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Abstract

How do voters respond to adverse climatic shocks? We study this question in

India, where voters can cast a formal “None of the Above” (NOTA) ballot, al-

lowing us to distinguish pure protest voting from directed electoral sanction-

ing. We combine assembly-constituency election data from 2013–2023 with high-

frequency satellite-based data on temperature, precipitation, and agricultural

productivity. We first show that high temperature exposure is negatively as-

sociated with satellite-measured agricultural productivity. Further, temperature

shocks increase turnout, but do not increase NOTA vote shares. Instead, they

reduce the vote shares of recontesting incumbents and ruling-party candidates.

Regular degree days reduce both turnout and NOTA vote shares. Heterogeneity

analyses show that agricultural dependence shapes the participation response,

while unirrigated agriculture mediates NOTA responses. Overall, the results

suggest that climate shocks mobilize voters and produce targeted electoral pun-

ishment, rather than leading voters to express generalized dissatisfaction through

pure protest voting.
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1 Introduction

A central premise of democratic accountability is that citizens use elections to reward

or punish incumbents for realized conditions. The canonical retrospective-voting model

treats elections as a mechanism through which voters discipline officeholders using observed

economic performance (Fair, 1978, Fiorina, 1981). Yet the empirical and normative content

of this mechanism is ambiguous. Voters may sanction governments for policy failures, but

they may also respond to events that are only weakly connected to incumbent competence

or effort. A large literature shows that electoral support responds to economic conditions,

natural disasters, disaster relief, and even events irrelevant to government performance

(Healy et al., 2010, Cole et al., 2012, Bechtel and Hainmueller, 2011, Achen and Bartels,

2016). This raises a deeper question: if adverse events generate a mobilization response

from voters, what form does that response take?

This paper distinguishes between two interrelated political responses that are often con-

flated: expressive protest and directed electoral sanctioning. A voter exposed to an adverse

shock may take one of the three actions: (i) abstain, (ii) reject the available political class

(pure protest), or (iii) punish the incumbent or ruling party (targeted sanction). These

responses have very different implications. Protest voting may reveal alienation from the

candidate set or the political system, while incumbent punishment may be closer to con-

ventional retrospective accountability. The difficulty is that most electoral data do not

separately observe these margins. Abstention is ambiguous, opposition voting combines

policy preference and punishment, and support for fringe candidates may reflect ideology,

strategy, or protest (Southwell and Everest, 1998, Alvarez et al., 2018).

India provides an unusually useful setting in which to study this distinction. Since 2013,

voters in Indian elections have had access to a formal “None of the Above” option. Following

the Supreme Court’s judgment in People’s Union for Civil Liberties v. Union of India,

the Election Commission of India instructed that electronic voting machines and ballot
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papers include a NOTA option, allowing voters to participate while refusing to endorse

any candidate (Supreme Court of India, 2013, Election Commission of India, 2013). Unlike

abstention, a NOTA vote requires turnout, and importantly, does not transfer support to

an alternative political actor. It is therefore a direct measure of active non-endorsement,

or a pure protest option Ujhelyi et al. (2021). This institutional feature makes it possible

to ask whether voters, exposed to adverse events, use a pure protest option, or instead

channel dissatisfaction through standard targeted electoral punishment.

We study this question using climatic shocks. Extreme heat is a salient and welfare-relevant

adverse event in agrarian and developing-country settings. A large body of evidence docu-

ments that temperature has nonlinear effects on economic production, labor productivity,

mortality, and agricultural outcomes, with high temperatures imposing particularly large

costs in poorer and more climate-exposed contexts (Dell et al., 2012, Burke et al., 2015,

Somanathan et al., 2021, Burgess et al., 2017). Climate shocks are therefore useful for

studying political responses to adversity: they generate local variation in welfare-relevant

conditions that is plausibly exogenous to short-run electoral politics, while also affecting

outcomes that citizens may attribute, at least partially, to the political system’s capacity

to respond.

The closest paper is Amirapu et al. (2022), who study Indian state elections and show that

exposure to extreme temperatures in the previous growing season increases turnout, affects

candidate entry and composition, and changes electoral outcomes. Their evidence points

to agricultural productivity as an important channel: the relationship between tempera-

ture and turnout mirrors the nonlinear relationship between temperature and agricultural

productivity, with harmful hot temperatures reducing productivity and increasing turnout.

We build directly on this framework, but ask a different question. Following exposure to

extreme climatic shocks, do voters use the formal protest option, or do they punish politi-

cally accountable actors? To answer this question, we combine constituency-level electoral

data from Indian state assembly elections conducted between 2013 and 2023 with satellite-
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based measures of temperature and precipitation in the previous growing season. For each

assembly constituency-election, we construct a measure of plausibly exogenous exposure

to extreme heat using daily land-surface temperature recorded in the agricultural season

or the previous year before the date of the election. Before turning to political outcomes,

we first document a non-linear relationship between climatic exposure to high temperature

and satellite-measured agricultural productivity. This relationship has been documented

in other contexts using different temperature thresholds (Burgess et al., 2017, Costa et al.,

2020, Aragón et al., 2021).

Turning to political outcomes, the paper delivers four main results. First, consistent with

Amirapu et al. (2022), we find that exposure to extreme temperatures in the preceding

year/growing season is associated with a higher voter turnout rate. Climatic adversity

does not appear to demobilize voters. Instead, exposure to extreme temperature periods

brings more citizens into the electorate. This finding allows us to rule out a simple with-

drawal interpretation: adverse climatic conditions induce political participation rather than

disengagement.

Second, we examine the composition of voting response to extreme heat. We document a

statistically nonsignificant relatonship between temperature shocks and NOTA vote shares.

If adverse shocks produced generalized rejection of the political class, one would expect

voters to use the institution specifically designed to record non-endorsement. The turnout

response to heat is therefore not well characterized as pure protest voting. Voters exposed

to extreme temperature periods become more politically active, but they do not respond

by rejecting the candidate pool.

Third, the electoral effects of temperature shocks appear instead in conventional account-

ability margins. Hot degree periods are associated with lower incumbent vote shares, and

similar declines are observed for candidates associated with the ruling party. These effects

suggest directed sanctioning rather than undirected protest. Voters respond to climate-

induced adversity by reallocating support away from politically accountable actors, not by
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shifting into the pure protest option, NOTA, or by abstaining. These response dynamics,

coupled with the presence of the NOTA option, allow us to separate pure protest from

targeted sanctioning or punishment.

Fourth, higher exposure to ‘normal’ degree days reduces both turnout and NOTA vote

shares. More favorable temperature exposure lowers active non-endorsement of the candi-

date set. This pattern is consistent with the view that NOTA partly reflects dissatisfaction

with local conditions or political choices. However, the asymmetry between regular and

harmful degree days is informative. Good conditions reduce protest voting, but bad heat

does not symmetrically increase it. Under adverse climatic conditions, voters do not simply

express generalized discontent; they punish those in power.

Taken together, these findings show that climate-induced political participation is not the

same as protest voting. Harmful heat increases turnout and reduces support for incumbents

and ruling-party candidates, but it does not increase NOTA vote shares. Voters exposed

to adverse shocks appear to remain inside the electoral accountability framework: they

participate, evaluate political authority, and sanction those in power. The paper therefore

separates protest participation from electoral accountability in a setting where both can be

observed.

We also examine whether these responses vary with constituency characteristics that shape

economic exposure, vulnerability, and political attribution. If temperature shocks affect

voting through local economic distress, the effects should be stronger in constituencies

more dependent on agriculture or more exposed to weather risk. Agricultural dependence

amplifies the turnout response to harmful heat, while unirrigated agriculture is the clearest

dimension along which harmful heat translates into higher NOTA vote shares. By con-

trast, political alignment does not appear to substantially mediate the main accountability

response.

The paper makes three contributions. First, it contributes to the literature on retrospective
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voting and accountability under shocks. Existing work shows that voters respond to eco-

nomic conditions, disasters, and weather realizations, including shocks outside incumbent

control (Fair, 1978, Fiorina, 1981, Cole et al., 2012, Healy et al., 2010, Achen and Bartels,

2016). We show that the form of this response matters. Climate shocks generate turnout

and incumbent punishment without increasing use of the pure protest option. Second, the

paper contributes to the literature on climate and political behavior. Whereas prior work

establishes that extreme temperature exposure affects turnout and political selection in

India (Amirapu et al., 2022), this paper studies whether the additional political participa-

tion generated by climate stress is expressive or sanctioning. Third, the paper contributes

to the study of protest voting and NOTA. The protest-voting literature emphasizes that

protest can take many forms, including abstention, spoiled ballots, fringe-party support,

blank votes, and formal none-of-the-above options (Southwell and Everest, 1998, Damore

et al., 2012, Alvarez et al., 2018, Plescia, 2023). We provide evidence from a large democ-

racy with an institutionalized protest option that adverse shocks need not translate into

pure protest voting.

The results have broader implications for democratic politics under climate change. As

extreme heat becomes more frequent, voters in climate-exposed economies will increasingly

experience welfare shocks that are difficult to attribute cleanly to any single incumbent.

Whether such shocks produce disengagement, anti-system protest, or electoral account-

ability is an open question. The evidence in this paper suggests that, at least in this

setting, voters respond to climate stress through participation and directed punishment

rather than generalized rejection. Climate shocks activate democracy, but the resulting

political expression is targeted, not merely expressive.

6



2 Background

India is a parliamentary democracy with regular elections at the national and state levels.

This paper focuses on elections to the Vidhan Sabhas, or state assemblies. Elections are

conducted under a first-past-the-post system asynchronously across states in single-member

assembly constituencies. State governments exercise substantial authority over policies

that are salient for voters, including agriculture, irrigation, electricity, local infrastructure,

welfare delivery, and disaster relief. State assembly elections are therefore an important

setting for studying retrospective voting and political accountability.

A distinctive feature of the Indian electoral setting is the availability of the “None of

the Above” option. Following the Supreme Court’s judgment in People’s Union for Civil

Liberties v. Union of India, the Election Commission introduced NOTA in parliamentary

and state elections beginning in 2013 (Supreme Court of India, 2013, Election Commission

of India, 2013). NOTA allows a voter to participate in the election while explicitly refusing

to support any candidate. It does not affect the formal outcome of the election: the

candidate with the highest number of valid candidate votes wins even if NOTA receives

more votes than any individual candidate. For this reason, NOTA is best interpreted as

an institutionalized form of expressive non-endorsement. In our setting, it allows us to

distinguish between three responses to adverse shocks: abstention, pure protest voting,

and directed electoral punishment of incumbents or ruling-party candidates.

3 Data

In this section, we describe the data used in the empirical analysis. We outline the data

sources, the sample period covered, and the procedures used to construct the final analytical

dataset.
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3.1 Elections Data

Our analysis relies on constituency- and candidate-level data from the Statistical Reports of

the Election Commission of India (ECI) for state legislative assembly elections held during

the period, 2013–2023. We use the harmonized and cleaned version of these data made

available by the Trivedi Centre for Political Data (TCPD), Ashoka University, through its

Lok Dhaba project.

Our sample includes only those state assembly elections conducted after the Supreme Court

of India’s 2013 directive requiring the introduction of a “None of the Above” (NOTA) op-

tion on ballots for all parliamentary and state elections.1 Our primary outcome of interest

is the share of votes cast for the NOTA option in an election. We also examine additional

electoral outcomes, including the vote share of the incumbent candidate, the vote share

of the candidate affiliated with the state-level ruling party, and voter turnout.2 We addi-

tionally utilize other information from the ECI reports such as the reservation status of

the constituency, the number of registered voters in the constituency, the number of candi-

dates contesting the election, the number of male (and female) candidates for our control

variables.

Since the TCPD and the ECI data do not provide information on the administrative dis-

tricts a constituency is contained within, we use the Socioeconomic High-Resolution Rural

Urban Geographic (SHRUG) data portal to map each constituency to an administrative

district.3 The descriptive statistics for our electoral variables are presented in Table in the

Appendix.

1The first state assembly elections featuring the NOTA option were held in Chhattisgarh and Madhya Pradesh in November
2013.

2We distinguish between the incumbent candidate and the ruling-party candidate as follows. The incumbent is defined
as the winner of the previous election in a given constituency, regardless of party affiliation. In contrast, the ruling-party
candidate is the candidate fielded in the constituency by the party that formed the state government following the previous
election, irrespective of whether that candidate won the seat in the previous contest.

3We use this information to include district fixed effects– a smaller geographic unit than a state– in our primary empirical
specification.
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3.2 Satellite Imagery Data

Temperature Data. We use high-resolution satellite imagery data to construct our vari-

able corresponding to temperature shocks. Unlike monitoring station data, these data

are available at a highly granular level, allowing us to study temperature variations at

disaggregated geographic levels (in our case, the assembly constituency). We utilize the

Terra Moderate Resolution Imaging Spectroradiometer (MODIS) Land Surface Tempera-

ture (LST) 8-Day (MOD11C2) Version 6.1 from NASA, which provides average temper-

atures for 8-day periods annually on a 0.05 × 0.05 degree (5,600 meters squared at the

equator) latitude/longitude Climate Modeling Grid (CMG). We overlay a map of assembly

constituencies on this grid-level data, and aggregate the temperature data to the bound-

aries of assembly constituencies. The aggregation exercise calculates the mean daytime

temperature for each constituency for all 8-day periods in a year. The average temperature

for constituency i in an 8-day period d in year t, Td,t,i is calculated as:

Td,t,i =

∑
c Td,c(i)

C

where Td,t,c(i) is the mean 8-day temperature recorded in cell c– in d in the year t– contained

in constituency i, and C is the total number of 0.05×0.05-degree cells contained within the

constituency i.

To capture extreme temperature shocks, we construct a measure of cumulative heat expo-

sure following the approach in Aragón et al. (2021), Chen and Gong (2021), Cui and Tang

(2024), and Liu et al. (2023). Particularly, we define an 8-day period to be a hot-degree

period for constituency i if Td,t,i > τ , where τ is an extreme-temperature threshold. The

cumulative heat exposure measure for constituency i is then defined as:

HDDi,t =
1

n

∑
d

(Td,t,i − τ)× 1 [Td,t,i > τ ] (1)

The HDDi,t measures the average share of hot-degree 8-day periods in a year recorded
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within the boundaries of constituency i, interacted with the intensity of heat, following

Aragón et al. (2021), Chen and Gong (2021), Amirapu et al. (2022). Analogously, we term

an 8-day period as a good-degree (or a normal temperature) period if 8◦C ≤ Td,t,i ≤ τ ◦C.

The average share of good-degree periods is defined similarly using an intensity interaction

as follows:

DDi,t =
1

n

∑
d

(min{Td,t,i, τ} − 8)× 1 [Td,t,i ≥ 8] (2)

In other words, DD measures the cumulative exposure to temperatures between a lower

bound, 8◦C, up to an upper threshold, while HDD captures exposure to temperatures above

τ . Figure 1 shows the minimum and maximum number of hot periods in a year in each

Assembly Constituency between 2013 and 2023.

Productivity Data. We also use satellite-based measures of agricultural productivity

from the MODIS/Terra Net Primary Production Gap-Filled Yearly product, MOD17A3HGF

Version 6.1. The product reports annual gross and net primary productivity at 500 meter

resolution. Annual net primary productivity (NPP) is constructed from the sum of 8-day

net photosynthesis products within the year, where net photosynthesis is defined as gross

primary productivity net of maintenance respiration (NASA LP DAAC, 2021).

We aggregate NPP to the assembly-constituency level by taking the spatial mean of all

MODIS pixels intersecting each constituency polygon, which produces an annual constituency-

level productivity panel indexed by constituency and year. In the empirical analysis, we

merge this measure to the election-level climate panel using the year in which the previous

growing season ends. For example, a Kharif growing season from June to October of year t

is matched to NPP in year t, while a Rabi season spanning November of year t− 1 through

April of year t is matched to NPP in year t. Following the scale of the MODIS product,

we convert NPP from kg C/m2/year to kg C/ha/year by multiplying by 10,000 and use

the logarithm of this measure as the productivity outcome. We weight this measure by the

population of the assembly constituency to have a per hectare per-capita interpretation of
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Figure 1: Spatial Distribution of Hot 8-Day Periods (2013-23)

(a) Minimum Number of Hot-Degree 8-day Periods in Assembly Constituencies

(b) Maximum Number of Hot-Degree 8-day Periods in Assembly Constituencies

Notes: The maps show the (a) minimum and the (b) maximum number of 8-day periods in a given year for
each assembly constituency in the period 2013-24.
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the outcome.

Precipitation. In all our regressions, we also control for local rainfall using data from

the Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS). The daily

CHIRPS product is available at 0.05 degree resolution, approximately 5.6 km at the equator,

and reports precipitation in millimeters per day (Google Earth Engine Data Catalog, 2025).

For each constituency-election observation, we aggregate CHIRPS rainfall over the same

previous-year window used to construct temperature exposure. The resulting precipitation

variable in our analysis measures total previous period (growing season or previous year)

precipitation in millimeters for a given constituency-election.

4 Empirical Framework

First, we estimate a flexible binned temperature specification to document the relationship

between growing-season temperature exposure and agricultural productivity. Second, we

use the degree-day measures described above to estimate the effect of climate shocks on

electoral outcomes.

Binned temperature and productivity specification. To examine the nonlinear re-

lationship between temperature and productivity, we estimate:

log(NPPigt) =
∑
b̸=b0

γbBin
b
igt + θ1Rainigt + θ2Rain

2
igt + αd + λst + εigt. (3)

Here, log(NPPigt) is log net primary productivity in assembly constituency i, growing

season g, and year t. The variables Binb
igt denote the share of growing-season temperature

observations falling in temperature bin b, with one bin omitted as the reference category.

We control for total growing-season precipitation and its square. The specification includes

district fixed effects, αd, and year fixed effects, λt, so identification comes from within-year

variation across constituencies, net of persistent district-level differences. Standard errors
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are clustered at the assembly-constituency level. We use the binned regression as a data-

driven tool to set our threshold, τ , for our HDD and DD variables, following Amirapu et al.

(2022), Burke et al. (2015).

Electoral outcomes specification. For our analysis vis-à-vis electoral outcomes, our

baseline specification is:

Yist = β1DDist + β2HDDist + θ1Rainist + θ2Rain
2
ist + αd + λmt + εist. (4)

The outcome Yist is measured in assembly constituency i in state s at election t. The main

outcomes are voter turnout, NOTA vote share, incumbent vote share, and ruling-party

candidate vote share. DDist and HDDist are measured over the completed growing season

preceding the election. The specification controls for growing-season precipitation and

precipitation squared, district fixed effects, and election month-year fixed effects. Standard

errors are clustered at the assembly-constituency level.

The coefficient β2 captures the effect of harmful heat exposure on electoral outcomes,

holding fixed regular degree days, rainfall, and fixed effects. If adverse climatic shocks

induce pure protest voting, β2 should be positive for NOTA vote share. If voters instead

respond through directed electoral sanctioning, the effect should appear in incumbent or

ruling-party candidate vote shares. The coefficient β1 captures the effect of regular, non-

harmful temperature exposure.

We also estimate a more demanding specification including state-by-year fixed effects, which

compares constituencies within the same state and election year that experienced different

growing-season temperature realizations. It absorbs state-election-specific political shocks,

including state-level campaigns, party popularity, and common economic conditions.

The identifying assumption is that, conditional on fixed effects and rainfall controls, within-

state or within-election-period variation in growing-season temperature exposure is unre-

lated to other unobserved determinants of electoral outcomes. Since the temperature vari-
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ables are constructed from satellite-based climatic realizations over the previous growing

season, they are plausibly exogenous to contemporaneous electoral behavior, candidate

choices, and party strategies at the constituency level.

5 Main Results

5.1 The Temperature-Productivity Relationship

Before estimating the electoral effects of heat exposure, we examine the association between

temperature and agricultural productivity using the binned specification outlined in the

previous section. The specification controls for growing-season precipitation, precipitation

squared, and log electors, and includes district and year fixed effects. Standard errors are

clustered at the assembly-constituency level.

Figure 2 plots the estimated bin coefficients and confidence intervals. The relationship be-

tween temperature and productivity is highly nonlinear. Cooler and moderate temperature

bins show no systematic decline relative to the omitted 34–36◦C category, while exposure

to very high temperatures is associated with sharp reductions in productivity. The decline

becomes especially pronounced above 40◦C and is largest in the extreme upper bins. This

pattern supports the use of degree-day measures that distinguish regular temperature expo-

sure from harmful heat exposure. Table A1 reports the corresponding regression estimates.

Relative to the omitted 34–36◦C bin, the coefficients on 40–42◦C, 42–44◦C, 44–46◦C, 46–

47◦C, and ≥ 47◦C are all negative, with the magnitudes increasing monotonically in the

upper tail. The estimate for the ≥ 47◦C bin is −3.36 log points.

The binned productivity estimates also motivate the choice of the baseline heat threshold.

We set τ = 36◦C for two reasons. First, this threshold follows the closest related study,

Amirapu et al. (2022), who define regular and harmful degree days using a 36◦C cutoff.

Second, the binned estimates in our data support treating temperatures above this range
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Figure 2: Temperature Exposure and Agricultural Productivity
Notes: The figure plots coefficients from a binned temperature regression of log net agricultural productivity on growing-
season temperature-bin shares. The omitted category is 34–36◦C. The specification controls for growing-season precipitation,
precipitation squared, and log electors, and includes district and year fixed effects. Standard errors are clustered at the
assembly-constituency level.

as potentially harmful. Relative to the 34–36◦C benchmark bin in Figure 2, productivity

does not increase at higher temperatures. The coefficient on the 36–38◦C bin is small

and statistically indistinguishable from zero, while the coefficient on 38–40◦C is negative

but imprecisely estimated. The decline becomes statistically precise at 40–42◦C and grows

monotonically in magnitude thereafter, reaching −3.36 log points for the ≥ 47◦C bin. We

therefore use 36◦C as the baseline threshold: it is the upper edge of the last benchmark

temperature bin before exposure enters the range where productivity begins to decline and

eventually falls sharply. It is worth noting that this choice should not be interpreted as

evidence of a discrete kink exactly at 36◦C. Rather, 36◦C provides a conservative cutoff for

separating regular temperature exposure from harmful heat.
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5.2 Voting Behavior

To examine the relationship between temperature shocks and voting behavior, we use four

electoral outcomes: (i) voter turnout, (ii) the vote share of NOTA—a pure protest option

(Ujhelyi et al., 2021), (iii) the vote share of the sitting recontesting incumbent, and (iv)

the vote share of the candidate affiliated with the ruling party.

Table 1: Impact of Temperature Shocks on Electoral Outcomes

Electoral Outcomes

Turnout NOTA Incumbent Ruling

(1) (2) (3) (4) (5) (6) (7) (8)

HDD 0.545∗∗∗ 0.399∗∗ 0.0151 -0.019 -1.421∗∗∗ -1.195∗∗ -0.674∗ -0.889∗∗

(0.179) (0.191) (0.025) (0.0266) (0.517) (0.538) (0.380) (0.367)
DD -0.282∗∗∗ -0.347∗∗∗ -0.018∗∗∗ -0.015∗∗∗ 0.101 0.124 -0.618∗∗∗ 0.107

(0.075) (0.080) (0.005) (0.005) (0.158) (0.537) (0.147) (0.122)

District FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
State-Year FE ✗ ✓ ✗ ✓ ✗ ✓ ✗ ✓
Month × Year FE ✓ ✗ ✓ ✗ ✓ ✗ ✓ ✗

Observations 7,863 7,863 7,863 7,863 5,074 5,074 7,151 7,151
Mean of Dep. Var 72.613 72.613 1.162 1.162 40.466 40.466 38.614 38.614
R-Squared 0.839 0.843 0.614 0.631 0.275 0.311 0.458 0.564

Notes: Standard errors clustered at the assembly-constituency level are reported in parentheses. The dependent variables are
voter turnout in Columns (1)–(2), NOTA vote share in Columns (3)–(4), vote share of the recontesting incumbent in Columns
(5)–(6), and vote share of the candidate affiliated with the ruling party in Columns (7)–(8). All outcomes are measured in
percentage points. HDD and DD denote hot degree days and regular degree days, respectively, measured over the completed
growing season preceding the election and constructed using the baseline threshold of 36◦C. All regressions control for total
growing-season precipitation, precipitation squared, and the log number of registered electors. All columns include district
fixed effects. Odd-numbered columns include election month-by-year fixed effects, while even-numbered columns include
state-by-year fixed effects. The sample period spans 2013–2023.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

The results are presented in Table 1. The results show that climatic shocks affect electoral

behavior, but not through the pure protest option. Consistent with Amirapu et al. (2022),

we show that exposure to harmful degree days is associated with higher voter turnout. A

one-unit increase in hot degree days is associated with an increase in turnout by 0.40–0.55

percentage points.
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Columns (3) and (4) examine whether this additional participation translates into support

for NOTA. The coefficient on HDD is small, statistically insignificant, and changes sign

across specifications. Thus, voters exposed to harmful heat do not appear to respond by

using the formal pure protest option. This is an important distinction: climate shocks

increase participation, but the additional participation is not expressed as a generalized

rejection of all candidates.

Instead, the response appears in conventional electoral margins. Columns (5) and (6) show

that HDD reduces the vote share of recontesting incumbents by about 1.2–1.4 percentage

points. Columns (7) and (8) show a similar decline in ruling-party candidate vote share,

with effects between 0.7 and 0.9 percentage points. These results suggest that voters

respond to harmful heat by sanctioning politically accountable actors rather than by shifting

into NOTA.

Regular degree days have a different pattern. DD is negatively associated with turnout

and with NOTA vote share. The decline in NOTA vote share is small in magnitude but

precisely estimated, suggesting that more favorable growing-season temperature exposure

reduces expressive dissatisfaction with the candidate set. DD has no robust effect on

incumbent vote share, and its association with ruling-party vote share is sensitive to the

fixed-effect structure. Overall, the results indicate that adverse climate exposure generates

directed electoral punishment, while favorable temperature exposure reduces protest voting

at the margin.

5.3 Heterogeneous Effects

5.3.1 Agricultural Dependence

In this section, we examine whether the electoral responses to temperature shocks are

shaped by constituency-level agricultural dependence. To do so, we use two measures from

the 2011 Census: (i) the share of main workers employed in agriculture, and (ii) the share of
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agricultural land that is unirrigated. These capture two related but distinct dimensions of

exposure to climate shocks. The first measures the extent to which local livelihoods depend

on agriculture, while the second captures the vulnerability of agricultural production to

weather fluctuations due to limited irrigation access. By interacting these measures with

DD and HDD, we test whether temperature shocks have heterogeneous political effects in

constituencies where voters are potentially more economically exposed to agricultural risk.

Table 2: Temperature Shocks, Agricultural Dependence, and Electoral Outcomes

Electoral Outcomes

Turnout NOTA Incumbent Ruling
(1) (2) (3) (4)

HDD −0.992∗∗∗ 0.120∗∗∗ −1.205 −0.706
(0.362) (0.043) (1.085) (0.820)

Agricultural Labor Share 5.960 −1.608∗∗∗ 12.540 5.670
(3.724) (0.335) (10.238) (8.474)

HDD × Agricultural Labor Share 1.605∗∗∗ −0.198∗∗∗ 0.953 0.618
(0.489) (0.071) (1.428) (1.111)

DD −0.021 −0.065∗∗∗ 0.359 −0.353
(0.133) (0.011) (0.314) (0.284)

DD × Agricultural Labor Share 0.149 0.086∗∗∗ −0.850∗ −0.413
(0.172) (0.016) (0.472) (0.397)

District FE ✓ ✓ ✓ ✓
Month × Year FE ✓ ✓ ✓ ✓
Observations 6,558 6,558 4,183 6,017
R-squared 0.896 0.629 0.294 0.480

Notes: Standard errors clustered at the assembly-constituency level are reported in parentheses. The dependent variables are
voter turnout in Column (1), NOTA vote share in Column (2), vote share of the recontesting incumbent in Column (3), and
vote share of the candidate affiliated with the ruling party in Column (4). All outcomes are measured in percentage points.
HDD denotes hot degree days and DD denotes regular or good degree days, both measured over the completed growing season
preceding the election and constructed using the baseline threshold of 36◦C. Agricultural Labor Share is the share of main
workers engaged in agriculture. All regressions include interactions between HDD and Agricultural Labor Share, and between
DD and Agricultural Labor Share. All regressions control for total growing-season precipitation, precipitation squared, and
the log number of registered electors. District fixed effects and election month-by-year fixed effects are included in all columns.
Since Agricultural Labor Share is not mean-centered, the main effects of HDD and DD should be interpreted as the effects
when Agricultural Labor Share equals zero; the interaction terms indicate how these effects vary with agricultural dependence.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

Table 2 examines whether the electoral effects of temperature shocks vary with local agri-

cultural dependence. The turnout results suggest that harmful heat has a more mobilizing

effect in constituencies with larger agricultural labor shares. The main effect of HDD is

negative, but the interaction between HDD and Agricultural Labor Share is positive and

statistically significant, implying that the turnout response to harmful heat becomes more
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positive in more agriculture-dependent constituencies.

For NOTA, the pattern is different. HDD is positively associated with NOTA vote share

in constituencies with low agricultural labor shares, but the interaction with Agricultural

Labor Share is negative and statistically significant. Thus, harmful heat does not generate

stronger pure protest voting in more agriculture-dependent areas. If anything, the NOTA

response to HDD is attenuated where agriculture is more important. By contrast, DD

reduces NOTA vote share on average, while the positive interaction with Agricultural Labor

Share indicates that this decline is weaker in more agricultural constituencies.

The incumbent and ruling-party columns provide less evidence of systematic heterogeneity

by agricultural dependence. The interaction between DD and agricultural labor share is

negative and marginally significant for incumbent vote share, but the HDD interactions

are imprecisely estimated for both incumbent and ruling-party outcomes. Overall, the

strongest heterogeneity appears in turnout and NOTA: agricultural dependence amplifies

the participation response to harmful heat, but it does not translate into a higher use of

the pure protest option.

Table 3 examines whether the electoral effects of temperature shocks vary with dependence

on unirrigated agriculture. The turnout estimates provide little evidence of systematic het-

erogeneity along this margin. The interaction between HDD and the share of unirrigated

land is positive, but imprecisely estimated, and the interaction with DD is also statistically

insignificant. The clearest heterogeneity appears for NOTA. The interaction between HDD

and Unirrigated Land Share is positive and statistically significant. This suggests that

harmful heat increases NOTA vote share more strongly in constituencies where agriculture

is more dependent on rainfall and therefore more vulnerable to weather shocks. Conversely,

the interaction between DD and Unirrigated Land Share is negative and statistically sig-

nificant, implying that favorable temperature exposure reduces NOTA more strongly in

unirrigated constituencies. For incumbent and ruling-party vote shares, the evidence is

weaker. The HDD interactions are statistically insignificant in both columns. The DD
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Table 3: Temperature Shocks, Unirrigated Land, and Electoral Outcomes

Electoral Outcomes

Turnout NOTA Incumbent Ruling
(1) (2) (3) (4)

HDD −0.200 −0.044 0.202 0.132
(0.331) (0.051) (1.140) (0.735)

Unirrigated Land Share −1.874 1.215∗∗∗ −24.155 2.542
(4.827) (0.468) (15.316) (10.604)

HDD × Unirrigated Land Share 1.006 0.234∗∗ −3.082 0.135
(0.868) (0.097) (2.496) (1.608)

DD −0.075 −0.003 −0.259 −0.592∗∗

(0.120) (0.008) (0.285) (0.235)
DD × Unirrigated Land Share 0.093 −0.065∗∗∗ 1.221∗ −0.083

(0.232) (0.023) (0.727) (0.508)

District FE ✓ ✓ ✓ ✓
Month × Year FE ✓ ✓ ✓ ✓
Observations 3,846 3,846 2,352 3,489
R-squared 0.898 0.660 0.345 0.472

Notes: Standard errors clustered at the assembly-constituency level are reported in parentheses. The dependent variables are
voter turnout in Column (1), NOTA vote share in Column (2), vote share of the recontesting incumbent in Column (3), and
vote share of the candidate affiliated with the ruling party in Column (4). All outcomes are measured in percentage points.
HDD denotes hot degree days and DD denotes regular or good degree days, both measured over the completed growing
season preceding the election and constructed using the baseline threshold of 36◦C. Unirrigated Land Share is the share of
agricultural land that is not irrigated. The sample is restricted to observations with non-missing unirrigated land share below
one. All regressions include interactions between HDD and Unirrigated Land Share, and between DD and Unirrigated Land
Share. All regressions control for total growing-season precipitation, precipitation squared, and the log number of registered
electors. District fixed effects and election month-by-year fixed effects are included in all columns.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

interaction is positive and marginally significant for incumbent vote share, while DD itself

is negatively associated with ruling-party vote share. Overall, the results suggest that unir-

rigated agriculture is most relevant for explaining heterogeneity in NOTA responses rather

than turnout or directed punishment of incumbents and ruling-party candidates.

5.3.2 Socioeconomic Characteristics of the Electorate

Table 4 examines whether the electoral effects of temperature shocks vary with constituency-

level literacy rate. The turnout estimates suggest that the mobilizing effect of harmful heat

is weaker in constituencies with higher literacy rates. This pattern implies that harmful

heat increases turnout more strongly in lower-literacy constituencies. For NOTA, there is

little evidence that literacy mediates the response to harmful heat. The HDD coefficient
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Table 4: Temperature Shocks, Literacy, and Electoral Outcomes

Electoral Outcomes

Turnout NOTA Incumbent Ruling
(1) (2) (3) (4)

HDD 1.879∗∗ 0.010 −2.542 0.463
(0.937) (0.109) (2.382) (1.785)

Literacy Rate −15.690∗ 0.884 −31.612 −33.215
(8.551) (0.862) (21.762) (21.000)

HDD × Literacy Rate −2.831∗ −0.046 3.039 −1.172
(1.539) (0.169) (3.982) (2.932)

DD 0.339 0.071∗∗∗ −1.547∗∗ −1.992∗∗∗

(0.251) (0.027) (0.647) (0.667)
DD × Literacy Rate −0.456 −0.125∗∗∗ 2.236∗∗ 2.157∗∗

(0.402) (0.041) (0.980) (0.978)

District FE ✓ ✓ ✓ ✓
Month × Year FE ✓ ✓ ✓ ✓

Observations 6,558 6,558 4,183 6,017
R-squared 0.888 0.637 0.295 0.481

Notes: Standard errors clustered at the assembly-constituency level are reported in parentheses. The dependent variables are
voter turnout in Column (1), NOTA vote share in Column (2), vote share of the recontesting incumbent in Column (3), and
vote share of the candidate affiliated with the ruling party in Column (4). All outcomes are measured in percentage points.
HDD denotes hot degree days and DD denotes regular or good degree days, both measured over the completed growing season
preceding the election and constructed using the baseline threshold of 36◦C. Literacy Rate is measured using the 2011 Census.
All regressions include interactions between HDD and Literacy Rate, and between DD and Literacy Rate. All regressions
control for total growing-season precipitation, precipitation squared, and the log number of registered electors. District fixed
effects and election month-by-year fixed effects are included in all columns. Since Literacy Rate is not mean-centered, the
main effects of HDD and DD should be interpreted as the effects when Literacy Rate equals zero; the interaction terms
indicate how these effects vary with constituency literacy.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

and its interaction with literacy are both statistically insignificant. However, the response

to DD varies sharply with literacy. DD is positively associated with NOTA vote share at low

levels of literacy, but the interaction with literacy rate is negative and statistically signifi-

cant. The incumbent and ruling-party results show a similar pattern for DD. The main DD

coefficients are negative and statistically significant, while the interactions with Literacy

Rate are positive and significant. This suggests that the negative association between DD

and incumbent or ruling-party vote share is concentrated in lower-literacy constituencies

and weakens as literacy rises. Overall, the literacy results point to heterogeneity primarily

in turnout and in responses to DD, while providing little evidence that literacy conditions

the effect of harmful heat on NOTA or directed punishment.

Table 5 examines whether the electoral effects of temperature shocks vary with the SC/ST
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Table 5: Temperature Shocks, SC/ST Share, and Electoral Outcomes

Electoral Outcomes

Turnout NOTA Incumbent Ruling
(1) (2) (3) (4)

HDD 0.274 −0.034 0.035 −2.576∗∗∗

(0.330) (0.040) (0.924) (0.707)
SC/ST Share −5.562 0.193 −19.389∗ 41.124∗∗∗

(4.461) (0.447) (11.361) (12.380)
HDD × SC/ST Share 1.117 0.166 −3.986 7.773∗∗∗

(1.090) (0.114) (2.917) (2.188)
DD −0.258∗∗ −0.026∗∗ −0.301 0.310

(0.123) (0.011) (0.298) (0.235)
DD × SC/ST Share 0.424∗∗ 0.051∗∗ 0.553 −2.468∗∗∗

(0.214) (0.021) (0.532) (0.594)

District FE ✓ ✓ ✓ ✓
Month × Year FE ✓ ✓ ✓ ✓

Observations 6,558 6,558 4,183 6,017
R-squared 0.875 0.644 0.292 0.484

Notes: Standard errors clustered at the assembly-constituency level are reported in parentheses. The dependent variables
are voter turnout in Column (1), NOTA vote share in Column (2), vote share of the recontesting incumbent in Column (3),
and vote share of the candidate affiliated with the ruling party in Column (4). All outcomes are measured in percentage
points. HDD denotes hot degree days and DD denotes regular or good degree days, both measured over the completed
growing season preceding the election and constructed using the baseline threshold of 36◦C. SC/ST Share is the share of the
constituency population belonging to Scheduled Castes or Scheduled Tribes, measured using the 2011 Census. All regressions
include interactions between HDD and SC/ST Share, and between DD and SC/ST Share. All regressions control for total
growing-season precipitation, precipitation squared, and the log number of registered electors. District fixed effects and
election month-by-year fixed effects are included in all columns.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

population share. The turnout results provide limited evidence of heterogeneity in response

to harmful heat. However, DD is negatively associated with turnout, and the positive inter-

action with SC/ST Share suggests that this negative association is weaker in constituencies

with larger SC/ST population shares. For NOTA, HDD again does not show a statistically

significant heterogeneous effect. The coefficient on HDD and its interaction with SC/ST

Share are both imprecisely estimated. By contrast, DD is associated with lower NOTA

vote share, while the positive interaction with SC/ST Share indicates that this decline is

attenuated in constituencies with larger SC/ST shares.

The clearest heterogeneity appears for ruling-party vote share. HDD reduces ruling-party

candidate vote share when SC/ST Share is low, but the positive and significant interaction

implies that this negative effect weakens, and may reverse, as the SC/ST share increases.
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Conversely, the interaction between DD and SC/ST Share is negative and statistically

significant, suggesting that favorable temperature exposure is associated with lower ruling-

party vote share in constituencies with larger SC/ST populations. Overall, the SC/ST

results provide little evidence that harmful heat increases NOTA voting in more socially

marginalized constituencies, but they do suggest meaningful heterogeneity in ruling-party

vote shares.

5.3.3 Political Environment

Table 6: Temperature Shocks, Previous Winner Alignment, and Electoral Outcomes

Electoral Outcomes

Turnout NOTA Incumbent Ruling
(1) (2) (3) (4)

HDD 0.508∗∗∗ 0.000 −1.501∗∗∗ −0.519
(0.195) (0.032) (0.550) (0.477)

Previous Winner Aligned 0.669 −0.002 6.523∗∗ 3.309
(0.917) (0.085) (2.879) (3.560)

HDD × Previous Winner Aligned −0.094 0.022 −0.002 −0.337
(0.152) (0.025) (0.427) (0.420)

GDD −0.202∗∗ −0.014∗∗ 0.279 −0.639∗∗∗

(0.081) (0.007) (0.194) (0.193)
GDD × Previous Winner Aligned −0.039 −0.001 −0.261∗ 0.074

(0.043) (0.004) (0.135) (0.164)

District FE ✓ ✓ ✓ ✓
Month × Year FE ✓ ✓ ✓ ✓

Observations 7,653 7,653 4,962 7,123
R-squared 0.841 0.590 0.275 0.483

Notes: Standard errors clustered at the assembly-constituency level are reported in parentheses. The dependent variables
are voter turnout in Column (1), NOTA vote share in Column (2), vote share of the recontesting incumbent in Column (3),
and vote share of the candidate affiliated with the ruling party in Column (4). All outcomes are measured in percentage
points. HDD denotes hot degree days and GDD denotes regular or good degree days, both measured over the completed
growing season preceding the election and constructed using the baseline threshold of 36◦C. Previous Winner Aligned is an
indicator equal to one if the party of the previous election winner in the constituency is aligned with the ruling party going
into the next election. All regressions include interactions between HDD and Previous Winner Aligned, and between GDD
and Previous Winner Aligned. All regressions control for total growing-season precipitation, precipitation squared, and the
log number of registered electors. District fixed effects and election month-by-year fixed effects are included in all columns.
The main effects of HDD and GDD correspond to constituencies where the previous winner was not aligned with the ruling
party; the interaction terms indicate whether these effects differ when the previous winner was aligned.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

Table 6 examines whether the effects of temperature shocks differ when the previous con-

stituency winner was aligned with the ruling party going into the next election. The turnout

results show that HDD increases turnout in constituencies where the previous winner was
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not aligned with the ruling party. The interaction with the alignment status of the previ-

ous winner is small and statistically insignificant, suggesting that the turnout response to

harmful heat does not differ meaningfully by previous-winner alignment.

For NOTA, neither HDD nor its interaction with the incumbent’s alignment status is sta-

tistically significant. This reinforces the main result that harmful heat does not translate

into greater use of the pure protest option. DD is negatively associated with NOTA vote

share, but this effect also does not vary significantly by alignment. The incumbent results

show that HDD reduces the vote share of recontesting incumbents by about 1.5 percentage

points among constituencies where the previous winner was not aligned. The interaction

with alignment is essentially zero, indicating that this incumbent punishment is not concen-

trated among aligned winners. For ruling-party vote share, HDD is negative but imprecisely

estimated, and the interaction with alignment is also insignificant. DD is associated with

lower ruling-party vote share, but again there is no strong evidence that this effect differs

by previous-winner alignment. Overall, the table suggests that political alignment does not

substantially mediate the response to harmful heat: voters punish incumbents after HDD

exposure, but this punishment does not appear to depend on whether the previous winner

was aligned with the ruling party.

6 Conclusion

This paper studies how voters respond to adverse climatic shocks in a setting where pure

protest voting is directly observed. Using Indian state assembly elections after the intro-

duction of NOTA, we ask whether voters exposed to harmful heat respond by rejecting all

candidates or by sanctioning politically accountable actors. Extreme temperature shocks

increase turnout, but they do not increase NOTA vote shares. Instead, they reduce the vote

shares of recontesting incumbents and ruling-party candidates. Voters appear to respond

to climatic adversity by participating and reallocating support away from those in power,
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rather than by using the formal non-endorsement option.

This distinction is important for interpreting political responses to climate stress. A rise

in turnout following adverse shocks could reflect many forms of political behavior: mobi-

lization, anger, protest, or accountability. The presence of NOTA allows us to separate

these channels. The evidence suggests that voters remain within the conventional electoral

accountability framework. They do not withdraw from politics, nor do they primarily ex-

press undirected dissatisfaction with the candidate set. Instead, adverse climatic conditions

generate a targeted electoral response.

The heterogeneity results further suggest that these responses depend on local exposure and

vulnerability. Agricultural dependence strengthens the turnout response to harmful heat,

while unirrigated agriculture is the clearest margin along which harmful heat translates

into higher NOTA vote shares. Socioeconomic characteristics and political alignment gen-

erate more mixed patterns. Overall, the results indicate that climate shocks are politically

consequential, but their effects are not reducible to generalized protest.

As climate change increases the frequency and intensity of extreme heat, voters in agrarian

and developing-country democracies will face more frequent welfare shocks. Whether these

shocks weaken democratic engagement, fuel anti-system protest, or activate electoral ac-

countability is a central question for political economy. The evidence in this paper suggests

that, in India, climate-induced adversity increases participation and directed sanctioning

without increasing pure protest voting. Climate stress may therefore reshape democratic

politics not only by changing whether citizens vote, but also by changing whom they hold

responsible.
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Appendix

A Additional Tables and Figures

A.1 Temperature–Productivity Relationship
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Table A1: Temperature Exposure and Agricultural Productivity

Log NPP per ha per capita

< 12◦C −0.479∗∗

(0.241)
12–14◦C 1.163∗∗

(0.504)
14–16◦C 0.564

(0.436)
16–18◦C 1.461∗∗∗

(0.411)
18–20◦C −0.569∗

(0.312)
20–22◦C 1.017∗∗∗

(0.258)
22–24◦C 0.448∗

(0.248)
24–26◦C 0.323

(0.229)
26–28◦C 0.029

(0.147)
28–30◦C −0.460∗∗∗

(0.136)
30–32◦C −0.648∗∗∗

(0.146)
32–34◦C −0.382∗∗∗

(0.138)
36–38◦C 0.059

(0.129)
38–40◦C −0.235

(0.171)
40–42◦C −0.470∗∗

(0.224)
42–44◦C −1.293∗∗∗

(0.251)
44–46◦C −1.717∗∗∗

(0.402)
46–47◦C −2.547∗∗∗

(0.613)
≥ 47◦C −3.365∗∗∗

(0.416)

Observations 6,292
Clusters 3,198
R2 0.885

Notes: The dependent variable is log net primary
productivity per hectare per capita. Tempera-
ture variables are shares of growing-season ob-
servations falling in each temperature bin. The
omitted bin is 34–36◦C. The specification controls
for total growing-season precipitation, precipita-
tion squared, and log electors. District and year
fixed effects are included. Standard errors, clus-
tered at the assembly-constituency level, are re-
ported in parentheses. ∗p < 0.10, ∗∗p < 0.05,
∗∗∗p < 0.01.
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