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Abstract
Characterizing the relationship between temperatures and overall economic
productivity remains a key challenge. While some studies have attempted to explain the
micro mechanisms behind the established negative effect of temperatures on aggregate
output, we still do not know much about how such effect takes place and its implications
for firms in developing countries. By using detailed production data from manufacturing,
service, and agricultural firms in Cote d’Ivoire, this paper examines the relationship
between temperatures and firm’s productivity and competitiveness. To guide our
empirical work, we introduce technology adaptation costs into a model of trade with
heterogeneous firms. An empirical test of the model shows that increased temperatures
leads to lower firm profit and higher exit rate of firms from both domestic and foreign
markets. In addition, our empirical results suggest a negative relationship between daily
temperatures and four key firm performance measures: revenue, total factor productivity,
labor and capital productivity. These findings show how higher temperatures in
developing countries translate to decreased competiveness, thus highlighting a newly
measured cost of climate change.

1. Introduction
Characterizing the influence of temperature on economic productivity remains a key
issue both in the emerging field of coupled human-natural systems and in economics
more broadly (Burke et al., 2016). A growing body of literature has found strong negative
effects between historical fluctuations in temperature and aggregate economic
performance (e.g. Dell et al., 2012; Burke et al., 2016). However, most of these studies
are based on aggregate level data and use a cross-country approach, which attributes the
differences across countries to differences in their temperatures, but does not provide
insights on the mechanism behind the observed effects of temperature on economic
activity. Further, while these works suggest that temperatures affect output in sectors
other than agriculture, they have been limited in explaining the consequences of the
observed effects on different sectors in the economy. These differential effects across
sectors are important since they have important implications for the competitiveness of
the economy in the international market. This work seeks to evaluate the relationship
between temperature changes and firm dynamics across multiple sectors of the economy.
We seek to answer this question in the context of an African country, a continent that is
believed to be most vulnerable to rising temperatures. First, we develop a simple model
by adapting a trade model with heterogeneous firms à la Melitz (2003) to analyze the
impact of increased temperatures on firm productivity cutoff for domestic and foreign
market. Second, using a unique, detailed firm-level data set from Cote d’Ivoire coupled
with climate data, we estimate total factor productivity (TFP) measured nonparametrically, using the most recent techniques in the field of industrial organization.
Third, we empirically investigate whether temperatures affect firm productivity and the
mechanism through which such effects manifest themselves. Finally, we test the key
prediction from our model that increased temperatures decreases firm’s profit, export
participation, and exit productivity cutoff.
The model developed in this paper introduces climate adaptation costs into a trade model
with heterogeneous firms. The seminal work of Melitz (2003) on heterogeneous firms
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and trade liberalization has stimulated a large empirical literature investigating the links
between firm’s productivity and competitiveness in the global market. Recently this
literature has been extended to investigate both what types of domestic firms take
advantage of trade openness and also what factors influence their survival in the export
market. This paper adds a new dimension to current trade theory by examining the effects
of temperatures on firm’s productivity and, consequently, firm survival in foreign market.
As is standard in the literature, our model predicts that the least productive firms serve
only the domestic market while the most productive firms export. Our additional insight
is that higher temperatures increases the productivity cutoff to export because it reduces
expected export profits and as a result, some firms make negative revenue and stop
exporting.
In the empirical application we start by using the non-parametric methods developed by
Gandhi, Navarro and Rivers (2017) to estimate total factor productivity (TFP) across the
manufacturing, agriculture, and service sectors. Next, to identify the effects of
temperatures on TFP and firm’s revenue, we exploit year-to-year variation in firms’
exposure to a daily distribution of temperatures, constructed in a series of temperature
bins. We find a strong and statistically significant negative effect between temperatures
and firm revenue and TFP. In our preferred baseline specification, one more day with
extreme temperatures decreases TFP and firm’s revenue by 0.078% and 0.315%
respectively relative to the impact of a day with moderate temperatures. To assess the
potential mechanisms behind the observed effects of temperatures on TFP, we estimate
the effects of temperatures on labor and capital productivity. In various specifications, we
find no evidence that the observed effect of temperatures on TFP is solely explained by
labor productivity, thus, suggesting high temperatures affect capital productivity as well.
The model predicts that while the exit productivity cutoff decreases, the productivity
level required for exporting increases because of higher fixed trade costs. Then to
examine the impact of higher temperatures on firm’s exit, we estimate the change in the
probability that a firm exit as a function of temperatures. We found that an increase in
temperatures results in higher exit rate from domestic and foreign market, demonstrating
the negative effect of climate change on firm’s competitiveness.
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The unique and comprehensive data used in this paper helps overcome many of the
endogeneity and identification issues in the previous literature. Our data span over a
range of manufacturing, agriculture, and service sectors with different levels of
mechanization, ability to control for temperatures, and different level of exposure to
temperatures. Moreover, by having information about the exact address of the plant, we
can identify temperatures at the smallest administrative division where the firm is
located. This unique feature of the data enables us to exploit exogenous variation in
temperatures at different firm’s location and across time to estimate the impact of
increased temperature on firms. In addition, the richness of our data enable us to perform
several robustness checks including different identification strategies, using alternative
sub-samples of the data and temperature measures. These robustness checks allow us to
address potential threats to identification that might come from the concentration of the
majority of firms in few localities in the country, sample selection issues due to entry and
exit of firm and data requirement to estimate non-parametric firm’s productivity. In all
specifications, we find strong support for our main results that high temperatures affect
firm revenue, productivity, and exit rates from domestic and foreign markets.
This paper contributes to a number of different strands of the literature on climate, firms,
and African development. First, by adding insights from the trade literature on
productivity with the climate and productivity literature we make an important advances
to the climate literature. The trade theory framework we use pays close attention to how
temperatures affect competitiveness in contrast to most climate-productivity analyses,
which only focus on the effects of temperatures on firm’s output. Second, we are the first
paper to analyze the effects of temperatures using firm level data in Africa. While this
literature has not yet focused on Africa, there are good reasons to believe that African
firms are most vulnerable to climate change due to missing market of credit, high
vulnerability of their agriculture sector. Moreover, if non-agricultural sectors are
expected to attenuate the effect of temperature shocks by absorbing affected workers in
the African agricultural sector, it is important for adequate climate adaptation policies to
understand how temperatures might also affect non-agricultural sectors.
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Finally, this work also makes important contributions to the broad literature trying to
understand factors affecting the competitiveness of African firms. To design a sound
industrialization policy, which is often suggested as the path for sustainable growth and
poverty reduction in the continent, it is important to understand all the contributing
factors that hold back and constrain African firms. Our results enrich current evidence on
contributing factors to poor performance of African’s firms and in doing so adds a new
dimension to the analysis of the impact of climate change on economic activities in
developing countries.
The reminder of the paper proceeds as follow. The next section reviews the literature and
discusses the mechanisms through which temperature might affect firm productivity.
A theoretical model of firm behavior under climate variability is introduced in section 3,
the empirical framework and the data in section 4, and the empirical analysis in section 5.
The last section concludes and provides policy implications.
2. Literature Review
While globalization has fostered the expansion of higher productivity sectors in most of
East Asia, it seems to have induced the undesirable kind of structural change in SubSaharan Africa- movement of labor from the most productive to less productive sectors
(McMillan and Rodrik, 2011). Despite a multitude of studies that have looked into
potential factors (e.g. weak institutions, political instability, inadequate infrastructures)
trailing behind African firms, there is none on the effect of climate on the manufacturing
sector in the continent. It is possible that low productivity in African firms is related to
climate.
The relationship between temperatures and economic activities has been well established
at the aggregate output level. Using historical fluctuations in temperatures within
countries and GDP information for about 120 countries, Dell et al. (2012) found that high
temperatures reduce agricultural output, manufacturing output, and political stability in
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poor countries. On a similar exercise, using a non-linear estimation methodology, Burke
et al. (2015) showed that increased temperatures affects economic activities not only in
developing countries but in developed countries as well. While these studies have
resuscitated the debate on the impact of climate on broader economic activities, they are
limited in explaining the micro-mechanism behind the observed effects.
Previous studies that used micro-level data have been mainly focused on understanding
the influence of temperatures on agricultural yield (Mendelsohn and Dinar, 1999;
Auffhammer, et al., 2006; Deschenes et al., 2007, Schlenker and Roberts, 2009; Lobell,
et al., 2011). However, despite the economic importance of agriculture in most
developing countries, it cannot alone explain GDP losses due to temperature fluctuations
observed in macro studies. Recently, few studies have investigated the impacts of
climate change on labor productivity and absenteeism (Park, 2016; Sudarshan et al.,
2015; Zivin et al., 2014;and Cachon et al., 2012). Using county level payroll and weather
data from 1986 to 2012, Parker (2016) estimated the impact of heat days on local labor
productivity in the US. He found that an additional day above 32˚C causes a 0.048%
decline in payroll per capita that year and the coldest counties suffer more, suggesting
long-term adaptation given appropriate investment in the hottest counties. Using daily
worker productivity and attendance from Indian manufacturing firms, Sudarshan et al.
(2015) found that intrinsic labor productivity decreases by between 4% - 9% per degree
on days above 27˚C. This is one of the few studies that use firm level data to directly
measure the impact of temperatures on firm’s productivity. They show that an additional
day of high temperature is associated with a 1% - 2% increase in absenteeism of
contracted workers. However, they observe no impact on daily (non-contracted) workers
for whom the cost of absenteeism is high. In assessing the economic implication of their
results, they found that firm output decreases in years of high temperature a little over 3%
per degree-day.
While such pioneering micro studies on the impact of extreme weather on firm’s
productivity (e.g. Cachon et al., 2012; Sudarshan et al. 2015) create a basis for firm level
evidence of temperatures’ effects, they are likely to suffer from external validity issues
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since the scope of their analysis is usually restricted to specific industries within the
manufacturing sector. Moreover, the features of the data (e.g. cross sectional, the lack of
information on firm’s exact location) used in previous papers raised potential
identification concerns about their findings.
At first glance, the relationship between temperature shocks and secondary or tertiary
economic sectors is not obvious. However, there are several ways in which extreme
temperatures can affect the production process of firms. One of the primary mechanisms
identified in the literature is that higher temperatures cause intrinsic labor productivity
loss and a reduction in labor supply (Park, 2016; Sudarshan et al., 2015; Zivin et al.,
2014; and Cachon et al., 2012; Hsiang, 2010). Hsiang, 2010 found that the effect of
temperature on economic output in the Caribbean is structurally similar to the effect of
intrinsic labor productivity. With the exception of Zhang et al. (2016), which document
the relationship between temperatures and firm output, TFP, labor and capital
productivity, most of the previous micro studies have been solely focused on labor
productivity channel. Zhang et al. (2016) found that while the effect of temperatures on
labor and capital are limited, temperatures affect both labor and capital productivity.
Although there are good reasons to believe that temperatures can affect the proper
function of machines or divert investment from productive capital, the impact of
temperatures on capital productivity has been mostly neglected in the climate-firm
literatures.
In many developing countries, temperatures can induce higher industrial production cost.
In warmer seasons, while there is higher energy demand for cooling purposes from both
households and firms, increased temperatures decrease the stream flow of water, which
poses potential operating and efficiency problems for hydroelectric plants- the primary
source of electricity for many countries in SSA. High demand of energy and downward
pressure on electricity and water supply due to hotter seasons lead to poor water supply
and intensive power outages, which poses tremendous handicap to firm production.
According to Kaplinsky et al. (2008), Kenyan firms facing frequent power interruptions
lost significant part of their production despite investing in generators. Most probably
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because of the strict data requirement, there is no study that has investigated energy
interruption as a potential mechanism through which temperatures can affect firm
productivity in Africa.
Finally, increases in input prices could also lead to higher firm’s production costs. Given
the established evidence of the negative impact of temperatures on the efficiency of
agricultural production, especially in the tropics, one would expect that higher
temperatures can affect both the supply and price of agricultural output. This is
particularly of concern for food manufacturing firms or firms that use agricultural output
as intermediate inputs.
As shown by Melitz (2003), exposure to globalization induces the most productive firms
to enter the export market and the least competitive firms to exit. Hence, if we assume
that firms in tropical regions are relatively more exposed to climate change than firms
elsewhere, they will be less competitive in the global market if climate change affects
firm productivity, ceteris paribus. In other words, in a globalized market where firms in
small countries are price takers, climate change can exogenously increases the survival
productivity threshold for firms in climate vulnerable countries.
3. Theoretical Model
This section develops a simple model to study the effects of temperatures on the
competitiveness of heterogeneous firms by introducing climate costs in Melitz style trade
model. This add-on to Melitz model enables us to consider the impact of temperatures on
the behavior of firms, an implication of climate on economic activity in developing
countries that has been missed in previous studies. We consider the case of two small
symmetric open countries affected by high temperatures. Each economy consists of a
single monopolistically competitive industries, where heterogeneous firms produces
differentiated products under increasing return to scale technology, and using a single
factor production as in Krugman (1979). To certain extend, the insights in our model is
close to that of Bustos (2011). However, while Bustos (2011) focuses on the impact of
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increased trade on firm technology upgrading, our model analyses the impact of
increased temperature on firm sorting and exit.
3.1 Set up of the Model
Each country is endowed with L units of labor used by heterogeneous firms to produce
differentiated products in a single monopolistically competitive industry. Firms in each
country can choose to produce either or in both domestic and foreign market. We assume
that temperatures affect the production process of firms. The assumption of symmetry in
production technology ensures that wages (the numeraire) and aggregate variables are the
same in both countries. The model is presented from the point of view of the home
country.
Firm entry. - Each economy is populated with a continuum of monopolistically
competitive firms, each producing a differentiated product under increasing return to
scale technology. Within the industry, firms are heterogeneous in their productivity φ,
and they face fixed entry cost of 𝑓! units of labor. Productivity φ, unknown to firms
before starting production, is drawn from a known cumulative Pareto distributive
function G φ = 1 − 𝜑 !!   with  k > 1.
Temperature Cost. - After observing their productivity, firms decide whether to produce
or exit the market. Upon staying in the market, firms produce goods using a technology
that is vulnerable to high temperatures, that is, firms need to employ 𝛾 𝜃 > 1 units of
labor to produce one unit of a variety that could otherwise be produced with 1 unit of
labor in the scenario of no temperatures effect (𝛾 𝜃 = 𝜃 ∗ = 1), where 𝜃 and 𝜃 ∗ are
respectively the level of current and optimal temperature. Thus the production of each
variety involves a fixed cost (f) and a marginal cost

𝛾 𝜃

φ , both expressed here in

terms of units of labor.
A simple interpretation of the climate variable cost would be the decrease in labor
productivity due to weather condition. As demonstrated in previous studies (e.g. Hsiang,
2010; Sudarshan et al., 2015; Park, 2016), high temperatures reduce intrinsic labor
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productivity through fatigue or discomfort. To certain extend, temperatures can as well
affect capital productivity (e.g. Zhang et al., 2016). For instance, we recall an Ivoirian
entrepreneur saying when temperatures increase, their machine heat up and stop working
until they cool down. Alternatively, climate costs can also be interpreted analogously to
environmental regulations requirements. In order to comply with the carbon emission
regulation in most countries, firms need to make specific investments in production
technology, which might not necessary increase their productivity.
Exporting. - Upon staying active, a firm can choose to serve the foreign market by paying
an additional fixed cost f! 𝜃 , which increase in temperatures (𝜃). A possible
interpretation would be that once productivity are revealed firms would decide whether
they can incur trade fixed costs such as new product design, foreign market explorations
etc. which are all affected by temperatures. Finally, we assume that exported goods are
subject to a per-unit iceberg transportation cost, thus, firms need to ship 𝜏 > 1 units of
goods for one unit to make it to the foreign country. The resulting total cost functions for
firms that serve only the domestic market and those that export portion of their
production are respectively:

TC ! 𝑞, 𝜑 = 𝑓 +

𝑞𝛾 𝜃
𝜑

TC ! 𝑞, 𝜑 = 𝑓 + 𝑓! 𝜃 +

1 + 𝜂(𝜏 − 1 )𝑞𝛾 𝜃
𝜑

where 𝜏 > 1, 𝜂 < 1 is the proportion of total production exported, and the subscripts 𝑑
and 𝑥 stand respectively for domestic producers and exporters.
Demand. - Assuming that firms face an exogenous constant elasticity of substitution
(CES) demand schedule, the demand function for each variety (𝜔) is determined by
= 𝐸𝑃!!! 𝑝 𝜔

q

!!

, where 𝑝 𝜔 is the price of each variety, σ = 1/(1 − ρ) is the

elasticity of substitution between any two goods, P =
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!
𝑝
!

𝜔

!!!

𝑑𝜔

!
!!!

is aggregate

price index, 𝑀 is the number of varieties, and E is the aggregate level of spending in the
economy.
3.2 Firm behavior
Profit Maximization. - under CES preferences the profit-maximizing price of a
monopolistic competitive firm, with productivity 𝜑, is a constant mark-up over marginal
cost. Assuming that the variable cost of production for both markets is subject to climate
shocks, then firms charge the price 𝑝! = 𝛾 𝜃 /(𝜌𝜑) in domestic market and a higher
price 𝑝! = 𝜏𝛾 𝜃 /(𝜌𝜑) in foreign market due to iceberg trade costs. Firms make the
decision of whether to export by comparing the following two profits:
Profits if only serving the domestic market:
𝜋! 𝜑 = 𝛾 Θ

!!!

1
𝐸 𝑃𝜌
𝜎

!!!

𝜑 !!! − 𝑓;

Profits if serving foreign market1 as well:
𝜋 ! 𝜑 = (1 + 𝜏 !!! )𝛾 Θ

!!!

1
𝐸
𝜎

𝜌

!!!

𝜑 !!! − 𝑓 − 𝑓! Θ .

The decisions to stay active and to serve foreign market are represented in Figure 1 (not
yet available), where the two possible profits are depicted as a function of firm
productivity. The equilibrium in Figure 1 is obtained when 𝜑 ∗ < 𝜑 ! where 𝜑 ∗ is the
productivity cutoff for producing in domestic market and 𝜑 ! is the level of productivity
above which a firm only producing for the domestic market finds it profitable to export
𝜋! 𝜑!

= 𝜋 ! 𝜑 ! . This equilibrium results in the sorting of firms into three different

groups: the least productive firms 𝜑 < 𝜑 ∗ exit, the low productive firms 𝜑 ∗ < 𝜑 <
𝜑 ! produce only serve domestic market, and the most productive firms 𝜑 ! < 𝜑  export.

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1	
  Consumer optimization implies that export revenue is a constant fraction (𝜏 !!! ) of domestic market
revenue. Also note that because of consumer loves for variety and fixed production cost, no firm will
export without selling in domestic market.	
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To solve for the industry equilibrium, we first need to define the conditions for exit, entry
in foreign market as a function of the exit cutoff:
Exit. - the least productive firms maximize profit by only selling in the domestic market.
As a result, the exit cutoff productivity 𝜑 ∗ , is defined by:

1       𝜋 ! 𝜑 ∗ = 0     ⟺    𝛾 Θ

!!!

1
𝐸 𝑃𝜌
𝜎

!!!

𝜑 ∗ !!! − 𝑓 = 0

Entering foreign market. - the marginal exporter is indifferent in serving only in the
domestic market, that is, 𝜋 ! 𝜑 ! = 𝜋 ! 𝜑 ! . Combining this condition with the zero
profit condition in equation 1, we can express 𝜑 ! as a function of the exit cutoff
productivity:
𝑓! 𝜃
2       𝜑 ! = 𝜑 ∗ 𝜏
𝑓
!

!
!!!

∗

Note that 𝜑 >    𝜑   as long as 𝜏

!! !
!

!
!!!

> 1. This implies that only the most

productive firms enter foreign market. Because demand is elastic (𝜎 > 1), entering
foreign market will result in higher revenue for firms. Given that the benefit of serving in
foreign market is increasing in productivity and the cost is the same for all firms, after
certain level of productivity, the dominant strategy for all firms is to export.
It is worth mentioning that from equation 2 an increase in temperature shocks (higher
𝑓! 𝜃 ) results in lower share of firms serving foreign market 𝑥 𝜑 ! /𝜑 ∗

!!

. The reason

is that an increase in trade fixed cost decreases the total revenues in foreign market,
which makes it attractive for marginal firms serving foreign market to only serve
domestic market.
3.3 Industry Equilibrium
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Let's assume that anyone can be an entrepreneur by incurring a fixed entry cost 𝑓, which
can be thought of as the cost of developing a new product. The random productivity level
𝜑 of the firm is only revealed to the entrepreneur after she paid the fixed cost. Thus, some
entrepreneurs will leave the market as soon as they enter because their revealed
productivity, 𝜑, is below the level required to break even given the fixed production cost
𝑓! . The number of firms (M), the equilibrium price (P), and the distribution of active
firms are governed by the free entry condition. Free entry requires that firm ex ante
profit is equal to zero, that is:
3       𝑓! = 1 − 𝐺 𝜑 ∗
where 1 − 𝐺 𝜑 ∗

!
!

,

is the probability of successful entry, 𝜋 = (𝜋! + 𝑝! 𝜋! ) is expected

profit, 𝜋!   is expected domestic profits conditional on successful entry, 𝜋! is expected
export profits conditional on exporting, and 𝑝! = 1 − 𝐺 𝜑 ! / 1 − 𝐺 𝜑 ∗

is the

probability of exporting conditional on successful entry. It is important to note that in a
standard Melitz model, a firm decision to exit are based on their long run profit and
consequently expectation over future temperatures should be taken into account.
However, to make modeling simple and given our context, developing country with
credit constraint, short term cash flow can be critical to firm survival. For this reason, we
will assume that short term profit motivate firm’s decision to exit. Before solving for the
exit cutoff, we first need to derive the expected profits 𝜋, details of the derivation are in
Appendix A:
!!!

4       𝜋 = !!!!! fΔ
  Δ = 1 + 𝜏 !!

𝑓! Θ
𝑓

!!!!!
!!!

We can now solve for the exit cutoff by substituting equation (4) in equation (3):
𝜎−1 𝑓
5       𝜑 ∗ =
Δ
𝑘 + 1 − 𝜎 𝛿𝑓!
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Finally, by substituting equation (5) in equations (2), we solve for the cutoff productivity
for exporting:
𝜎−1 𝑓
6       𝜑 ! =
Δ
𝑘 + 1 − 𝜎 𝛿𝑓!

!
!

𝑓! 𝜃
𝜏
𝑓

!
!!!

Discussion. – From equation 4, it is straightforward to show that expected profit and the
exit cutoff decrease with an increase in temperatures, which induces an increase in trade
fixed costs. The decrease in profit is mainly from the export sectors since firms in
domestic market can fully pass the cost of temperature to consumers. The decrease in
expected profits discouraged more entry into the industry. Then the reduction in entry
increases the price index, and consequently firms serving only the domestic market make
more revenue. As a result, the least productive firms make profit and stay in the market,
which further pushes down their exit productivity cutoff. On the other hand, an increase
in trade fixed costs further pushes up the productivity level required to export. An
intuitive explanation is that, because of our asymmetric assumption, an increase in
temperatures reduces the number of foreign firms in home market; therefore, reduce the
level of competition for firms only serving domestic market. As a result, some domestic
firms that were making negative profits now earn positive revenues and stay active. All
the above results are formally discussed in the next section.
3.6 Increased Temperatures
In this section we analyze the impact of increased temperatures on firm productivity,
profit, exit from domestic and foreign market. We show in Appendix B that when
temperature shocks increase, which induce an increase in trade fixed costs:
i.

Expected profit decreases, that is, 𝜕𝜋/𝜕𝜏 𝜃 < 0.

ii.

The exit productivity cutoff in domestic market decreases, that is, 𝜕𝜑 ∗ /𝜏 𝜃 < 0

iii.

The exit productivity cutoff for exporting, that is, 𝜕𝜑 ! /𝜏 𝜃 > 0
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Discussion. - The model outlined above generates testable implications of the effect of
temperature shocks that we will evaluate in the empirical section. The key results in our
model is that an increase in temperature shocks (which increases the marginal cost of
production and the fixed cost of exporting) makes survival easier in domestic market
while making more difficult for firms to survive in foreign market (results 2 and 3). This
result is due to the asymmetric effect of temperature shocks on domestic firms and
exporters: while domestic firms can pass the cost of temperature shocks on consumers
and make more revenue due to the reduction in entry, exporters lose revenues.
Intuitively, this result could be that when a small open country experience climate
shocks, while domestic firms are less affected exporters lose in competitiveness because
they are price taker. The overall effect reduce expected profits, thus discourage new
entry, and makes domestic sales more attractive compare to exports. To certain extend
this can help understand the phenomena of a large competitive service sector in countries
that have not experience any level of industrialization.
4. Data and Empirical Framework
4.1 Empirical Framework
We will test the following implications of our model: First, does temperature shocks
affect firm's productivity? Second, how an increase in temperature shocks affects the exit
cutoff in non-tradable sector? And finally, how does an increase in temperature shocks
firm affect firm exit from the tradable sector? Although that is beyond the scope of our
model, we will try to understand the different mechanisms through which temperature
shocks affect firm productivity.
Our empirical strategy for studying the impact of temperature shocks on firm's
performance is to regress firm's total factor production (TPF) measures, estimated using
the GNR approach, on the temperature shocks and other control variables. Our key
regression is thus specified as:
7     log 𝑌!" = 𝛼! +    𝜃! +   𝛽′𝑡𝑒𝑚𝑝!" + 𝛿′𝑋!" + 𝜀!"   
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where Y!" denotes firm 𝑖 revenue, TFP, or labor productivity in year 𝑡. Firm fixed-effect
and district fixed-effect are respectively represented by 𝛼!   and  𝜃! . While firm fixedeffect controls for firm specific time invariant characteristics, district fixed-effect controls
for shock inherent to each district, such as climate trends, the quality of institution, and
policy shocks within the geographical district. The key explanatory variable, 𝑡𝑒𝑚𝑝!" ,
measures temperature shocks at firm’s 𝑖 location in year 𝑡. To capture the non-linear
effect of temperatures on economic activities, 𝑡𝑒𝑚𝑝!" is constructed in series of
temperature bins [𝑏𝑖𝑛!"!, , … , 𝑏𝑖𝑛!"# ], in which 𝑏𝑖𝑛!"# represents the number of days
falling into the nth temperature bin for firm i in year t. Other control variables including
production factors, firm's characteristics, and precipitation are included in vector 𝑋!" .
Finally 𝜀!" is the error term.
Unlike previous studies, we estimate the effects of both increased temperature and
temperature volatility on firm's productivity. To test the potential mechanism of
transmission of our effects, we augment equation (14) with terms that interact weather
variables and the production factors likely to be affected by the weather. Given increasing
evidences of temperature on firm's activity (e.g. Zhang et. al., 2016; Sudarshan et al.,
2015), we will extend the analysis by also looking at the implication of the effects of
temperature shocks on firm’s exit by estimating the following equation:
8      Exit !" =    α! + α! temp!" + α! age!" + 𝑋!"! 𝛿 + 𝜖!"
where   𝐸𝑥𝑖𝑡!" is the dummy variable for firm's exit or exit from export, 𝑡𝑒𝑚𝑝!"   and  𝑎𝑔𝑒!"
denote respectively the temperature variable and the age of the firm, 𝑋!" are controlled
covariates, and 𝜖!" the error term.
4.2 Data and Construction of Variables
We use two sources of data to analyze the impact of temperature shocks on firm’s
dynamics. Firm-level data from the Registre des Entreprises de Côte d'Ivoire, covering
the universe of registered firms in Côte d'Ivoire from 1998-2013, are collected by the
National Institute of Statistics (INS). Since almost all the establishments have only one
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branch, we will refer to establishment as firm instead of plant. The data contains
information on sales (domestic, and exported), inputs, employment, ownership status, and
operating costs of all formal agricultural, manufacturing, service, and trade
establishments in the country. The records distinguish between public enterprises, private
domestic firms, and foreign firms.
Given the focus of our analysis, we exclude associations, public administrations, and
firms in health, sport, education, and personal beauty industries from the sample. We also
exclude firms with zero or missing values of key variables as well as firms with values
outside the range of 1 to 99 percentile. Because of permanent firm’s exit and possibly the
temporary lapses of some firms in filing their balance sheet information, the structure of
the data is unbalanced panel.
All monetary variables used in the analysis are converted in real terms using the country
GDP deflator from the World Bank. This help to mitigate the input-quality or markup
differences across times that are incorporated in prices. Using firm location information,
we merge firm level data with temperature and precipitation data from Surface
Meteorology and Solar Energy developed by the Atmospheric Sciences Data Center at
the Langley Research of the US National Aeronautics and Space Administration
(NASA). The climate dataset contains daily average temperature and precipitation
information at a 0.5X0.5 grid degree resolution.
The Capital (K) is measured by the total value of fixed assets in the book values. Labor
is represented by the total number of internal permanent and seasonal employees and the
total wage bill of all internal workers. Investment (I) is the sum of the value of new
investment in machinery and vehicles. Intermediate inputs (M) are defined as the sum of
expenditure on raw materials, other goods, and services. While firm’s entry year is
directly observed in the data2, we estimated firm’s exit status. Using firms unique account
number as identifier, we are able to distinguish permanent exit from temporary lapse in
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
2	
  The dataset is a census of all formal firms in the country therefore, entry of new firms is observed on a
yearly basis.	
  
	
  

17	
  

reporting or change in the name of the firm. The ability to detect true exit and entry
provide a significant advantage for our data compare to similar data from other countries
(Klapper, 2015). Finally, firm revenue (Y) is the value of total sales of all finished goods.
4.3 Productivity Estimation
Our measure of productivity is based on the production function estimated by the method
of Gandhi, Navarro, and Rivers (2013, GNR henceforth). One of the critical issues in
identifying firms production function is the possibility that there are factors influencing
production that are observed by the firm but not by the econometrician. In such a case,
estimating the production function using the ordinary least square method leads to biased
and inconsistent estimates of productivity parameters. Concerned by the potential
simultaneity issues, recent empirical studies have used production function estimation
based on the "proxy variable" approach (Olley and Pakes, 1996 (OP henceforth);
Levinsohn and Petrin, 2003 (LP henceforth); and Ackerberg, Cave, and Frazer, 2006,
(ACF henceforth). The objective of these methods is to get around the identification issue
by inferring the productivity from the observed firm's input choice. However, it has been
pointed out by ACF that the early "proxy variable" approaches as well suffer from
identification issues, therefore, they propose an estimation method built on OP and LP
but does not suffer from the timing and dynamic implications of input choices (Parrota et
al. 2014).
On the other hand, GNR, the first paper to show non-parametric identification of the
production function with flexible and quasi-fixed inputs, also argues that the ACF
approach suffers from identification problem when input choice is flexible. They solved
the flexible input identification issue by transforming the firms first order condition in a
gross output specification. While the debate on what is the best econometric approach to
estimate production function parameters is still open, there is no doubt that the GNR
method provides an improvement over the other production function estimation
techniques.
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5. Empirical Analysis
5.1 Descriptive Statistics
Table 1 provides an overview of the merged firm level and weather data. Information on
firms with missing variables, panel length and sub-sector length are reported in appendix
Table A5, Table A6, and Table A7. The clean full sample includes 8, 979 unique firms
or 34,670 firm-year observations. The skewed distribution of key variables in the sample,
as common to firm data from most developing countries, suggests that our economy is
mainly composed of small firms and few very large firms. From 1998 to 2013, the
median and average value of firm’s revenue are and $259, 800 and $1.861 million
respectively and the median and average firm size are 9 and 40 employees respectively.
Firm entry and exit rate over the 16 years period are respectively 18.6% and 9.9%.
Despite the presence of firms in most of the regions, as it is the case in many developing
countries, a large proportion of firms are concentrated in the capital. Figure 1 depicts the
average number of firms in each region during the period of 1998-2013. Generally, there
is a large presence of firms in coastal regions, Abidjan and San-Pedro, in the north and in
the west. The figure suggests that there is no formal economic activity in the center of
the country.
Weather records for 1998-2013 are extrapolated from Surface Meteorology and Solar
Energy developed by the Atmospheric Sciences Data Center at the Langley Research of
the US National Aeronautics and Space Administration (NASA). This dataset has been
extensively validated by ground level measurements. However, larger errors were found
in surface where the site data did not represent the entire grid box, which is likely, the
case in our study country (Konzelman et al., 1995). An alternative source for weather
data would be ground level data from local weather stations. However, given a poor
spatial and temporal coverage of weather stations that report ground level temperature
and rainfall readings, it is less likely that such data would be of higher quality than
reanalysis data. Reanalysis data solve the potential bias concerns about ground level data
in developing countries due to the lack of coverage and the variation in data quality from
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different location by combining data from ground stations and satellites using climate
models. This type of data is been widely used by economist in both developed and
developing countries to analyze the impact of climate on economic activities (e.g. Dell et
al., 2012; Somanathan et al., 2015; Zhang et al., 2016).
Temperature and precipitation are calculated using daily observations. While temperature
is calculated as annual mean, precipitation is estimated as annual cumulative value using
daily observations. To facilitate the comparison of our results with previous works (e.g.
Hsiang, 2010; Somanathan et.al, 2015), we define our temperature shock variable to be
the number of days with average temperature above 27 °C. Also this number seems to be
a good breakpoint in our case study since the historical average daily temperature for the
period 1990-2013, is 25.85 °C with a standard deviation of roughly 0.65. As such, our
temperature shock breakpoint, 27 °C, is 1.77 standard deviation above the historical daily
average temperature. Figure 2a and 2b represent respectively the distribution of daily
temperatures over years and regions. The regional heterogeneity in the number of hot
days is depicted in Figure 3. Hot days are observed in both in the north and south of the
country. For a robustness check to our baseline results we use a different breakpoint. In
the sample, the average number of days in the sample that fall into the 3 temperature bins
- below 25 °C, between 25 °C and 27 °C, and above 27 °C - are respectively 29 days, 193
days, and 143 days.
5.2 Baseline Results
Table 2 contains the baseline results of the estimation of equation (7). To avoid
multicollinearity, we omit the bin with number of days between 25 and 27°C.
Consequently, the coefficients for other bins indicate the effect of temperature relative to
the reference bin. In general, we find economically meaningful and statistically
significant negative effects of high temperatures (above 27°C) on firm's revenue and
productivity as depicted in Figure 4. The main findings are robust whether we use a
different measure of TFP, a different temperature shock breakpoint, or control for lagged
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temperatures. Furthermore, the null hypothesis that the effects of all the temperature bins
are jointly equal to zero, are rejected in the main baseline regressions.
In all the regressions, firm fixed-effect and district fixed-effect specification are used. In
the first columns (1), (3), and (5) no other variable except rainfall are controlled for. The
second columns (2), (4), and (6) represent the baseline results. They differ from the first
in that all key firms characteristics including labor, fixed asset, and age are controlled for.
Throughout columns (1)-(6), temperatures bins are constructed using daily mean
temperature. In columns (3) and (4), the independent variable is TFP estimated using
Grandhi-Navarro-Rivers method and in columns (5) and (6) TFP is measured using
Ackerberg-Caves-Frazer estimator to check the robustness of baseline results to an
alternative TFP measure.
Our baseline results indicate that one more day with average temperatures above 27°C
decreases firm revenue by 0.315% relative to the impact of temperature between 25°C
and 27°C, while it reduces TFP by 0.078%. Using the average aggregate revenue in the
sample ($4.12 billion), this suggests that one more day with temperature above 27°C
decreases total average firm revenue by $13 million compared to the impact of
temperature between 25°C and 27°C. On the other hand, we generally finds that days
with temperature below 25°C have no effect on economic activity. In general, controlling
for firm key characteristics produces different estimates, suggesting that the effect of high
temperatures on firms is heterogeneous.
5.2.1. Robustness
It is important to assess whether the strong relationship between economic activity and
weather established in baseline regressions is causal. Our identification is from plausibly
exogenous variations in temperature within firms over time after controlling for firm
specific characteristics and shocks common to districts where firms are located. There
are, however, a couple of potential issues that can affect our results. First, the
concentration of firms in few locations creates potential problems for our identification of
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the effects. As in many other developing countries, most of the formal economic activity
in Côte d'Ivoire is concentrated in the capital, Abidjan. As such, while the level of
temperatures changes overtime, the majority of the firms in our sample experience more
or less the same level of temperature for a given period. Second, there could be a
legitimate concern that our baseline results include effects other than the effects of high
temperatures such as time or different political crisis effects on firm revenue and
productivity. Third, because of the requirement of productivity estimation, missing data
issues, and entry and exit of firms over time, our main specification is estimated using an
unbalanced sample of firms. As a result, selection issues could threaten the validity of our
baseline findings. Finally, it could be argued that our measure of temperature shock is a
not a good enough proxy for the true temperature shocks observed by firms. One could
also think that it is not only the level of temperature that affects economic activity but
also the variability of temperature, which increases with climate change. We perform
several robustness checks, reported in the appendix, to address all the above issues.
Table A1 shows how robust our baseline results are to increasing variation in temperature
measures. To introduce more variation in the location of firms, and consequently in our
temperature data, we gather new temperature measures for firms located in the south-east
of Abidjan, including neighborhood near the coast, and match them with our firm data.
To test whether there is any variation between new temperature measures, southeast
Abidjan, and the former temperature measures of the region of Abidjan, we estimate the
correlation between the two temperatures measures. As it can be seen in Table A1.2,
there are some variations left in the temperatures of south-east Abidjan that are not
explained by the regional temperature measures of Abidjan. Thus, dividing Abidjan into
two zones slightly increases the variability in our temperatures measures for a given
period in time. The results when Abidjan is divided in two zones are similar to our
baseline results. Namely, an increase in the number of days with hot temperatures
reduces both firm revenue and productivity. In section two of Table A1, we attempt to
provide an alternative identification strategy by relying on sectorial vulnerability to
temperatures. The effect of temperature on revenue and TFP might differ across sectors
because of the difference in climate exposures, resistance to temperatures, or simply the
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use of climate adaptation technology such as air conditioning. Given our lack of
information on individual firm vulnerability or adaptation strategy to temperature shocks,
we assume that firms that perform most of their activity outdoor, agriculture and
construction, are more vulnerable to temperatures. The results are qualitatively similar
to our main results. When the interaction between temperature bins and outdoor activity
are including in the regressions, the coefficient on the interaction terms is negative but
not significant, except in column (3), and the effects of temperature shocks reduces
slightly compared to the effect in the main regressions suggesting that outdoor activity
are more vulnerable to high temperatures.
In the last section of Table A, we control for conflict years. Côte d'Ivoire experienced two
major crisis over the past 15 years. In September of 2002 a military mutiny led to a
rebellion that ended up splitting the north and the south of the country from 2002 to 2007.
While the conflict was not intense throughout the whole period of 2002-2007 that many
people refer to as "no peace no war period' it has an impact on firm productivity as
suggested by Klapper et al. (2015). Also, in 2011 the country has experience for a short
post-election crisis. Although the second crisis was very short, it might also as well
affected economic activity. After controlling for conflict years, we still find similar
estimates of the effect of temperatures although the magnitude is somehow slightly
smaller than the ones found in the baseline.
Based on results in Table A1, we conclude that our baseline results are robust to
alternative identification strategy. Furthermore, the fact that we are able to find
statistically significant effects in our baseline results despite the heavy concentration of
firms in Abidjan suggests our result would have been even stronger if firms were evenly
distributed throughout the country.
Table A2 presents the results from several robustness checks on alternative sub-sample of
the data. First, we replace the clean sample of firms from the baseline specification by a
larger sample of firms by only dropping firms with missing sales. Since we cannot
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estimate productivity measures used in the main specification using this sub-sample3, we
proxied TFP by value added per capita, estimated for firms, which reported positive value
added. In both estimations, we find similar qualitative results on firm revenue and
productivity, with the effects on value added per capita somewhat larger in magnitude
than the effects on our TFP measures in baseline regressions. Finally, we dropped firms
with gaps appearance in the panel to test the sensitivity of the baseline results the
structure of the panel data. As shown by the results, the effect of high temperature on
firm’s revenue and productivity is similar to the findings in the main regressions. Results
in Table A2 provide strong evidence that our baseline results are not driven by the
structure of the data. In all the specifications with different sub-samples, we the effect of
high temperatures on firm revenue and productivity remains negative, large, and
statistically significant.
In Table A3 we run our baseline specification using alternative measures of temperatures
shocks. First, instead of 27°C, we define the number days with temperature above 27.5°C
as our new threshold for temperature shock and the number of days with temperature
between 25°C and 27.5°C as the new reference bin. Our choice for 27.5°C is motivated
by the fact that only very few regions in the dataset experience daily average temperature
beyond that level. For instance, seventeen out of the twenty regions in our sample
experience at least a year with no daily average temperature beyond 28°C. As the result
indicates, the estimates of the effect of high temperatures on firms are nearly identical to
our baseline results when we re-define a different breakpoint for temperature shock.
Table A3 also presents results using alternative measures of temperature shocks. As
mentioned above, it could be the case that our measures do not well capture the effect of
temperatures on economic activity. To compare our baseline estimates to estimates using
other measures of temperature shocks, we re-estimate equation (14) by replacing
temperature bins by average temperature and the coefficient of variation (CV) and the
anomaly of deviation (AD) of daily temperatures respectively. While results of
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
3	
  The estimation of TFP using either GNR or ACF method requires non-missing values for not only firm
revenue but also capital, labor, and intermediate inputs. That is the reason why the sample used in the
baseline specifications is a smaller sub-sample of the data.	
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robustness checks using average temperature, qualitatively suggest that an increase in
average temperature negatively affect economic activity, the magnitude of the estimates
is way too big and not statistically significant. This could be explained by the fact that
yearly average temperature is a very poor indicator of temperature shocks. Results using
the variability in daily average temperatures, CV and AD, also suggest that they poorly
capture the effect of temperatures on economic activity when compare to temperature
bins used in our main specification. While regression estimates suggest that high
coefficient of variation of daily temperatures is negatively corrected with economic
activities, the estimates of the effect are often very large and not statistically significant.
The magnitude of the coefficient on the anomaly of deviation are more reasonable but not
statistically significant in any of the regressions. The weak and inconsistent estimates of
the effect of CV and AD suggest that temperature variability is not a major driver of the
effects of temperatures on economic activity.
Finally, Table A4 shows that our baseline results pass three important tests of whether the
effect of high temperatures observed is spurious or not by replacing them with a placebo.
First, we replace the number of days within each temperature bin at region r in year t by
the number of days within each temperature bin at region r in year t+1. In other word, we
replace current temperature measures by forward temperature measures. As expected,
results in Table A4 indicate that an increase in the number of days with forward
temperature above 27°C has no significant effect on neither firm’s revenue nor firm’s
productivity. However, we find negative and statically significant effect of the number of
days with forward temperature below 25°C on firm revenue and TFP using GNR method,
which we believe are due to randomness. Second, we replace the number of days within
each temperature bin of a region by the number of days within each temperature bin of
the most distant region without replacement. For instance, suppose that Tonkpi region is
the most distant region to Abidjan. Instead of using the daily temperatures of Abidjan to
construct temperature bins, we use the daily mean temperature from Tonkpi to construct
temperature bins in Abidjan and vice versa. Finally, in the same spirit, we swap
temperatures measures for the closest region. All the placebo regressions strongly suggest
that our results are not spurious. Swapping temperatures of different regions could be
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thought of as introducing more measurement errors in temperature measures. As
expected, while the regression results when temperatures for the closest regions are
swapped (e.g. introducing less measurement error) are close to our baseline findings,
results when temperatures for the most distant region (e.g. introducing more
measurement error) are exchanged are completely different to our baseline results.
To conclude the results of this section, our baseline results are consistent and robust to
different identification strategy, controlling for conflict years, using alternative subsamples of the data, different temperature bins, and placebo temperature measures. In
most cases, we find strong support for our main results that high temperatures affect both
firm revenue and productivity. In the next section, we examine the channel through
which such effect takes place.
5.3. Mechanism of Transmission
5.3.1. Effects on labor and capital productivity
Given the importance of the established negative effects of high temperatures on firm
revenue, our next focus is to understand the mechanisms through which such effects took
place. Unlike previous studies, which have been mainly focused on labor productivity as
the mechanism though which high temperatures affect economic activities (e.g.
Somanathan et al., 2015; Graff Zivin, Jisung, 2016) we decided to test whether capital
productivity, is as well a viable channel through which temperatures affect firm activity.
Since TFP can be thought of as a weighted average of labor and capital productivity, then
it can be tested whether the observed effects of temperatures on TFP are through labor or
capital productivity or both. Because of our inability to estimate labor and capital
productivity separately in a Cobb-Douglas production function, we use wage per capita
and the price of capital - imputed from total value added minus total wage bill, divided by
net value of fixed assets as a proxy for labor and capital productivity, respectively.
We could also directly test whether the observed effect of temperatures on TFP is solely
originated from labor productivity by including an interaction of labor-intensive variable
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(firms with higher labor per sales) and temperature shocks in equation (7). However,
there are a number of potential issues that can result from such estimation. First, both
labor and sales might change because of temperatures. If temperature shock decreases
firm value added, then for the same number of employees (e.g. same number of workers,
produce less), what is the impact on sales? If price does not change, sales decrease too,
and labor intensity will increase. If price moves up due to excess demand, effect on labor
intensity is ambiguous. Second, there might be more variability to the labor supply of
more weather dependent firms or possibly a difference in labor supply between firms that
can adjust labor and others that will keep them idle, at the expense of the level of wage.
For the above reasons, our preferred estimation approach is to directly test the effect of
temperatures on labor and capital productivity using proxy. As a robustness check, we
run the interaction term approach. Given that labor supply might be endogenous to
temperatures, we define labor intensity in the initial year, as a market for firm reliance to
labor. However, we are conscious this definition prevents labor intensity status to change
of overtime, which is likely to create other bias if firm labor change overtime for reasons
that are not related to weather.
Table 3 represents the effect of temperature on labor and capital productivity. Regression
models are estimated using equation (7) with the exception that in columns (3) - (6), we
include the interaction between labor intensity and different temperature bins. In columns
(3) and (5) labor intensity is defined as either below or above the mean. As such, laborintensive firms are classified as firms with initial labor over sales above the mean value.
Similarly in columns (4) and (6) labor intensity is defined based on the median value, and
consequently firms with value above the median as classified as labor intensive.
Regressions in column (1) and (2) suggest that one more day with higher temperatures
reduces labor and capital productivity by 0.149% and 0.573% respectively. Using
average labor and capital elasticity from our GNR and ACF productivity estimation, the
weighted sum of the affect of on labor and capital productivity suggest that high
temperatures reduce firm productivity by 0.124% and 0.051% respectively. These effects
are in the range of what we found in our baseline result as the effects of high
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temperatures on TFP. If the effect of temperatures on TFP is mainly through labor
productivity then we expect the interaction term between labor-intensive firm and
temperature shocks to explain most of the effects of temperatures on TFP. While we
found statistically significant negative coefficients on the interaction terms in column (3)
and (5), results in columns (4) and (6) suggest that temperatures affect capital and labor
productivity similarly. As such, we only have little evidence that the effect of
temperatures on TFP is only driven by labor. Since TFP is the weighted average of labor
and capital productivity, one can conclude that high temperatures also affect capital
productivity.
5.4. Effects of Temperature on Firm Exit and Export Exit
Results of the estimation of equation (8) are in Table 4. Before starting the interpretation
of the results, it is important to note that the results in columns (4)-(6) should be
interpreted as conditional on starting to export since exit from export is defined as a
switch from exporting to non-exporting.
The first columns (1) and (4) present results using current temperature. The second
columns (2) and (5) differ from the first columns because of the addition of temperature
bins lagged by one-year. The third columns (3) and (6), besides one-year lagged also
include two-year lagged of temperature bins. As expected when current temperatures are
used, we find no effect of temperature on either firm exit or exit from export. However,
once one-year lagged temperature bins are included, we find negative and statistically
significant effect of high temperature on firm exit but still, we fail to reject the hypothesis
that the effect of temperatures on export exit are jointly zero. After controlling for oneyear and two-year lagged temperature bins, we find negative and statistically significant
effects of high temperature on export exit as well. The results in columns (1c, 2c)
suggest that one more day of one-year lagged temperature above 27°C increase the firm
probability to exit and exit from foreign market by 0.00145 and 0.000801 percentage
point respectively.
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6. Conclusion
In this study, we have argued that higher temperatures affects firm’s productivity and
addressed the channels through which such impacts might take place. We find that one
more day with average temperatures above 27°C decreases firm revenue by 0.315%
relative to the impact of temperature between 25°C and 27°C, while it reduces TFP by
0.078%. Using the average aggregate revenue in the sample ($4.12 billion), this suggests
that one more day with temperature above 27°C decreases total average firm revenue by
$13 million compare to the impact of temperature between 25°C and 27°C.
We also find negative and statistically significant effects of high temperature on firm exit
and exit from foreign market. Our results suggest that one more day of one-year lagged
temperature above 27°C increase the firm probability to exit and exit from foreign market
by 0.00145 and 0.000801 percentage point respectively, everything else held constant.
Unlike previous works on climate change and firm’s productivity, this paper extends the
literature by analyzing not only the effects of extreme high temperatures on firm’s
productivity but also by providing a new evidence on the mechanisms through which
such effects take place. Further, our paper adds a new dimension to the analysis of the
influence of climate change on economic activities and perhaps shed more light on the
dynamics of firms in SSA, a place where firm’s behavior are less studied.
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