lead to policy that is likely in line with median citizen

preferences (e.g. Bechtel et al, 2016), others argue that average information levels and thus

the quality of vote choice might deteriorate with higher turnout of low propensity voters

(Schmid, 2015). Our findings emphasise that mobilisation of low-propensity voters can be

lopsided – but it remains open whether under these conditions the increase in turnout leads

to an alignment of median voter preferences with median citizen preferences or not.
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A Online Appendix for ‘Turning out to turn down

the EU: The mobilisation of occasional voters and

Brexit’

A.1 Literature on the link between turnout and the Brexit deci-
sion

Differential turnout is one major explanation of the Brexit vote. As Evans and Menon
(2017, 33-35) discuss, electoral participation declined in the pre-referendum decades to an
average of 63%. Importantly, they highlight that this decline was uneven across social classes
and education groups, leading to a large participation gap between voters of different socio-
demographic backgrounds. If the increase in turnout with the referendum is similarly unequal
across socio-demographic strata this would imply that on the one hand the participation gap
closed, but on the other hand that the turnout increase was likely consequential for the refer-
endum outcome. Evans and Menon (2017, 80f.) highlight particularly that the gap between
high and low educated voters closed. As class and education are one important predictor of
Leave support, the increase in turnout could be related to Leave support. However, as noted
by others (Manley et al, 2017; Dorling et al, 2016; Birch, 2016), the participation gap is as
well highly prevalent with respect to young vs. old voters as young age predicts Remain
support, they conclude that an increase in turnout should be related to Remain support.
Consequently, empirical findings are mixed. Most published research reports a strong asso-
ciation between turnout and the Leave vote. Prominently, Zhang (2018) shows that turnout
is strongly and positively related to the Leave vote in England and Wales (but not Scotland
and Northern Ireland). He estimates that, had overall turnout increased by 7 percentage
points less in England and Wales, a Remain victory would have been the likely outcome.
Though not explicitely linking turnout to Leave support, Becker et al (2017, 637) analyzes
determinants of referendum turnout and argues that “turnout was lower in those areas with
a higher potential in favour of Remain.18 While criticized on methodical ground (Johnston
et al, 2018), their general picture is supported by post-referendum survey data, where those
leaning towards Remain reported lower turnout (Swales, 2016). Backing these findings and
based on the differential success of the Leave and the Remain campaign as well as the saliency
of issues, Clarke et al (2017, 209) e.g. argue “that Leavers were more motivated to vote than
Remainers [...] is a plausible idea.” However, other researchers (Manley et al, 2017) report
an association between higher turnout and Remain. Their estimates imply that turnout
was negatively related to the Leave vote and corrobate this finding by analyzing voter reg-
istrations – voter registrations increased substantially where Remain performed well in the
referendum. Goodwin and Heath (2016, 326) add a note of caution to the interpretation of
these associations: While “high turnout might have helped the Leave vote, as turnout was
generally higher in more pro-Leave areas [] we should treat these results with caution, as it
does not necessarily follow that it was Leave voters who were disproportionately more likely
to turn out and vote. There could also have been a ‘counter-mobilisation effect’ whereby

18Among others, they note that election day rainfall and subsequent train cancellations led to a decrease in
turnout, although they do not find a direct relation to electoral outcomes.
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Remain supporters were more likely to vote when they were motivated by the awareness that
Leave was popular in their local area.” Finally, the reported associations in turnout levels
and the Leave vote also leave open the question how the increase in turnout observed with
the referendum was related to Leave support. On the one hand, turnout in prior elections
is strongly related to referendum turnout and hence the Leave vote (Goodwin and Heath,
2016). On the other hand, mobilizing factors are unevenly distributed across the UK. E.g.
(Fetzer, 2018; Alabrese and Fetzer, 2018) make the argument that austerity measures are
related to the Brexit vote and that voters affected by austerity measures voiced their protest
via the Leave decision. They relate this to the possibility of differential mobilization in areas
with high and low levels of austerity. Other observers note that the preferences of abstain-
ers and especially the age-turnout gradient likely affected results, with non-voters, especially
young non-voters, likely being pro-remain on average (see e.g., Low (2016); Eichengreen et al
(2018)). All in all, this literature implies that turnout is an important factor in explaining
the Brexit vote and for referendum outcomes more generally. As emphasized by Clarke et al
(2017, 210), simulations based on stated preferences of non-voters in survey data indicate
that the outcome of the referendum could have gone either way with full participation. They
argue that the odds of a Remain victory in one million uneqicoval-turnout-referendums are
close to 2:1. However, in a real-world scenario with turnout below 100% these odds will to
a large extent depend on the degree of voter mobilization and whether voters who latently
support the one or the other referendum camp have differential participation incentives. This
makes it important to better understand the role of turnout for electoral outcomes.

A.2 Summary statistics, balance and placebo tests

This appendix section provides background for the research design as discussed in the re-
search design section in the main text.

First of all, Appendix Table A.1 provides a simple descriptive summary of the dependent,
independent and control variables used in the analyses.

Second, Appendix Table A.2 provides t-tests on the means of co-determinants of turnout
and Leave vote for all local authorities within the control (no rain) and treatment group (rain
> 0 mm). First, one can see from the comparison that treatment and control group differ
with respect to several socio-economic control variables (share of population over 60, un-
employment, population density, labor market structure, migrant share, ethnic white share,
region). This is to be expected as the rainfall event predominantly hit the south and east of
England as well as some areas of Scotland and Northern Ireland and it is plausible that these
specific areas are not directly comparable to an average local authority from the rest of the
UK. Appendix Table A.2 confirms that such correlations exit, which therefore demands a
research design that can take these pre-existing differences in socio-economic covariates into
account. This is why we are 1) explicitly controlling for observables and 2) are drawing on
first differences to implicitly control for level differences. Second, one can see from compar-
ing the differences-in-means in the full (left panel) and adjacent sample (right panel) that
for most of these covariates the difference in group means becomes smaller in the adjacent
sample: Among the significant associations on the left hand, the difference in the share of
unemployed and in the trend in unemployment shrinks to almost zero, the difference in high
skilled labour is reduced (though remains significant), and the difference in 2014 European
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Election Ukip shares halves (and becomes insignificant). All these changes support the ar-
gument that with the adjacent sample we are increasing the ex-ante comparability of the
treated and control group. Note, however, that some covariate-differences barely change (e.g.
population density, which is larger in the treatment group, share in low-skilled labour, which
is larger in the control group, the share in the ethnic white population, which is larger in the
control group and the share in the migrant population, smaller in the control group) and for
one covariate the difference increases (share of population over 60). Still, the overall picture
implies that within the adjacent sample treatment and control group are more comparable
(cf. below and Appendix Figure A.1 for additional evidence on this argument). Given that
differences remain, controlling for these observable differences is an important feature of the
reserach design, as is a strategy relying on first differences to implicitly control for remaining
imbalance between the treatment and control group.

Third, Appendix Figure A.1 supports the assumption that a geographically proximate
sample (the “adjacent sample” ) improves the causal interpretation of the estimated coeffi-
cients. To ascertain that this is a sensible strategy we proceed as follows: We distinguish the
full sample from the adjacent sample. We then regress rainfall on various socio-demographic
controls that are likely related to turnout and Leave share. With a true random event, we
would expect a uniform distribution of p-values – given the geographical clustering of our
case, this is unlikely, of course, but we can still assess whether the adjacent sample likely
improves the inference. Appendix Figure A.1 then reports a Q-Q plot of empirically observed
p-values against this theoretically ideal uniform distribution. It has two main conclusions:
On the one hand, there are substantial correlations between observable local authority char-
acteristics and rainfall. This warrants an empirical strategy where we control for the said
variables. On the other hand, the statistical strength of these correlations shrinks substan-
tially with the adjacent sample: Then, only two variables are statistically related to rainfall
on the 5%-level, four on the 10%-level, compared to five on the 5%- and ten on the 10%-
level for the full sample. As well, the maximum distance to the uniform distribution is still
substantial with 0.45, but decreases by 27% for the adjacent sample.

Fourth, Appendix Figure A.2 depicts the descriptive trend of Ukip/Leave support in local
authorities with/without rainfall over three elections. This is to support the argument that
a differencing strategy is feasible. As can be seen, in the pre-treatment period, i.e. inbetween
the 2009 and 2014 European Elections, the dependent variable (Ukip support) is following a
parallel trend in regions with/without rain. Differences in the trend are discernible for 2016.

Fifth, while it can in principle not be tested whether rainfall is exogenous to turnout in the
case at hand, we can find indications for this in placebo tests: As suggested by Angrist and
Pischke (2009), we conduct a placebo test on whether referendum day rainfall is related to
unaffected outcomes. For this, Appendix Table A.3 reports regressions of election day rainfall
on the difference in pre-treatment postal voting applications and pre-treatment postal ballot
turnout. Regressions follow the set-up of Table 1. The argument is that structural shifts in
participation patterns should extend to postal voters as well, while rainfall could not affect
the postal vote participation decision. The (placebo) association of the trend in both postal
voting registrations (i.e. envelops issued over total electorate) and postal ballot turnout (i.e.
envelopes returned over envelopes issued) is substantially small and insignificantly related
to rainfall on election day.
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Table A.1: Summary statistics for variables used in the analysis

Full sample Adjacent sample
mean min max mean min max

Turnout in % 73.73 56.25 83.57 75.13 59.25 83.57
Turnout for 2014 EE 35.86 23.74 51.94 36.61 23.74 51.77
2016 Referendum TO - 2014 EE TO 37.87 10.75 49.24 38.52 12.83 49.24
Average election day rainfall (mm) 3.13 0.00 42.20 4.29 0.00 42.20
Share of population aged 20-30 12.54 7.62 27.93 12.58 7.62 27.93
Share of population aged 60+ 23.96 8.44 38.05 23.78 8.44 38.05
Share of unemployed 1.58 0.30 4.70 1.31 0.30 4.20
Change in 2016 unemployment share -0.07 -0.70 0.80 -0.09 -0.70 0.30
Population density 14.77 0.10 138.70 17.16 0.30 138.70
Population size (log) 11.82 7.70 14.41 11.79 7.70 13.89
Share of employed in high skilled labor 10.90 6.10 23.30 11.55 6.60 23.30
Share of employed in low skilled labor 11.08 3.60 21.10 10.82 3.60 21.10
Share of migrants from outside UK 0.97 0.18 6.45 1.08 0.22 6.45
Share of ethnic group white 90.33 28.82 99.26 88.57 28.82 98.82
Country/region==England 0.77 0.00 1.00 0.88 0.00 1.00
Country/region==Wales 0.06 0.00 1.00 0.00 0.00 0.00
Country/region==Scotland 0.08 0.00 1.00 0.00 0.00 0.00
Country/region==London 0.09 0.00 1.00 0.12 0.00 1.00
Country/region==Northern Ireland 0.00 0.00 1.00 0.00 0.00 0.00
Ukip share in EE 29.10 3.93 51.58 31.43 4.90 51.58
Leave in % 53.12 21.38 75.56 54.08 21.38 75.56
Diff in 2016 Leave - 2014 Ukip share 24.01 10.95 40.32 22.66 10.95 38.82

Observations 381 275

Table displays summary statistics for all dependent, independent and control variables
used in the analyses. The ‘mean’ of indicators variables for country/region denotes the
share of local authorities from said country/region. Full sample: all observations from
the UK; adjacent sample: English regions with at least one local authority experiencing
rainfall.
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Table A.2: T-test of mean difference for control variables used in the analysis between local
authorities experiencing and not experiencing any rainfall on referendum day and for the
full (left panel) and the adjacent sample (right panel)

Full sample Adjacent sample
Control: Treated: Diff-In- Control: Treated: Diff-In-
No rain Rain>0mm Means No rain Rain > 0mm Means

Group mean Group mean (se) Group mean Group mean (se)
Share of population aged 20-30 12.32 12.72 -0.40 12.08 12.78 -0.70

(0.37) (0.51)

Share of population aged 60+ 24.92 23.17 1.75∗∗∗ 25.56 23.07 2.49∗∗∗

(0.51) (0.72)

Share of unemployed 1.86 1.34 0.52∗∗∗ 1.30 1.31 -0.01
(0.09) (0.09)

Change in 2016 unemployment share -0.04 -0.09 0.05∗∗∗ -0.10 -0.08 -0.02
(0.02) (0.02)

Population density 9.52 19.09 -9.57∗∗∗ 9.82 20.07 -10.24∗∗∗

(2.26) (3.33)

Population size (log) 11.82 11.82 -0.00 11.76 11.81 -0.05
(0.06) (0.08)

Share of employed in high skilled labor 9.96 11.67 -1.71∗∗∗ 10.81 11.85 -1.04∗∗∗

(0.24) (0.32)

Share of employed in low skilled labor 11.81 10.47 1.34∗∗∗ 11.87 10.41 1.46∗∗∗

(0.24) (0.35)

Share of migrants from outside UK 0.71 1.18 -0.47∗∗∗ 0.77 1.20 -0.44∗∗∗

(0.09) (0.12)

Share of ethnic group white 93.93 87.36 6.57∗∗∗ 93.23 86.73 6.50∗∗∗

(1.22) (1.77)

Country/region==England 0.75 0.78 -0.03 1.00 0.83 0.17∗∗∗

(0.04) (0.04)

Country/region==Wales 0.13 0.00 0.13∗∗∗ 0.00 0.00 0.00
(0.02) (0.00)

Country/region==Scotland 0.12 0.05 0.07∗∗ 0.00 0.00 0.00
(0.03) (0.00)

Country/region==London 0.00 0.16 -0.16∗∗∗ 0.00 0.17 -0.17∗∗∗

(0.03) (0.04)

Country/region==Northern Ireland 0.00 0.00 -0.00 0.00 0.00 0.00
(0.01) (0.00)

Ukip share in EE 28.07 29.95 -1.88∗ 32.09 31.16 0.92
(0.97) (1.14)

N Control group 172 78
N Treatment group 209 197
Total Observations 381 275

Table displays means for control and treatment group local authorities and the corresponding t-test on a difference
in means for all control variables used in the analyses. The left panel displays t-tests for the full sample of local
authorities in the UK, the right panel for local authorities from regions with variation in rainfall.
** (*,***) indicates p < 0.05 (0.1, 0.01)
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Figure A.1: Associations of average rainfall with covariates in full and in adjacent sample

The figure displays a Q-Q-plot of observed p-values against a uniform distribution. P-values are derived
from regressions of average rainfall on the marker label (controlling for all other variables displayed in the
marker labels). The upper panel displays the distribution of p-values for the full sample of local authorities
in the UK, the lower panel for local authorities from regions with variation in rainfall.
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Figure A.2: Descriptive trends of Ukip support (2009 and 2014 European Elections) and
Leave support (2016 referendum) by local authorities (not) experiencing rainfall

The figure displays average Leave/Ukip support in the 2009 and 2014 European Parlaiment Elections and
the 2016 Brexit Referendum in local authorities of the UK by rainfall exposure. Upper panel splits rainfall
by no and positive rainfall. Lower panel splits rainfall by no rainfall and terciles among local authorities with
positive rain (in millimetres on election day). The left panel displays the distribution for the full sample
of local authorities, the right panel for local authorities from regions with variation in rainfall. Total N
equals 364, which is slightly lower than the 381 observations in the treatment period (4 local authorities
from England and 13 local authorities from Wales could not be matched due to local authority mergers and
splits).
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Table A.3: Placebo regressions on trend in postal ballot registration and turnout

Full sample Adjacent sample Full sample Adjacent sample
(1) (2) (3) (4) (5) (6) (7) (8)

DV: 2016-2014 diff. in DV: 2016-2014 diff. in
share of postal ballot papers issued postal voting turnout

Average election day 0.017 0.0031 0.012 0.0022 -0.021 -0.010 -0.068∗ -0.025
rainfall (mm) (0.014) (0.010) (0.010) (0.0090) (0.037) (0.028) (0.035) (0.026)

Wales 0.21 1.92∗∗

(0.26) (0.77)

Scotland 1.28 -3.96∗∗∗

(0.83) (0.96)

London -0.21 -0.29 1.09 0.84
(0.37) (0.28) (0.99) (0.96)

Northern Ireland -1.67∗∗ -16.9∗∗∗

(0.75) (1.44)

Share of population 0.15 0.058 -0.26∗ -0.17
aged 20-30 (0.090) (0.062) (0.15) (0.15)

Share of population 0.069∗∗ 0.012 -0.28∗∗∗ -0.26∗∗∗

aged 60+ (0.031) (0.021) (0.070) (0.075)

Share of unemployed -0.47∗∗∗ -0.17 -0.17 -0.58
(0.16) (0.11) (0.36) (0.51)

Change in 2016 0.75 0.37 1.74 0.90
unemployment share (0.60) (0.39) (1.13) (1.46)

Population density -0.0086 -0.0087 -0.041∗∗ -0.042∗∗

(0.0076) (0.0064) (0.019) (0.019)

Population size (log) 0.24 0.16 0.59∗ 0.36
(0.22) (0.14) (0.35) (0.36)

Share of employed 0.11 0.046 0.50∗∗∗ 0.53∗∗∗

in high skilled labor (0.085) (0.068) (0.15) (0.15)

Share of employed -0.049 -0.12∗∗∗ 0.086 0.095
in low skilled labor (0.063) (0.041) (0.14) (0.18)

Share of migrants 0.13 0.30 0.061 -0.23
from outside UK (0.25) (0.22) (0.50) (0.48)

Share of ethnic group -0.0032 0.0090 0.13∗∗∗ 0.11∗∗∗

white (0.012) (0.011) (0.037) (0.039)

Constant 2.88∗∗∗ -3.10 2.93∗∗∗ 0.17 18.8∗∗∗ 4.87 19.5∗∗∗ 8.26
(0.12) (4.31) (0.074) (2.48) (0.25) (6.95) (0.28) (7.11)

N 381 381 275 275 381 381 275 275
Adj. R2 -0.00044 0.14 0.00011 0.26 -0.0021 0.34 0.0040 0.35
F 1.51 8.86 1.27 9.89 0.32 9.96 3.77 10.1

Table reports tests for the (placebo) effect of election day rainfall on the share of postal ballots issued and
the share of postal ballot turnout.
** (*,***) indicates p < 0.05 (0.1, 0.01)
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A.3 Full model display of tables in main text and OLS regressions
of the turnout effect

In the following we present two tables that display all coefficient for Tables 1 and 2 in
the main text, where coefficient estimates for control variables were omitted for the sake
of brevity (Appendix Tables A.4 and A.5). Subsequently, we present the OLS regressions
referenced in the results section of the main text. Finally, we present the reduced form
estimates (Appendix Table A.7) for completeness.
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Table A.4: Effect of election day rainfall (in mm) on turnout – full results of Table 1

Dep. var.: 2016 Referendum - 2014 EE turnout
Full sample Adjacent sample

(1) (2) (3) (4) (5) (6)
Average election day rainfall (mm) -0.11∗∗ -0.071∗∗ -0.14∗∗∗ -0.21∗∗∗ -0.098∗∗∗ -0.14∗∗∗

(0.047) (0.028) (0.030) (0.048) (0.026) (0.028)

Wales 1.08∗ 2.22∗∗∗

(0.65) (0.60)

Scotland -4.08∗∗∗ 0.46
(1.10) (1.40)

London -2.44∗∗ -1.87∗∗ -2.82∗∗∗ -2.57∗∗∗

(0.99) (0.94) (0.97) (0.93)

Northern Ireland -25.6∗∗∗ -19.6∗∗∗

(1.25) (1.58)

Share of population aged 20-30 -0.30∗∗ -0.15 -0.29∗∗ -0.15
(0.13) (0.14) (0.14) (0.15)

Share of population aged 60+ -0.23∗∗∗ -0.24∗∗∗ -0.24∗∗∗ -0.24∗∗∗

(0.055) (0.053) (0.054) (0.052)

Share of unemployed -1.45∗∗∗ -1.52∗∗∗ -1.02∗∗∗ -1.35∗∗∗

(0.30) (0.29) (0.34) (0.36)

Change in 2016 unemployment share 0.71 0.67 0.50 0.045
(1.06) (1.01) (1.14) (1.14)

Population density -0.021 -0.017 -0.020 -0.017
(0.015) (0.016) (0.015) (0.015)

Population size (log) -0.029 -0.038 -0.45 -0.39
(0.34) (0.34) (0.29) (0.28)

Share of employed in high skilled labor 0.58∗∗∗ 0.65∗∗∗ 0.48∗∗∗ 0.60∗∗∗

(0.13) (0.13) (0.13) (0.13)

Share of employed in low skilled labor 0.31∗∗∗ 0.19 0.19∗ 0.13
(0.12) (0.11) (0.11) (0.11)

Share of migrants from outside UK -0.23 -0.20 -0.56 -0.57
(0.43) (0.42) (0.41) (0.37)

Share of ethnic group white 0.19∗∗∗ 0.15∗∗∗ 0.18∗∗∗ 0.14∗∗∗

(0.031) (0.031) (0.031) (0.033)

Ukip share in EE 0.19∗∗∗ 0.15∗∗∗

(0.033) (0.036)

Constant 38.2∗∗∗ 24.0∗∗∗ 21.0∗∗∗ 39.4∗∗∗ 33.2∗∗∗ 29.4∗∗∗

(0.30) (7.36) (7.10) (0.33) (6.53) (6.28)
N 381 381 381 275 275 275
r2 a 0.0079 0.69 0.71 0.042 0.77 0.79
F 5.84 46.7 44.8 19.2 53.4 47.8

Table reports estimates of rainfall (in mm) on difference in 2016 referendum to 2014 European Election
turnout. Robust standard errors in parantheses. Models 1, 2 and 4, 5 display the models 1, 2 and 3,
4 of Table 1 in full. Models 3 and 6 include 2014 European Election Ukip vote as additional variable
to provide the correct first stage (i.e. identical variable set) for model 2 and 4 of Table A.10 as used in
Appendix Section A.4. Otherwise see notes to Table 1. ** (*,***) indicates p < 0.05 (0.1, 0.01)
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Table A.5: Instrumental variable regression: Effect of turnout change on Leave vote/change
– full results of Table 2

Full sample Adjacent sample
(1) (2) (3) (4) (5) (6)

Diff. Leave - Leave in Diff. Leave - Diff. Leave - Leave in Diff. Leave -
Ukip share % Ukip share Ukip share % Ukip share

2016 Referendum TO - 2.60∗ 0.66∗∗ 1.63∗ 0.78∗∗ 0.74∗∗∗ 0.88∗∗

2014 EE TO (1.34) (0.29) (0.85) (0.34) (0.28) (0.39)

Wales -2.80∗∗ -2.61
(1.14) (1.89)

Scotland 0.018 8.86∗∗

(1.74) (3.92)

London 3.94∗∗∗ 6.91∗∗ 4.00∗∗∗ 4.50∗∗

(1.35) (2.86) (1.46) (1.78)

Northern Ireland 27.4∗∗∗ 58.5∗∗∗

(6.81) (22.1)

Share of population aged 20-30 -0.55∗∗ -0.11 -0.34 -0.25
(0.26) (0.40) (0.25) (0.27)

Share of population aged 60+ 0.011 0.23 0.039 0.071
(0.11) (0.23) (0.11) (0.12)

Share of unemployed 2.08∗∗∗ 3.41∗∗ 1.31∗∗ 1.33∗∗

(0.59) (1.34) (0.60) (0.65)

Change in 2016 unemployment share 1.17 0.45 -4.36∗∗∗ -4.60∗∗∗

(1.27) (2.19) (1.54) (1.65)

Population density -0.012 0.012 -0.00088 0.0033
(0.029) (0.042) (0.027) (0.028)

Population size (log) -0.56 -0.54 -0.13 -0.045
(0.46) (0.70) (0.50) (0.52)

Share of employed in high skilled labor -1.06∗∗∗ -1.53∗∗ -0.81∗∗∗ -0.83∗∗∗

(0.30) (0.61) (0.28) (0.31)

Share of employed in low skilled labor 0.86∗∗∗ 0.43 0.86∗∗∗ 0.81∗∗∗

(0.20) (0.40) (0.19) (0.21)

Share of migrants from outside UK -0.47 -0.23 -0.28 -0.21
(0.82) (1.09) (0.73) (0.76)

Share of ethnic group white -0.19∗∗∗ -0.42∗∗ -0.22∗∗∗ -0.26∗∗∗

(0.066) (0.18) (0.063) (0.080)

Ukip share in EE 0.79∗∗∗ 0.94∗∗∗

(0.056) (0.055)

Constant -74.4 34.4∗∗∗ 8.08 -7.56 18.2 12.1
(50.9) (10.4) (22.7) (13.0) (12.7) (15.3)

N 381 381 381 275 275 275

See notes to Table 2. ** (*,***) indicates p < 0.05 (0.1, 0.01)
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Table A.6: Non-instrumented association between turnout increase and Leave as in Table 2.

Full sample Adjacent sample
(1) (2) (3) (4) (5) (6)

Diff. Leave - Leave in Diff. Leave - Diff. Leave - Leave in Diff. Leave -
Ukip share % Ukip share Ukip share % Ukip share

2016 Referendum TO - 2014 EE TO -0.28∗∗∗ -0.098 -0.13∗∗ -0.17∗∗ -0.0077 0.00075
(0.058) (0.065) (0.062) (0.074) (0.078) (0.073)

Wales -1.02 -0.33
(0.77) (0.74)

Scotland -0.014 2.13∗∗

(1.28) (1.03)

London 2.28∗∗ 2.41∗∗ 1.88∗ 1.87∗

(1.00) (0.97) (0.98) (0.99)

Northern Ireland 11.2∗∗∗ 13.0∗∗∗

(1.99) (1.98)

Share of population aged 20-30 -0.67∗∗∗ -0.61∗∗∗ -0.46∗∗ -0.48∗∗

(0.20) (0.19) (0.19) (0.19)

Share of population aged 60+ -0.18∗∗ -0.19∗∗∗ -0.15∗∗ -0.14∗∗

(0.069) (0.069) (0.064) (0.064)

Share of unemployed 1.02∗∗∗ 0.96∗∗∗ 0.37 0.43
(0.32) (0.33) (0.47) (0.45)

Change in 2016 unemployment share 1.96∗ 2.06∗ -4.04∗∗∗ -3.98∗∗∗

(1.05) (1.06) (1.34) (1.33)

Population density -0.027 -0.027 -0.015 -0.015
(0.023) (0.022) (0.022) (0.022)

Population size (log) -0.51 -0.48 -0.32 -0.33
(0.38) (0.38) (0.43) (0.43)

Share of employed in high skilled labor -0.53∗∗∗ -0.46∗∗ -0.32 -0.34∗

(0.20) (0.19) (0.21) (0.20)

Share of employed in low skilled labor 1.06∗∗∗ 1.02∗∗∗ 1.02∗∗∗ 1.02∗∗∗

(0.15) (0.15) (0.15) (0.15)

Share of migrants from outside UK -0.75 -0.80 -0.84 -0.82
(0.66) (0.64) (0.62) (0.63)

Share of ethnic group white -0.066∗∗ -0.079∗∗ -0.11∗∗∗ -0.11∗∗∗

(0.033) (0.033) (0.033) (0.032)

Ukip share in EE 0.91∗∗∗ 1.02∗∗∗

(0.039) (0.045)

Constant 34.8∗∗∗ 48.5∗∗∗ 47.1∗∗∗ 29.2∗∗∗ 37.6∗∗∗ 38.2∗∗∗

(2.29) (6.84) (6.83) (2.93) (7.51) (7.40)
N 381 381 381 275 275 275

OLS regression with robust standard errors in parentheses, i.e. difference in 2016 referendum turnout and 2014 European election
turnout is main independent variable. Otherwise see notes to Table 2.
** (*,***) indicates p < 0.05 (0.1, 0.01)
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Table A.7: Reduced form estimates of the direct effect of election day rainfall on Leave
support

Full sample Adjacent sample
(1) (2) (3) (4) (5) (6)

Diff. Leave - Leave in Diff. Leave - Diff. Leave - Leave in Diff. Leave -
Ukip share % Ukip share Ukip share % Ukip share

Average election day rainfall (mm) -0.29∗∗∗ -0.089∗∗∗ -0.12∗∗∗ -0.16∗∗∗ -0.10∗∗∗ -0.087∗∗∗

(0.072) (0.031) (0.029) (0.062) (0.030) (0.026)

Wales -1.33∗ -0.85
(0.77) (0.77)

Scotland 0.32 2.22∗∗

(1.33) (0.96)

London 2.71∗∗∗ 2.94∗∗∗ 2.10∗∗ 2.01∗∗

(1.00) (0.97) (0.94) (0.97)

Northern Ireland 14.3∗∗∗ 16.8∗∗∗

(1.71) (1.30)

Share of population aged 20-30 -0.65∗∗∗ -0.59∗∗∗ -0.45∗∗ -0.50∗∗

(0.20) (0.19) (0.19) (0.20)

Share of population aged 60+ -0.15∗∗ -0.15∗∗ -0.14∗∗ -0.14∗∗

(0.066) (0.066) (0.061) (0.062)

Share of unemployed 1.08∗∗∗ 1.05∗∗∗ 0.31 0.43
(0.32) (0.32) (0.46) (0.44)

Change in 2016 unemployment share 1.61 1.60 -4.33∗∗∗ -4.16∗∗∗

(1.04) (1.05) (1.33) (1.31)

Population density -0.024 -0.022 -0.013 -0.015
(0.023) (0.022) (0.021) (0.022)

Population size (log) -0.58 -0.59 -0.42 -0.45
(0.39) (0.39) (0.43) (0.43)

Share of employed in high skilled labor -0.63∗∗∗ -0.60∗∗∗ -0.36∗ -0.41∗∗

(0.20) (0.19) (0.20) (0.20)

Share of employed in low skilled labor 0.99∗∗∗ 0.93∗∗∗ 0.95∗∗∗ 0.97∗∗∗

(0.15) (0.15) (0.15) (0.15)

Share of migrants from outside UK -0.61 -0.60 -0.70 -0.70
(0.68) (0.65) (0.61) (0.63)

Share of ethnic group white -0.088∗∗∗ -0.11∗∗∗ -0.12∗∗∗ -0.11∗∗∗

(0.032) (0.032) (0.034) (0.032)

Ukip share in EE 0.92∗∗∗ 1.05∗∗∗

(0.040) (0.045)

Constant 24.9∗∗∗ 48.3∗∗∗ 47.1∗∗∗ 23.4∗∗∗ 40.0∗∗∗ 41.3∗∗∗

(0.33) (6.75) (6.75) (0.38) (7.20) (7.02)
N 381 381 381 275 275 275

Table reports estimates of rainfall (in mm) on Leave support (for specification dependent variable see model header). Robust
standard errors in parantheses. Otherwise see notes to Table 1.
** (*,***) indicates p < 0.05 (0.1, 0.01)
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A.4 Preference Gap Calculation

The substantive relevance of the estimates can be assessed using the framework and termi-
nology proposed by Fowler (2015). Taking our results literally, it is possible to disentangle
vote preferences for regular and among occasional voters. With rainfall, only regular voters
turn out to vote – they vote irrespective of weather conditions. We call the share of regular
voters SR. With good weather, also occasional voters are drawn to the polls – they only
vote in good weather. We call the share of occasional voters SO. They are identified by the
effect of rainfall on electoral participation. Ultimately, we are interested in the preference
gap (PR − PO) between these occasional voters (PO) compared to the regular (PR) voters.
As shown by Fowler (2015), this can be derived from the (reduced form) treatment effect on
vote shares (which we call ∆P ) and the quantities above.

To estimate ∆P and PR we draw on model 5 of Table 2, i.e. on the effect of rainfall on
the Leave vote in the adjacent sample. To estimate SO and SR we draw on the corresponding
specification of the first stage as presented in model 6 of Table A.4. We additionally compute
95% confidence intervals from bootstrapped standard errors.

Model 6 of Table A.4 allows us to predict average turnout in rainfall areas to 75.05 [74.37;
75.75]. This is SR, the share of regular voters. As well, the coefficient of the turnout increase
of 0.14 allows us, taken together with average rainfall of 5.99 mm, to estimate the share of
occasional voters to 0.81 [.45; 1.14].

The same exercise is applied to the reduced form equation to predict average leave support
in rainfall areas to 53.32 [51.73; 54.84] percent, i.e. PR, and the effect of rainfall (∆V ) to
0.57 [0.29; 1.01].

The preference gap is then given by PM −PR = ∆P (1 + SR/SM) (see Fowler, 2015). We
estimate the preference gap to 56.17 [24.68, 135.19] percentage points and the share of Leave
voters among the occasional voter population to 109.49 [78.23, 188.39].

Note that the point estimate and upper bound of the confidence interval for the share of
Leave support in the occasinal voter population exceed 100%. This hints to the possibility
of spill-over effects and/or direct effects of rainfall on Leave support.

Importantly, though, the large preference gap and the high amount of estimated Leave
support among the occasional voter population imply that Brexit support among the oc-
casional voter population is very heavily leaning towards Leave, the lower bound of the
confidence interval beginning at 78.23 percent.

Note that these calculations invoke very strong assumptions19. We should therefore
not directly interpret the absolute size of the preference-gap; nonetheless, it gives numeric
support that an average (weather induced) occasional voter and an average regular voter
differ very much with respect to their preferences on EU membership in the case at hand
and that occasional voter population consisted overproportionally of Leave supporters.

Note as well that this does not imply that only mobilization mattered and persuasion
was irrelevant. The point estimates in model 5 of Table 2 suggest that a one percentage

19These estimates apply only to an average English districts/boroughs in the sample at hand. Additional
assumptions are invoked on the functional form of the predictions of turnout and vote shares, concerning
the instrument, and (not) weighting the observations by varying population size; it is as well left aside that
the referendum likely brought other occasional voters to the polls, as predicted turnout under rainfall is still
higher than average general election turnout. Additionally, the uncertainty involved is large.
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point increase in turnout led to around a 0.74 percentage point increase in the share of
the Leave campaign. For the adjacent sample, turnout increased overall by around 38.5
percentage points from 36.6% to 75.1%; EU opposition increased by 22.7 percentage points
from a Ukip share of 31.4% to a Leave share of 54.1%. Assume for a moment that persuasion
did not occur, i.e. that all Ukip supporters remained in the Leave camp and vice versa. If
we then assume a constant effects framework, the average increase in turnout of around
38.1 percentage points should have led to an increase in the Leave vote slightly below 30
percentage points (e.g. 28.2 [7.3, 49.7] percentage points with an ATE of 0.74 as of model
5). As we do not observe this increase, persuasion is likely an important part of the story
as well. (Note the wide confidence intervals. Calculations based on these models therefore
have to be treated with caution.)

A.5 Robustness tests

The following appendix tables provide results of the robustness tests referenced in the ro-
bustness section of the main text.
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Table A.8: Instrument relevance and IV regression with 2016 referendum turnout

Instrument relevance IV regression
Full sample Adjacent sample Full sample Adjacent sample

(1) (2) (3) (4)
Dependent variable Referendum turnout Referendum turnout Diff. 2016 Leave - Diff. 2016 Leave -

in % in % 2014 Ukip share 2014 Ukip share
Average election day rainfall (mm) -0.034∗ -0.046∗∗

(0.019) (0.018)

Referendum turnout in % 6.29 1.44∗

(6.85) (0.78)

Share of population aged 20-30 -0.20∗ -0.28∗∗∗ 0.87 -0.12
(0.12) (0.10) (1.77) (0.35)

Share of population aged 60+ -0.055 -0.11∗∗∗ 0.17 0.060
(0.037) (0.035) (0.42) (0.13)

Share of unemployed -2.51∗∗∗ -1.78∗∗∗ 16.8 2.84∗

(0.21) (0.23) (17.3) (1.51)

Change in 2016 unemployment share 0.81 2.03∗∗∗ -3.53 -6.58∗∗∗

(0.58) (0.73) (7.28) (2.45)

Population density -0.023 -0.027∗∗ 0.13 0.021
(0.014) (0.012) (0.20) (0.038)

Population size (log) -0.069 -0.44∗∗ -0.16 0.18
(0.21) (0.18) (1.48) (0.60)

Share of employed in high skilled labor 0.39∗∗∗ 0.23∗∗ -2.91 -0.82∗∗

(0.093) (0.090) (2.67) (0.34)

Share of employed in low skilled labor -0.14∗ -0.18∗∗ 1.63∗ 1.14∗∗∗

(0.080) (0.078) (0.93) (0.25)

Share of migrants from outside UK -0.28 -0.49∗ 1.21 0.025
(0.40) (0.29) (3.64) (0.97)

Share of ethnic group 0.090∗∗∗ 0.12∗∗∗ -0.73 -0.29∗∗∗

(0.023) (0.023) (0.68) (0.099)

Wales 0.086 0.36
(0.43) (3.08)

Scotland -3.17∗∗∗ 28.9
(0.87) (28.8)

London 0.16 -0.092 2.67 2.84∗

(0.68) (0.68) (4.69) (1.62)

Norther Ireland -9.21∗∗∗ 82.8
(1.15) (70.5)

Turnout for 2014 EE 0.22∗∗∗ 0.29∗∗∗ -1.35 -0.61∗∗

(0.039) (0.040) (1.40) (0.24)

UKIP share in EE 0.045∗ -0.023
(0.023) (0.027)

Constant 63.3∗∗∗ 69.2∗∗∗ -357.1 -47.6
(5.11) (5.26) (443.0) (53.6)

N 381 275 381 275

Left panel displays results of a regression (robust standard errors in parantheses) of average rainfall on election day on
referendum turnout. Right panel displays results of an IV regression using rainfall as instrument for referendum day turnout.
Dependent variables are denoted in model header. Models 1 and 3 draw on the full sample (380 local authorities in the
United Kingdom). Models 2 and 4 draws on a restricted sample of observations (all local authorities from English regions
that experience variation in rainfall).
** (*,***) indicates p < 0.05 (0.1, 0.01) p < 0.01
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Table A.9: Instrument relevance with binary rainfall indicator (above median rainfall): Effect
of rainfall on turnout increase

Dep. var.: 2016 Referendum - 2014 EE TO
Full sample Adjacent sample
(1) (2) (3) (4)

Above median rainfall -2.09∗∗∗ -0.90∗∗ -3.43∗∗∗ -1.19∗∗∗

(0.73) (0.35) (0.73) (0.34)

Wales 1.17∗

(0.65)

Scotland -4.05∗∗∗

(1.10)

London -2.52∗∗ -2.98∗∗∗

(0.98) (0.95)

Northern Ireland -25.8∗∗∗

(1.23)

Share of population aged 20-30 -0.33∗∗ -0.33∗∗

(0.13) (0.13)

Share of population aged 60+ -0.24∗∗∗ -0.25∗∗∗

(0.055) (0.054)

Share of unemployed -1.43∗∗∗ -1.00∗∗∗

(0.30) (0.34)

Change in 2016 unemployment share 0.76 0.63
(1.06) (1.15)

Population density -0.019 -0.017
(0.015) (0.015)

Population size (log) -0.040 -0.47
(0.35) (0.29)

Share of employed in high skilled labor 0.58∗∗∗ 0.50∗∗∗

(0.13) (0.12)

Share of employed in low skilled labor 0.30∗∗∗ 0.18
(0.12) (0.11)

Share of migrants from outside UK -0.17 -0.49
(0.42) (0.39)

Share of ethnic group 0.19∗∗∗ 0.17∗∗∗

(0.031) (0.030)

Constant 38.4∗∗∗ 25.1∗∗∗ 39.8∗∗∗ 34.8∗∗∗

(0.29) (7.42) (0.29) (6.44)
N 381 381 275 275
r2 a 0.025 0.69 0.093 0.77
F 8.13 45.5 21.9 53.0

Rainfall exposure operationalized as binary indicator (above median rainfall). Overwise
see notes to Table 1.
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Table A.10: Instrumental variable regression of difference in EE to Referendum turnout on
Leave share/increase in Leave vote with binary instrument (above median rainfall)

Full sample Adjacent sample
(1) (2) (3) (4) (5) (6)

Diff. Leave - Leave in Diff. Leave - Diff. Leave - Leave in Diff. Leave -
Ukip share % Ukip share Ukip share % Ukip share

2016 Referendum TO - 2014 EE TO 1.78∗∗ 0.71∗∗ 1.41∗ 0.64∗∗ 0.71∗∗ 0.81∗∗

(0.78) (0.36) (0.73) (0.26) (0.31) (0.38)

Wales -2.90∗∗ -2.33
(1.26) (1.71)

Scotland 0.020 8.03∗∗

(1.78) (3.48)

London 4.04∗∗∗ 6.36∗∗ 3.91∗∗∗ 4.27∗∗

(1.45) (2.51) (1.51) (1.75)

Northern Ireland 28.3∗∗∗ 52.9∗∗∗

(8.13) (19.1)

Share of population aged 20-30 -0.54∗∗ -0.17 -0.35 -0.27
(0.26) (0.37) (0.25) (0.27)

Share of population aged 60+ 0.022 0.17 0.031 0.052
(0.12) (0.21) (0.11) (0.13)

Share of unemployed 2.15∗∗∗ 3.11∗∗∗ 1.27∗∗ 1.25∗

(0.67) (1.19) (0.63) (0.65)

Change in 2016 unemployment share 1.12 0.65 -4.35∗∗∗ -4.55∗∗∗

(1.32) (2.00) (1.53) (1.61)

Population density -0.011 0.0070 -0.0015 0.0016
(0.030) (0.039) (0.027) (0.028)

Population size (log) -0.56 -0.53 -0.14 -0.070
(0.47) (0.64) (0.50) (0.51)

Share of employed in high skilled labor -1.09∗∗∗ -1.40∗∗∗ -0.79∗∗∗ -0.79∗∗∗

(0.33) (0.52) (0.28) (0.29)

Share of employed in low skilled labor 0.85∗∗∗ 0.50 0.86∗∗∗ 0.83∗∗∗

(0.21) (0.36) (0.19) (0.20)

Share of migrants from outside UK -0.46 -0.30 -0.30 -0.26
(0.83) (0.99) (0.71) (0.72)

Share of ethnic group -0.20∗∗∗ -0.38∗∗ -0.22∗∗∗ -0.25∗∗∗

(0.073) (0.16) (0.063) (0.077)

Ukip share in EE 0.79∗∗∗ 0.95∗∗∗

(0.065) (0.057)

Constant -43.5 33.6∗∗∗ 12.9 -1.92 19.1 14.3
(29.8) (11.4) (20.5) (10.2) (13.5) (15.8)

N 381 381 381 275 275 275

Instrumental variable approach based on binary instrument (above median rainfall). Otherwise see notes to Table 2.
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Table A.11: Instrument relevance and IV regression with adjacent sample expanded to in-
clude Scotland and Northern Ireland

Instrument relevance IV regressions
(1) (2) (3) (4) (5)

2016 Referendum TO - 2016 Referendum TO - Diff in 2016 Leave - Leave in % Diff in 2016 Leave -
2014 EE TO 2014 EE TO 2014 Ukip share 2014 Ukip share

Average election day rainfall (mm) -0.14∗∗∗ -0.096∗∗∗

(0.048) (0.026)

2016 Referendum TO - 2014 EE TO 1.60∗∗ 0.56∗∗ 0.80∗∗

(0.77) (0.25) (0.37)

Scotland -4.43∗∗∗ 3.63 7.22∗∗∗

(1.20) (2.26) (2.15)

London -2.95∗∗∗ 4.02∗∗∗ 4.94∗∗∗

(1.00) (1.31) (1.73)

Northern Ireland -25.0∗∗∗ 27.7∗∗∗ 37.0∗∗∗

(1.46) (6.29) (9.50)

Share of population aged 20-30 -0.24∗ -0.52∗∗ -0.39
(0.14) (0.24) (0.25)

Share of population aged 60+ -0.20∗∗∗ -0.044 -0.0018
(0.059) (0.094) (0.11)

Share of unemployed -1.25∗∗∗ 1.24∗∗ 1.37∗∗

(0.35) (0.56) (0.66)

Change in 2016 unemployment share 1.85 -1.31 -2.00
(1.19) (1.59) (1.79)

Population density -0.024 -0.0014 0.0068
(0.015) (0.026) (0.029)

Population size (log) -0.19 -0.12 -0.089
(0.36) (0.45) (0.50)

Share of employed in high skilled labor 0.55∗∗∗ -0.81∗∗∗ -0.88∗∗∗

(0.13) (0.27) (0.32)

Share of employed in low skilled labor 0.23∗ 1.00∗∗∗ 0.91∗∗∗

(0.12) (0.19) (0.22)

Share of migrants from outside UK -0.48 -0.27 -0.17
(0.43) (0.72) (0.76)

Share of ethnic group 0.16∗∗∗ -0.17∗∗∗ -0.23∗∗∗

(0.032) (0.057) (0.074)

Ukip share in EE 0.91∗∗∗

(0.054)

Constant 38.5∗∗∗ 28.9∗∗∗ -37.7 24.4∗∗ 16.0
(0.36) (7.64) (29.4) (11.0) (13.8)

N 308 308 308 308 308

Standard errors in parentheses
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Left panel displays results of a regression (robust standard errors in parantheses) of average rainfall on election day on referendum turnout. Right
panel displays results of an IV regression using rainfall as instrument for referendum day turnout. Dependent variables are denoted in model header.
Models draw on a restricted sample of observations (all local authorities from regions that experience variation in rainfall).
** (*,***) indicates p < 0.05 (0.1, 0.01)
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A.6 Survey evidence on Brexit preferences of regular and occa-
sional voters

This Appendix Section provides supporting material for the survey evidence presented in the
main paper. Appendix Table A.12 presents logistic regressions that confirm the relationsships
depicted in Table 3 under inclusion of control variables. Note that the interpretation of
coefficients is not straightforward, as these socio-demographic and political controls are likely
also mediating factors for the correlations in Table 3. Appendix Figure A.3 reproduces the
average marginal effects Figure 2 without (left panel) and with (right panel) inclusion of
control variables and Appendix Table A.13 presents the corresponding coefficient estimates
on which these average marginal effects are based.

Figure A.3: Change in predicted probability of turnout between Ukip and non-Ukip sup-
porters in the 12 pre-referendum weeks with and without control variables (comp. Figure 2)

Predictions for Average Marginal Effects from binary logistic regression with dependent variable self-assessed
turnout intention (‘fairly likely’ or ‘very likely’) and independent variable whether respondent supported
UKIP at general election, whether he/she responded 1-48 days before the referendum and interaction term.
BES survey weights for representative sample of Great Britain used. 95% confidence intervals are shown.
Weighted N=12,636 (left panel). Right panel (weighted N=12,551) includes control variables as in Model 2
of Appendix Table A.13.
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Table A.12: Logistic regression for associations presented in Table 3. Regression on variable
indicated in model header. BES survey weights used.

(1) (2) (3) (4) (5)
Occasional Referendum interest Referendum turnout Referendum turnout Referendum turnout

voter very high very likely very likely very likely
main
Leave preference 0.071 0.34∗∗∗ 0.36∗∗

(0.068) (0.13) (0.15)

Sov./Imm. most important 0.52∗∗∗

(0.19)

Econ. most important -0.48∗∗

(0.19)

Age -0.023∗∗∗ 0.0031 0.0095∗∗ 0.0044 0.0046
(0.0018) (0.0037) (0.0042) (0.0054) (0.0054)

Female 0.038 0.033 0.18 -0.0031 -0.053
(0.054) (0.11) (0.11) (0.16) (0.16)

Scotland -0.26∗∗∗ -0.54∗∗∗ -0.071 -0.19 -0.20
(0.078) (0.16) (0.18) (0.23) (0.23)

Wales -0.047 0.30 0.074 -0.080 -0.057
(0.098) (0.19) (0.23) (0.32) (0.31)

Political attention (0-10) -0.19∗∗∗ 0.49∗∗∗ 0.26∗∗∗ 0.25∗∗∗ 0.26∗∗∗

(0.011) (0.027) (0.023) (0.034) (0.034)

Married 0.016 0.21∗ 0.13 -0.079 -0.11
(0.059) (0.11) (0.13) (0.17) (0.17)

No dependents in HH -0.043 0.35∗∗∗ 0.37∗∗∗ 0.21 0.21
(0.060) (0.12) (0.13) (0.17) (0.17)

Houseowner -0.49∗∗∗ -0.094 0.048 0.12 0.15
(0.059) (0.11) (0.13) (0.17) (0.17)

Unemployed 0.15 -0.24 -0.11 0.049 0.092
(0.15) (0.27) (0.26) (0.47) (0.47)

White ethnicity -0.37∗∗∗ -0.22 0.80∗∗∗ 0.65∗∗∗ 0.68∗∗∗

(0.090) (0.19) (0.17) (0.24) (0.24)

Migrant 0.59∗∗∗ 0.35 -0.23 -0.45 -0.45
(0.14) (0.27) (0.25) (0.32) (0.32)

Working class -0.29 0.42 1.04∗ -0.072 -0.033
(0.21) (0.46) (0.53) (0.64) (0.63)

Middle class 0.043 -0.24∗∗ -0.039 -0.11 -0.11
(0.053) (0.10) (0.11) (0.16) (0.16)

Like/dislike: Ukip 0.043∗∗∗ -0.0030 -0.042∗ -0.021 -0.0028
(0.0099) (0.020) (0.022) (0.027) (0.025)

Constant 1.34∗∗∗ -3.35∗∗∗ -2.21∗∗∗ -1.44∗∗∗ -1.21∗∗∗

(0.15) (0.33) (0.30) (0.42) (0.44)
N 14573 2744 2413 1326 1326
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Table A.13: Logistic regression on self-assessed turnout propensity by past Ukip vote and
time to referendum in British Election Study

(1) (2)
Referendum turnout likely or very likely

Referendum turnout likely or very likely
Ukip vote in 2015 general election=1 1.12∗∗ 1.15∗∗

(0.49) (0.49)

Days until referendum 0.0062 0.0029
(0.0050) (0.0055)

Ukip vote in 2015 general election=1 × Days until referendum 0.021 0.025
(0.015) (0.016)

Age 0.023∗∗∗

(0.0051)

Female 0.082
(0.13)

Scotland -0.14
(0.17)

Wales 0.38
(0.28)

Abstention in 2005, 2010 or 2015 general election -0.92∗∗∗

(0.13)

Political attention (0-10) 0.35∗∗∗

(0.027)

Married 0.12
(0.15)

No dependents in HH 0.18
(0.14)

Houseowner 0.11
(0.15)

Unemployed -0.39
(0.48)

White ethnicity 0.69∗∗∗

(0.22)

Migrant -0.15
(0.34)

Working class 0.073
(0.54)

Middle class -0.13
(0.14)

Constant 3.44∗∗∗ -0.27
(0.16) (0.43)

N 12636 12551
Pseudo R2 0.0038 0.15
Log likelihood -1878.1 -1514.7
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