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Abstract:
Climate change researchers predict a dramatic increase in global average
temperature over the next decades. We use past temperature and precipitation
fluctuations to investigate whether changes in temperature and precipitation are
associated with decreases in economic growth. A GMM panel regression is used to
analyze the effects of the average yearly heat index and precipitation on economic
growth in 105 countries for the time period 1991-2009.
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I. Introduction
The last decades were the warmest in the last half millennium (Luterbacher et al.
2004) and climate change researchers predict further increases in global
temperatures (IPCC 2013). While climate change and its general impacts are
extensively discussed in the literature, economic impacts are mainly studied by
theoretical modeling (e.g., Bosetti et al. 2008, Eboli et al. 2009 and Bosello et al.
2012). Empirical studies of the impact of climate on economic growth focuses on
the effects of climatologically extreme events (e.g., Skidmore & Toya 2002, Toya
& Skidmore 2007, Noy 2009, Aurangzeb & Stengos 2012, Loayza et al. 2012,
Strobl 2012 and Fomby et al. 2013).
Regular weather conditions can also impact economic growth. Barrios et al. (2010)
find that rainfall is an important determinant for growth in African countries. Such
regular weather conditions will change due to climate change. For example, the
global average temperature is expected with high confidence to increase by 2°C
or more during the current century compared to baseline averages from 18501900 (IPCC 2013). Although there is no similar, clear global trend in humidity and
precipitation, both of which are highly relevant for a broad range of physiological
processes, these variables are expected to change significantly, with varying
effects on different regions. We will use yearly fluctuations in heat index, a
physiologically relevant measure of perceived temperature based on humidity
and temperature, and precipitation in 105 countries to estimate the effects of
weather on economic growth. A GMM panel regression is used and different
country groups, which are defined according to the economic development and
the baseline climates in each country, are studied separately.
We find negative effects of increases in heat index on economic growth,
especially in warm, well developed countries. Positive effects are found for
increases in precipitation in well developed countries with low average
precipitation. The remainder of the paper is structured as follows. The next
section provides the theoretical arguments. Section three describes the data and
method used. The results are presented and discussed in Section four and Section
five concludes.

II. Theoretical background
We consider two main connections between weather and economic growth: The
direct effects of weather on the agricultural sector and the effects of weather on
the health and well-being of people, which impacts on their working capabilities.
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Weather has a direct influence on crops. Especially low rainfall leads to poor
harvests or even crop failures. Therefore, low rainfall has a negative impact of
economic growth (Barrios et al. 2010). Similarly, in countries with low average
temperatures a decrease of temperatures might shorten the plant growth period,
also negatively impacting harvests. These effects of weather on crop output
should impact economic growth most strongly in countries that depend crucially
on the agricultural sector. In these cases, bad weather decreases economic
output, which leads to a lower total factor productivity in growth models.
In addition, weather impacts people's health and well-being. Especially hot
weather is well-documented to have a negative impact on health as well as the
working productivity of people (Kjellstrom et al. 2008). A higher heat index, a
physiologically grounded measure of comfort based on relative humidity and
temperature, can be expected to lead to decreases in productivity and, hence,
economic output. This should especially hold for warm, humid countries. To sum
up, weather conditions can be expected to influence the productivity of national
economies. We use the standard Cobb-Douglas formulation for modeling changes
in economic output (Y) in dependence of changes in capital (C), human capital (H)
and labor (L), which is inspired by endogenous growth theory (Lucas 1988 and
Romer 1990). Since weather is assumed to influence productivity, the weather
variables enter the growth equation as usual in the literature (e.g., Wang 2009) as
additional terms explaining growth:
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with Pit denoting the number of inhabitants and Δ standing for the difference
between the value at time t+1 and the value at time t. Two variables are used to
describe weather: W1,it stands for the mean daily precipitation in each country
and year, and W2,it stands for the average heat index in each country and year.

III. Data and method
In total we collected the necessary data on 105 countries, excluding oil exporting
countries as usual in the literature (e.g., Bond et al. 2010). Since in the years
1990 and 1991 some East European countries were dissolved and new countries
founded, we analyze the time period from 1991 to 2010. The Penn World Table
(PWT8.0) provides data that is frequently used in the literature to study economic
growth. It contains data on the output-side real GDP at current PPPs (Y), the
capital stock at current PPPs (C), the numbers of persons engaged in each country,
which is used as a proxy for the labor input here (L), an index that approximates
the human capital per person on the basis of years of schooling and returns to
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education (H), and the population (P) of each country as well as export and import
rates, which are used as instruments.
Weather data was taken from the ERA-Interim reanalysis (Berrisford et al. 2009).
The original data was remapped onto a regular latitude/longitude grid using
bilinear interpolation. Monthly means of daily mean precipitation were computed
by summing monthly means of daily convective and large-scale precipitation for
each grid cell. Monthly means of the heat index were computed from monthly
mean temperature and relative humidity, whereas relative humidity derived from
temperature and dewpoint at 2m above ground (Stull 2000):
112−0.1𝑡+𝑡𝑑 8

𝑅𝐻 = �

112+0.9𝑡

�

(2)

whereas RH is the relative humidity, t the temperature and td the dewpoint
temperature in degrees Celsius. The heat index HI was computed using the
methods employed by the National Weather Service (2014), based on (Rothfusz
1990):
𝐻𝐼 = 1.1𝑡 + 0.047 ⋅ 𝑅𝐻 − 10.3

(3a)

whereas temperature was measured in degrees Fahrenheit. In cases where the
average of the temperature and the computed heat index was above 80°F, the
full regression equation was used:
𝐻𝐼 = −42.379 + 2.04901523 ∗ 𝑇 + 10.14333127 ∗ 𝑅𝐻 − .22475541 ⋅ 𝑇 ⋅ 𝑅𝐻 − .00683783 ⋅ 𝑇 2
−.05481717 ⋅ 𝑅𝐻 2 + .00122874 ⋅ 𝑇 2 ⋅ 𝑅𝐻 + .00085282 ⋅ 𝑇 ⋅ 𝑅𝐻 2 − .00000199 ⋅ 𝑇 2 ⋅ 𝑅𝐻 2
(3b)

If the full regression was necessary, it was adjusted if A) the relative humidity was
less than 13% and the temperature was between 80 and 112°F or if B) the
relative humidity was greater than 85% and the temperature was between 80 and
87°F. In the case of A), the following was subtracted from the computed heat
index:
13−𝑅𝐻
4
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∗�
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(4)

In the case of B), the following was added to the computed heat index:
𝑅𝐻−85
10

∗

87−𝑇
5

(5)

After computing monthly means for heat index and precipitation for each cell, the
monthly means were aggregated to yearly means. The yearly means were
aggregated spatially to the appropriate countries.
In recent years it has become common in the empirical economic growth
literature to use panel GMM regressions, which allow to test for causality with the
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help of instrument variables (e.g., Hasan & Tucci 2010, Vu et al. 2012 and Museru
et al. 2014). We follow this approach and use lagged variables and export and
import rates as instruments, as is usual in this literature. Time and country fixed
effects are included in the estimations.

IV. Results
Examining the impact of heat index and precipitation fluctuations on economic
growth for the whole country sample does not lead to any significant results.
Hence, there seems to be no general dependency that holds uniformly for all
countries. However, as we argued above, less developed countries, in which the
economy depends more on the agricultural sector, should be influenced different
by weather than more developed countries. Therefore the sample is divided into
those countries with an average GDP per capita (ɸ(Yit/Pit)) above and those
countries with an average GDP per capital below 6.400 USD.
In addition, increases in heat index should mainly impact those countries with a
high average heat index, while low precipitation should mainly influence those
countries with low average precipitation. Therefore, we divide the country
samples further according to their average heat index and precipitation values.
The thresholds for these divisions are chosen such that all samples have
approximately the same size. Tables 1 and 2 report the results of the estimations
of Equation (1) for each set of countries. The discussion of these results focuses
on the impact of heat index and precipitation.
Table 1:
Panel GMM regression results for output growth as dependent variable (Equation
(1)) with different sets of countries according to economic output and average
heat index (p-values in brackets)
Variable

Φ(Yt/Pt)<6.400

Φ(Yt/Pt)<6.400

Φ(Yt/Pt)>6.400

Φ(Yt/Pt)>6.400

AvHeatIndex<70F

AvHeatIndex>70F

AvHeatIndex<45F

AvHeatIndex>45F

26

27

26

26

log(Yit-1/Pit)

-.142* (.0130)

-.195** (.0090)

-.102* (.0172)

-.265*** (.0000)

Δlog(Cit/Pit)

.465*** (.0007)

.474*** (.0000)

.311*** (.0000)

.461* (.0241)

Δlog(Lit/Pit)

-.0049 (.9767)

.00013 (.9993)

1.069*** (.0001)

.158 (.2781)

Number of countries
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Δlog(Hit)

-.165 (.8954)

10.51* (.0358)

-2.27 (.0841)

.298 (.7980)

Precipitation

-9.57 (.4076)

5.75 (.7796)

28.09** (.0027)

-4.62 (.7993)

-.00052 (.9374)

.0014 (.2395)

.0096 (.1208)

-.0023* (.0495)

468

486

468

468

Heat index
Number of observations

Table 1 does not show any significant results for precipitation and heat index in
less developed countries. Hence, our expectation that the more agriculturedependent, less developed countries are hurt by lower precipitation (as found in
Barrios et al. 2010) and high heat index is not confirmed. Possible explanations
are either that the less developed countries are too diverse for a consistent
impact of weather on economic growth or that the data for these countries is not
of sufficient quality for the detection of such relationships.
In the case of more developed countries we obtain a clear picture. Colder
countries benefit from higher precipitation. Thus, despite our expectation that the
agricultural sector plays no significant role in these countries, their economic
growth seems to benefit from better agricultural conditions. As expected,
countries with higher average heat indices are hurt significantly by increases in
heat index. This confirms the expectation that if the heat index increases in more
developed countries with already medium or high heat indices, productivity
decreases.
Table 2:
Panel GMM regression results for output growth as dependent variable (Equation
(1)) with different sets of countries according to economic output and average
precipitation (p-values in brackets)
Variable

Φ(Yt/Pt)<6.400

Φ(Yt/Pt)<6.400

Φ(Yt/Pt)>6.400

Φ(Yt/Pt)>6.400

AvPrecip<.003mm

AvPrecip>.003mm

AvPrecip<.0021mm

AvPrecip>.0021mm

Number of
countries

27

26

26

26

log(Yit-1/Pit)

-.082** (.0075)

-.337*** (.0000)

-.148** (.0028)

-.197*** (.0000)

Δlog(Cit/Pit)

.451*** (.0000)

.614 (.0588)

.529*** (.0003)

.290* (.0142)

Δlog(Lit/Pit)

.057 (.7674)

-.092 (.6017)

.656** (.0015)

.299 (.0614)

Δlog(Hit)

-.073 (.9607)

8.58 (.0791)

-1.27 (.2057)

2.84* (.0366)
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Precipitation

22.83 (.0559)

6.98 (.6899)

41.97* (.0206)

-4.84 (.6417)

Heat index

.0048 (.1448)

.0016 (.1573)

-.0023 (.2496)

-.0012 (.3565)

486

468

468

468

Number of
observations

If the country sample is divided according to average precipitation (Table 2), the
results change slightly for less developed countries. However, still no significant
results are obtained for precipitation and temperature. In the case of the more
developed countries the results are very similar to those in Table 1. Dividing more
developed countries according to average heat index or precipitation leads to
very similar sub-samples. However, the results for precipitation and heat index
became weaker. This confirms the expectation that high heat indices hurt mainly
countries with high average heat indices. In contrast, the expectation that high
precipitation is mainly beneficial in countries with low average precipitation is not
confirmed. However, the coefficient for precipitation is higher while it is less
significant. A final conclusion is not possible.

V. Conclusions
This paper studies whether the variable weather conditions have an impact on
economic growth. Significant influences are found for more developed countries:
First, countries with low heat index and low precipitation benefit from higher
precipitation, a finding that is in line with theoretical predictions that the
agricultural sector benefits from increases in precipitation. Second, in countries
with higher average heat indices, economic growth decreases with increasing
heat index. This is in line with the theoretical prediction that a higher index
increases failure rates due to worker illness and reduced worker productivity.
Research on climate change predicts an increase in global temperatures. Our
results show that this will have a negative impact on productivity and economic
growth in warmer, more developed countries. We do not find significant
relationships in less developed countries. One reason might be the quality of the
data used. On the one hand, data on less developed countries is essentially more
volatile. On the other hand, we use weather information aggregated to the
national level and yearly time periods. More detailed regional and monthly data
might provide further insights. This would be a valuable endeavor for further
studies.
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