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Abstract

This paper focuses on the adaptation capacity of the farmers and evaluates the extent to

which droughts push them to adopt more resistant crop or incite them to abandon agriculture

for manufactured activities. To assess the change in specialization, it uses exporting data. A

comparison between developed and developing nations are realized. A sample of 151 countries

over the period 2000 to 2015 is mobilized. Relying on drought indicators based on the stan-

dardized precipitation index and trade data at six-digit level, we �nd that a lack of precipitation

leads countries to a substitution towards crops which are tolerant to drought, and away from

crops that are drought sensitive. Moreover, our results also indicate a reorganization of exports

in favour of manufacture in the aftermath of drought. And, more precisely, countries are moving

towards the production of goods for which they have a comparative advantage.
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1 Introduction

While much natural disasters we face are sudden and brief, droughts are di�erent. They are usually

characterized by an extended duration and a larger spatial coverage. In the upcoming years, droughts

are expected to be more frequent, severe and longer as a result of global warming. And the main

victims are the farmers. Water scarcity is indeed expected to impact negatively crops and livestock

production.

Because of drought, agricultural sector in developing countries has experienced a loss of 29 billion

dollars between 2005 and 2015.1 Yet agriculture is one of the main activities in developing nations

and may contribute up to 30% to the national GDP in the lowest income nations.2

Would this sector resist to higher frequencies of droughts? Would those droughts push farmers to

adopt more resistant crop? Or would they just convince them to abandon agriculture for manufacture

activity? In consequence, what is the impact of drought on the specialization of countries?

An extensive literature has highlighted the impact of drought on agricultural production. Some au-

thors study speci�c disasters. For instance, Howitt et al. (2015) look at the impact of the 2015

California drought. They show that drought a�ects negatively farming revenues. And by a spillover

e�ect, other sectors are impacted. As farmers have less resources, they reduce their input require-

ments. Other authors have preferred to focus on a speci�c crop. Lesk et al. (2016) �nd that, globally,

droughts have reduced cereal production by 10%. Their study covers the period 1964 to 2007, and

also shows that the negative impact has become stronger for the more recent catastrophes. More gen-

erally, this literature has developed in two directions. To investigate agricultural losses from droughts

some authors have used simulation models (Muchow et al., 1996; Jongdee et al., 1997; Heinemann et

al., 2007) whereas others have preferred regression models (Lesk et al., 2016; Hernandez-Barrera et

al., 2016). Nevertheless, both models have highlighted the detrimental e�ect of drought on agricul-

ture.

In this context, a literature has emerged to identify adaptation strategies to cope with drought and

more globally with climate change. Surveyed farmers in Kenya reveal to purchase new crops with

climate change (Bryan et al., 2013). Similarly, a survey conducted on 223 farming households in

India indicates that some farmers adopt less water intensive crops, to mitigate drought (Udmale et

al, 2014). They also change their planting date and increase soil and water conservation practice to

overcome climate change.

Technological developments are also recognized as an adaptive strategy. Smithers and Blay Palmer

(2001) identify the biological and mechanical innovation. The �rst refers to the development of

1FAO (2017) "2017 The impact of disasters and crises on agriculture food security".
2World Bank Development Indicators.
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drought resistant crop whereas the latest designates the development of irrigation systems. In Zim-

babwe, for example, farmers consider these strategies to reduce their vulnerability to climate change

(Mano and Nhemachena, 2007). However, Rosegrant et al. (2002) indicates that irrigation e�ciency

is relatively low in developing nations. The lack of resources may impede the maintenance and the

modernization of existing systems.

Finally, income diversi�cation constitutes a response to drought. Farm household can allocate part of

their labour to non-agricultural activities. Participating in non-farm activities allow them to lessen

the �uctuation of farm income, inherent to drought (Reardon et al., 1998). In consequence, drought

can push some members of the households to migrate to urban centre, in search of a non-farm work.

And this strategy is not limited to the poorest states. Skinner et al. (2001) show that agricultural

households also diversify the source of their income in Canada.

This paper contributes to this strand of literature. First, it o�ers a more complete picture of how

drought a�ects the agricultural sector, by considering the impact of catastrophe across the globe.

And, to the best of our knowledge it is the �rst to analyse how drought impacts country's special-

ization. As drought may push farmers to adopt strategies to overcome drought shocks, we evaluate

if this disaster �nally leads to a reorganization of the production among the country. In particular,

we investigate if the agricultural sector evolves towards the production of drought tolerant crops or if

it share is reduced in favour of manufacturing production. Although this paper does not investigate

more the implication of such change in specialization for the overall performance of a country, one

could think that it might be bene�cial for the country and may stimulate its growth if it operates

towards industrialized item. A country which specializes in high technology products is expected

to grow faster, compared to other nations (Grossman and Helpman, 1991). And so, we extend our

analysis by considering the di�erent manufacturing sectors.

And to assess the specialization, among the less water intensive goods, we use di�erent datasets.

Ideally, disaggregated production data are required. However, production data are lacking for the

industrial sector of a wide range of developing countries. To overcome this issue, we attempt to

explain the change in specialization by using export data. The reasoning is simple, as exports may

follow the same pattern as production. In consequence, we mobilize the BACI database of the CEPII.

It provides us detailed exports data at 6 digit level of the harmonized system nomenclature.

In order to evaluate the change in specialization among agricultural sector, we need to identify the

drought tolerant crops. In consequence, we construct an original dataset: we collect for the plant,

for which we observe some matching with the trade data at the product level, the water required for

its growth. Data are coming from di�erent websites.

And �nally, to measure drought, we use the Standardized Precipitation Index. It quanti�es the
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rainfall de�cit, and can be computed for di�erent time scales. Here, we employ in a systematic way

1 month SPI and 12 month SPI, to identify respectively meteorological and hydrological drought.

Unlike the literature which usually treats the short term, we propose a more global picture as a lack

of rainfall from one month may disturb the growth of crop whereas a diminution of precipitation over

a larger period may a�ect in addition water resources.

We run a series of regressions and �nd three noticeable results.

First meteorological droughts conduct both high income economies and developing nations to substi-

tute exports of drought tolerant plants for more water dependant crops. Nevertheless, when it comes

to hydrological droughts, no country changes its agricultural specialization.

Second, meteorological and hydrological droughts lead countries to reduce export of water intensive

crop in favor of manufacturing goods, whatever the level of development.

Finally, countries are moving toward the production of goods for which they have a comparative

advantage. In consequence, less developed countries specialize in low technologies and resource based

products, whereas high income countries prefer to reorganize their exports towards middle and high

technology items.

This paper is structured as follows: section 2 presents the data. Section 3 discusses the empirical

strategy, whereas section 4 shows the empirical results. Section 5 provides some robustness checks,

and section 6 concludes.

2 Data

To study the impact of drought on trade specialisation, we consider the BACI database, at the six

level digit of disaggregation. And we focus our attention on agricultural commodities. Drought is a

major factor in agricultural productivity, as water scarcity a�ects negatively farming. And because

some crops require more water to grow one would expect a more severe e�ect on exports. In conse-

quence, one need to associate each crop with water requirement. And as no database provides this

information, di�erent sources are mobilized like Food and Agriculture Organization (FAO), speci�c

crop websites...3 We consider the crop as water dependant if the amount of water needed for the

product is above the median of the distribution across all agricultural commodities. If not, the good

is classi�ed into the group "drought tolerant" crop. To illustrate our database, consider the example

of cereals. Their consumption for developing countries contribute to provide more than 50% of caloric

intake.4 If millet is a drought tolerant crop as the water requirement is relatively low; it takes three

3see Appendix A
4FAO (2003) Agriculture Food and Water. A contribution to the World Water Development Report
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times more water to grow rice. Then rice appears to be more vulnerable to dry condition and belongs

to the water dependant group.

Then, to create a drought's variable, monthly rainfall data are used. They come from the Climatic

Research Unit of the University of East Anglia, and were aggregated on a state level by Feindouno

et al. (2015). For our measure of drought, we use the approach of the Standardized Precipitation

Index (SPI) developed by McKee et al. (1993) 5. Conceptually, it is equivalent to a z-score, which we

de�ne as the di�erence of total monthly precipitation from the average monthly precipitation of the

entire period (1901-2015) divided by the standard deviation. So it can be interpreted as the number

of the standard deviation by which the observed precipitation deviates from the long term mean.

Di�erent time scales may be used to compute SPI. In literature, cumulative precipitation for 1, 3, 6,

9, 12 or 24 months are generally employed to construct this index.

If 1 month-SPI identi�es meteorological drought, a situation of rainfall de�cit, a larger period as

12 months allows us to detect hydrological drought. The de�cit of precipitation over this long time

scale, re�ects a shortage of water resources; groundwater, reservoir or stream levels are consequently,

reduced. Intermediates time scales (3, 6 or 9 months) are �nally more useful to detect soil moisture

drought. Precipitation de�ciencies lead to a diminution of water available on the surface of soil.

For this study, two time scales are mobilized. As some developing countries relies on rainfed agricul-

ture, one can easily understand that 1 month-SPI might be more appropriate to characterize drought.

A diminution of precipitation may a�ect negatively agricultural production, as water constitutes a

major factor in the growth of crops. It is particularly true for Sub Saharan Africa where more than

95% of farmer's lands are rainfed. But for other countries, a 12 month SPI might be more suitable,

as agriculture heavily depends on irrigation. The water required for the expansion of production

comes now from reservoir, as groundwater. But also, as developed countries have more resource to

mitigate the negative impact of drought, one can easily understand that they are more sensitive to

longer periods of droughts.

Drought occurs when negative values are recorded, whereas a SPI above 1 mean wet conditions.

Moreover, McKee et al. (1993) create a classi�cation system to categorize droughts.

Because of the normal distribution, about 95% of the SPI will fall within two standard of devia-

tion, in the interval [-2;2]. In consequence the probability of observing extreme drought is very small.

The main advantage of the SPI, is that it can be used to compare di�erent locations at di�erent

5To construct this index, we need to �t a statistical probability distribution to the rainfall series. As McKee et
al. (1993), we use the gamma distribution which provides one of the best model for describing monthly precipitation.
Then, we transform those rainfall records to a normal distribution.
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Table 1: Classi�cation of the SPI and drought category

SPI values Drought Categories
0 to -0.99 Mild Drought
-1 to -1.49 Moderate Drought

-1.50 to -1.99 Severe Drought
≤ −2 Extreme Drought

Source: McKee et al.(1993)

periods. Moreover, it allows us to quantify the severity and to deduce the frequency and the duration

of the drought. One can imagine that violent, recurrent or long duration drought has negative impact

on agriculture production and forces farmers to adopt more resistant crop, or to leave agriculture for

industry.

Furthermore, one can easily understand that the e�ect of drought on agricultural production and

thus trade, if any, is expected to appear in the medium or long run. In fact, because a substitution

of a culture into another is costly in value and time, one would not expect farmers to substitute a

production to another in case of random drought shocks that a�ects their production plans. It is

only when droughts period become persistent over a certain time that one expects agricultural �rms

to end up changing their behaviour. This is why, to construct our indicators of drought, we measure

the extent of drought during the 5 years preceding the time of export of agricultural commodities or

manufacture goods that is observed. But we also test shorter periods of respectively 3 and 1 year.

In a �rst step we create a dummy drought, which takes the value of one if a moderate, a severe or

an extreme drought occurred (i.e. SPI<-1). Then we construct our two variables:

• Frequency: It refers to the number of months with a drought. We count the number of months

where a country experienced a drought, during our period of 5 and respectively 3 or 1 years.

More frequent drought might encourage farmers to produce resistant crop or to leave agriculture

for less vulnerable activities.

• Severity: It corresponds to the accumulated de�cit of precipitation. We sum the absolute value

of the SPI, when a drought was reported during the 5, and respectively 3 or 1 year preceding

exports. Severe drought might a�ect negatively exports of highly water dependant crops by

destroying them.

According to Zargar et al. (2011) those variables constitute two main dimensions to characterize

drought. These measures are widely mobilized (Edossa et al., 2010; Li et al., 2015; Dallmann et al.,

2017...).
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3 Empirical Model

Our empirical analysis assesses the impact of drought on agriculture. The model is estimated based

on 151 countries over the period 2000 to 2015. Following the literature as one expects poorer countries

to be more vulnerable to natural disasters, we also divided our model into two sub-samples: developed

versus developing countries. And as the source of water required for agriculture production di�ers

for farmers, we use respectively 1 and 12 month-SPI to construct our drought indicators.

We �rst study if a country hit by severe or frequent drought reduce the exports of agricultural

commodities. As we are interested in the change in agricultural exports, the speci�cation is computed

in log di�erence, and is represented by what follows:

ln(Agrkit)− ln(Agrkit−5) = β1ln(droughtit̄; ¯t−5 + 1) + λki + λkt + εkit (1)

with, ln(Agrkit), the logarithm of export of agricultural commodities k, of the country i, at a given

year t.

Let the variable ln(droughtit̄; ¯t−5 + 1) denotes the following expressions:

• ln(frequencyit̄; ¯t−5 + 1), the logarithm of one plus the number of months with drought during the

5 years preceding exports of country i;

• ln(severityit̄; ¯t−5 + 1), the logarithm of one plus the magnitude of the precipitation de�cit, during

a period of 5 years before exports of country i.

And, we add the exporter × product �xed e�ects λki to capture cross-country di�erences in growth

of export for each product and the product time �xed e�ects λkt to control for any characteristics

that are speci�c to the product in the world market. We also add the εkit term which represents the

residual. Standard errors are clustered at the country i-year level to address the potential problem

of heteroscedasticity and autocorrelation in the error terms.

As water requirements di�er between crops, we replicate the same model by considering respec-

tively the impact of drought on exports of highly water dependant commodities and on drought

"tolerant" crops.

Furthermore, we propose to augment the model to investigate if those countries adopt new strate-

gies to cope with drought. Recurrent and a priori more violent droughts might lead farmer to export

more drought tolerant crops comparatively to "vulnerable" products.
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Let
V ulkit
Tolit

denotes the relative exports of highly water dependant crop in term of total agricultural

tolerant crop's export. Our model becomes now:

ln(
V ulkit
Tolit

)− ln(
V ulkit−5

Tolit−5

) = β1ln(droughtit̄; ¯t−5 + 1) + λki + λkt + εkit (2)

And as production data6 are available for agricultural products, we explore if all farmers adopt this

strategy and not just those who are involved in exporting activities. The speci�cation becomes:

ln(
Y V ulkit
Y Tolit

)− ln(
Y V ulkit−5

Y Tolit−5

) = β1ln(droughtit̄; ¯t−5 + 1) + λki + λkt + εkit (3)

with,
Y V ulkit
Y Tolit

, the ratio of production of country i of highly water dependant commodities k at a given

year t to the total agricultural tolerant crop's production.

Finally, countries could take pro�t of drought to neglect agriculture exports and to opt for man-

ufacturing specialization. To identify this phenomenon we have rewritten equation 2 as follows:

ln(
V ulkit

Manufit
)− ln(

V ulkit−5

Manufit−5

) = β1ln(droughtit̄; ¯t−5 + 1) + λki + λkt + εkit (4)

where
V ulkit

Manufit
is the export's share of vulnerable agriculture product k in total manufactured goods

of the country i at a given year t.

And, as manufactured sector is very heterogeneous, we propose to replicate this model by considering

the exports share of water dependant commodities respectively in terms of:

• Manufactured resource based items ManufResit;

• Low technology products ManufLowit;

• Middle technology goods ManufMidit;

• High technology items ManufHighit;

To disaggregate manufacturing sector into those 5 branches, we consider Lall's classi�cation (2000),

used by the United Nations Conference on Trade and Development (UNCTAD) (2002) and the United

6We use the FAO database.
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Nations Industrial Development Organization (UNIDO) (2004).

Here, we investigate if developing countries highly endowed with low skilled workers move towards

the exports of mineral or low technology products; whereas developed nations do not change their

trade pattern, due to their numerous �nancial resources, or move their resources into mid or high

technology products in the aftermath of severe or frequent droughts.

Finally, if one may expect to observe a change in trade specialization for this interval of 5 years, the

results may di�er for a shorter period. One can easily understand, that one year after a drought, it

would be premeditated for a farmer to opt for a new product as change in trade pattern may induce

numerous �xed costs. Before engaging in change of crop or activity, farmers must be convinced of

the negative and permanent impact of drought on their outcomes.7

4 Empirical Results

4.1 Meteorological Droughts

We �rst report results corresponding to meteorological droughts. Before analyzing in details the re-

sults regarding the change in specialization, we begin by presenting the result of the export equation.

The table 2 shows that one year after, drought deters exports of all agricultural items. Both the

intensity and the frequency of this disaster, reduce the trade of agricultural products (columns 1 and

2) in all countries.

Table 2: Meteorological droughts and exports of agricultural products

Country's sample All Developed Developing All Developed Developing

Drought's period 1 year 5 year

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Severity -0.018* -0.022 -0.012 -0.071** -0.028 -0.10**
(0.010) (0.014) (0.015) (0.030) (0.043) (0.040)

Frequency -0.024* -0.038** -0.011 -0.079** -0.014 -0.12**
(0.013) (0.017) (0.020) (0.034) (0.049) (0.046)

Export x Product FE YES YES YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES YES YES

R-squared 0.084 0.084 0.117 0.118 0.097 0.097 0.208 0.208 0.245 0.245 0.218 0.218
Observations 115,513 115,513 52,674 52,674 62,817 62,817 115,513 115,513 52,674 52,674 62,817 62,817

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

Nevertheless, when we reproduce the model by considering the level of development, the results ap-

pear to be either non robust (in case of developed countries) or statistically unsigni�cant (developing

countries).

7An intermediate period of three years must be more suitable to observe the beginning of change in exports. Results
upon request.
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Let us, turn now to the impact of drought over a period of 5 years. As previously, severe or recur-

rent droughts have a negative, but a higher impact on agricultural exports (columns 7 and 8). This

result suggests a cumulative impact of drought on agricultural trade. Moreover, analysis by level of

development shows that only developing countries observe a drop in agricultural trade. The lack of

education, �nancial and technological resources may explain their di�culty to cope e�ectively with

drought.

We then breakdown agricultural product by water requirement, in order to test for a higher sensi-

tiveness to drought for products that usually require high quantities of water input. Table 3 presents

results for drought tolerant crop whereas table 4 focuses on most water dependant products.

Table 3: Meteorological droughts and exports of tolerant drought crops.

Country's sample All Developed Developing All Developed Developing

Drought's period 1 year 5 year

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Severity -0.039*** -0.034* -0.040* -0.334 0.014 -0.041
(0.014) (0.018) (0.021) (0.037) (0.053) (0.054)

Frequency -0.047*** -0.054** -0.039 -0.024 0.014 -0.033
(0.018) (0.022) (0.026) (0.042) (0.060) (0.062)

Export x Product FE YES YES YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES YES YES

R-squared 0.090 0.090 0.130 0.130 0.102 0.102 0.220 0.220 0.268 0.268 0.224 0.224
Observations 51,266 51,266 24,528 24,528 26,725 26,725 51,266 51,266 24,528 24,528 26,725 26,725

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 3 shows that export of tolerant crop decreases after one year of drought and it doesn't

matter how developed the nation is (columns 1 to 6). However, columns 7 to 12 tend to show that

a severe or frequent drought has no e�ect on trade when a period of 5 years is considered. After a

prolonged period of drought, exports of a priori drought-tolerant crops do not appear to be a�ected.

Table 4 presents the results for water dependant crops.

Table 4: Meteorological droughts and exports of water intensive crops

Country's sample All Developed Developing All Developed Developing

Drought's period 1 year 5 year

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Severity -0.002 -0.012 0.0100 -0.101*** -0.040 -0.144***
(0.012) (0.016) (0.016) (0.032) (0.046) (0.042)

Frequency -0.006 -0.025 0.010 -0.123*** -0.038 -0.180***
(0.015) (0.020) (0.021) (0.037) (0.054) (0.050)

Export x Product FE YES YES YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES YES YES

R-squared 0.079 0.079 0.104 0.104 0.093 0.093 0.198 0.198 0.221 0.221 0.212 0.212
Observations 64,247 64,247 28,146 28,146 36,092 36,092 64,247 64,247 28,146 28,146 36,092 36,092

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

At �rst sight, frequent or severe droughts are not associated with a negative and statistically

signi�cant estimator, when an interval of one year is considered (columns 1 to 6). But it is a di�erent
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story for a long interval of 5 years. When all countries are considered, recurrent and severe droughts

come to a�ect negatively exports of water dependant products (columns 7 and 8). But columns 9 to

12 tend to show that the negative e�ect is only observed when the drought hit developing countries.

An additional month of drought is associated with a reduction of 0.124% of exports of water intensive

crops.8 Farmers in the wealthiest nations appears to be more resilient to meteorological droughts.

To overcome the reduction of surface water, those farmers may rely on groundwater reservoir. And

as they have more resources, they may adopt more e�cient technologies to lessen the impact of

drought.

In order to limit the impact of drought; farmers may also decide to produce more tolerant crop

relatively to water dependant plants. As mentioned earlier, this suggests then that a part of the

resources has to be reallocated from cultivating water-dependant to more drought-tolerant ones which

implies a change in the specialization of countries. In table 5 we begin by using export data to test

the specialization equation 2.

Table 5: Meteorological droughts and agricultural specialization: exports data

Country's sample All Developed Developing All Developed Developing

Drought's period 1 year 5 year

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Severity 0.037* 0.039 0.028 -0.114** -0.144 -0.095
(0.021) (0.032) (0.029) (0.056) (0.089) (0.071)

Frequency 0.043 0.048 0.028 -0.166*** -0.174* -0.158*
(0.027) (0.039) (0.037) (0.062) (0.101) (0.081)

Export x Product FE YES YES YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES YES YES

R-squared 0.076 0.076 0.105 0.105 0.086 0.086 0.181 0.182 0.206 0.206 0.192 0.192
Observations 64,247 64,247 28,146 28,146 36,092 36,092 64,247 64,247 28,146 28,146 36,092 36,092

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

When a period of one year is considered redundant or violent droughts do not lead to a change

of specialization in both developed and high income economies (columns 3 to 6).

Nevertheless, when extending the period of drought to period to �ve years, frequent catastrophes

conduct rich and poor nations to substitute exports of drought tolerant plants for water dependant

crops (columns 10 and 12). An additional month of drought leads high income economies to re-

duce by 0.120% their exports of water intensive products comparatively to drought resilient plant

and by 0.109% for less developed economies. But the severity of the catastrophe has no incidence

on the change of trade pattern (columns 9 and 11). Those results suggest that a change of trade

specialization takes time. One can easily understand that farmers who go to export are more e�-

cient producers; and consequently their productions are more resilient to the catastrophe, one year

8When a drought is recorded the switch from 0 to 1 of the frequency variable a�ects ln(1+frequency) by ln(1+1)-
ln(0) = ln(2) = 0.69.In consequence, we multiplied by 0.69 our parameters to estimate the impact on exports growth:
0.69*(-0.180) = -0.124
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after. Nevertheless, a larger period of drought should a�ect negatively their production and frequent

droughts may convince them to engage cost in order to adopt more tolerant crops.

Table 6 uses production data to observe if all farmers move towards the production of the more

resilient crops after droughts.

Table 6: Meteorological droughts and agricultural specialization: production data

Country's sample All Developed Developing All Developed Developing

Drought's period 1 year 5 year

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Severity -0.021*** 0.0002 -0.025*** -0.035** -0.072* -0.028*
(0.006) (0.016) (0.006) (0.014) (0.041) (0.015)

Frequency -0.022*** 0.004 -0.029*** -0.034** -0.061 -0.031*
(0.008) (0.021) (0.008) (0.017) (0.045) (0.018)

Export x Product FE YES YES YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES YES YES

R-squared 0.080 0.079 0.157 0.157 0.087 0.087 0.307 0.307 0.372 0.372 0.304 0.304
Observations 33,795 33,795 7,425 7,425 26,322 26,322 33,795 33,795 7,425 7,425 26,322 26,322

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

In the short term, the results obtained are consistent with the idea that farmers in general produce

more tolerant crop comparatively to water intensive plants (columns 1 and 2). However, the devel-

oping countries sample appears to be driving this negative impact (see columns 5 and 6 and columns

3 and 4). Then, in the poorest countries, adding one month of droughts deteriorates the production

of water intensive products by 0.021% comparatively to the cultivation of drought tolerant plants.

Those results are consistent with the idea that in less developed countries, farmers have to mitigate

the negative impact of drought and to adapt, relatively early, less water intensive crops. Only farmers

who are involved in exporting activities, have su�cient resources to cope with drought, and do not

opt for this strategy.

However, when observing a longer period of drought (5 years) severe droughts appear to play some role

even in the case of developed countries. And in poor countries, the change of specialization continues:

severe or abundant droughts induce more change towards drought tolerant crops (columns 11 and 12).

As drought deteriorates agricultural production and exports, countries could diversify and develop

the manufacturing sector. In table 7, we now evaluate if countries reduce exports of water intensive

crop at the expense of industrial goods.

12



Table 7: Meteorological droughts and manufacture: change of specialization

Country's sample All Developed Developing All Developed Developing

Drought's period 1 year 5 year

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Severity -0.001 -0.004 0.005 -0.060* -0.045 -0.076
(0.013) (0.017) (0.019) (0.036) (0.051) (0.050)

Frequency -0.001 -0.013 0.009 -0.072* -0.049 -0.093
(0.017) (0.021) (0.024) (0.042) (0.058) (0.060)

Export x Product FE YES YES YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES YES YES

R-squared 0.078 0.078 0.105 0.105 0.091 0.091 0.193 0.193 0.216 0.216 0.207 0.207
Observations 64,247 64,247 28,146 28,146 36,092 36,092 64,247 64,247 28,146 28,146 36,092 36,092

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

We observe no change in specialization after one year of drought for all countries (columns 1 to

6). And the result remains unchanged for both developed and developing nations, when a larger

interval of 5 years is introduced. However, we may assume that the absence of signi�cant results is

due to the heterogeneity of industrial products. This is why we breakdown the manufacturing sector

by technological intensity.

Tables 8 and 9 report our results for respectively developed and developing nations, by using an

interval of one year for drought.

Table 8: Meteorological droughts and change in specialization in the short term- Manufacturing
sector- Developed countries

Manufacturing sector Resource Based Low Tech. Middle Tech. High Tech.

Drought's period 1 year

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

Severity -0.020 -0.018 -0.008 0.016
(0.019) (0.018) (0.018) (0.025)

Frequency -0.033 -0.032 -0.019 -0.001
(0.024) (0.023) (0.023) (0.031)

Export x Product FE YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES

R-squared 0.106 0.106 0.105 0.105 0.102 0.102 0.187 0.187
Observations 28,146 28,146 28,146 28,146 28,146 28,146 28,146 28,146

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

Here again, one year after, droughts do not lead to change in specialization. As exports of more

water intensive crops are not impacted by droughts, farm households do not need to diversify their

activities.
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Table 9: Meteorological droughts and change in specialization in the short term- Manufacturing
sector- Developing countries

Manufacturing sector Resource Based Low Tech. Middle Tech. High Tech.

Drought's period 1 year

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

Severity 0.015 -0.003 0.008 -0.023
(0.026) (0.021) (0.024) (0.031)

Frequency 0.023 -0.009 0.009 -0.013
(0.033) (0.026) (0.030) (0.040)

Export x Product FE YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES

R-squared 0.092 0.092 0.090 0.090 0.092 0.092 0.158 0.158
Observations 36,092 36,092 36,092 36,092 36,092 36,092 36,092 36,092

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

However a prolonged period of drought conducts high income economies to substitute exports of

water dependant crops with high technology items (table 10, column 8).

Table 10: Meteorological droughts and change in specialization in the medium term- Manufacturing
sector- Developed countries

Manufacturing sector Resource Based Low Tech. Middle Tech. High Tech.

Drought's period 5 years

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

Severity -0.021 -0.076 -0.075 -0.089
(0.060) (0.050) (0.055) (0.072)

Frequencye -0.047 -0.087 -0.064 -0.205**
(0.070) (0.058) (0.064) (0.082)

Export x Product FE YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES

R-squared 0.221 0.221 0.217 0.217 0.221 0.221 0.345 0.345
Observations 28,146 28,146 28,146 28,146 28,146 28,146 28,146 28,146

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

Poorest countries also decrease their exports of water intensive crops in favour of resource based

goods (table 11, column 1) and in a greater extent of low technology items (table 11, columns 3 and

4). One can easily understand that water scarcity reduces the income of rural households and pushes

them to seek additional employment in the non-farm sector.

Table 11: Meteorological droughts and change in specialization in the medium term- Manufacturing
sector -Developing countries

Manufacturing sector Resource Based Low Tech. Middle Tech. High Tech.

Drought's period 5 years

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

Severity -0.138** -0.131** 0.019 -0.116
(0.070) (0.059) (0.058) (0.073)

Frequency -0.128 -0.161** 0.037 -0.122
(0.077) (0.068) (0.068) (0.084)

Export x Product FE YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES

R-squared 0.217 0.217 0.209 0.209 0.215 0.215 0.319 0.319
Observations 36,092 36,092 36,092 36,092 36,092 36,092 36,092 36,092

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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And it comes as no surprise that countries are moving towards the production of goods for

which they are expected to have a comparative advantage a priori. Less developed countries which

are abundant in unskilled labor and natural resources, should be then incited to specialize in low

technology and resource based industries, whereas wealthiest nation which have more well-educated

workers and technologically advanced equipment reorganize their exports towards high technology

products.

4.2 Hydrological Droughts

In what follows, we present a series of results based on alternative indicators. As already mentioned,

these indicators are computed in such a way so as to reveal a priori hydrological droughts. Again hy-

drological droughts might not be a�ecting agriculture in the same manner as meteorological droughts.

Now the level of groundwater reservoir is reduced, making irrigation more di�cult.

Tables 12 to 14 depict the results of the impact of drought on agricultural exports. Several results

can be highlighted.

Table 12: Hydrological Droughts and exports of agricultural products

Country's sample All Developed Developing All Developed Developing

Drought's period 1 year 5 year

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Severity -0.034 0.001 -0.061 -0.040* -0.047 -0.051
(0.025) (0.032) (0.037) (0.022) (0.031) (0.031)

Frequency -0.050 -0.010 -0.084* -0.063** -0.071* -0.09**
(0.033) (0.045) (0.050) (0.029) (0.042) (0.041)

Export x Product FE YES YES YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES YES YES

R-squared 0.084 0.084 0.117 0.117 0.097 0.097 0.208 0.208 0.245 0.245 0.218 0.218
Observations 115,513 115,513 52,674 52,674 62,817 62,817 115,513 115,513 52,674 52,674 62,817 62,817

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 13: Hydrological Droughts and exports of tolerant drought crops

Country's sample All Developed Developing All Developed Developing

Drought's period 1 year 5 year

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Severity -0.053 -0.010 -0.080 -0.008 -0.002 -0.014
(0.034) (0.041) (0.052) (0.029) (0.039) (0.042)

Frequency -0.081* -0.028 -0.116 -0.018 -0.005 -0.039
(0.046) (0.057) (0.071) (0.038) (0.050) (0.056)

Export x Product FE YES YES YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES YES YES

R-squared 0.090 0.090 0.130 0.130 0.102 0.102 0.220 0.220 0.268 0.268 0.224 0.224
Observations 51,266 51,266 24,528 24,528 26,725 26,725 51,266 51,266 24,528 24,528 26,725 26,725

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 14: Hydrological Droughts and exports of water intensive crops

Country's sample All Developed Developing All Developed Developing

Drought's period 1 year 5 year

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Severity -0.019 0.010 -0.045 -0.066*** -0.088** -0.077**
(0.026) (0.037) (0.037) (0.024) (0.035) (0.033)

Frequency -0.026 0.004 -0.059 -0.099*** -0.130*** -0.120***
(0.035) (0.052) (0.050) (0.033) (0.049) (0.044)

Export x Product FE YES YES YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES YES YES

R-squared 0.079 0.079 0.104 0.104 0.093 0.093 0.198 0.198 0.222 0.222 0.212 0.212
Observations 64,247 64,247 28,146 28,146 36,092 36,092 64,247 64,247 28,146 28,146 36,092 36,092

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

At short term (1 year) drought does not a�ect agricultural exports in both developing and devel-

oped nations (table 12). And the results remain unchanged when we respectively focus on drought

tolerant and water intensive crops (tables 13 and 14). They are resilient to hydrological droughts.

At short term, countries have the resources to face water scarcity.

However, at medium term (5 years) frequent droughts have a statistically signi�cant and negative

impact on agricultural exports for both high income economies and less developed countries (table

12, columns 7 to 9). As a reminder, meteorological droughts do not disturb agricultural exports for

rich nations. But now, as the reserves of groundwater are at lower levels, wealthiest countries have

less strategies to cope with droughts and become now new victims of this scourge. Nevertheless, only

water intensive crops decrease in the aftermath of violent or recurrent catastrophes. Droughts do not

deter exports of drought tolerant crops.

It is why in table 15, we assess if exporters move towards the trade of less vulnerable crops.

Table 15: Hydrological Droughts and agricultural specialization: exports data

Country's sample All Developed Developing All Developed Developing

Drought's period 1 year 5 year

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Severity 0.004 0.004 -0.022 -0.053 -0.071 -0.047
(0.042) (0.062) (0.058) (0.039) (0.054) (0.056)

Frequency 0.012 -0.007 -0.019 -0.071 -0.090 -0.071
(0.057) (0.087) (0.077) (0.054) (0.074) (0.075)

Export x Product FE YES YES YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES YES YES

R-squared 0.076 0.076 0.104 0.104 0.086 0.086 0.181 0.181 0.206 0.206 0.192 0.192
Observations 64,247 64,247 28,146 28,146 36,092 36,092 64,247 64,247 28,146 28,146 36,092 36,092

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

The main di�erence with meteorological drought is that now countries do not change their agricul-

tural exports, at medium term. The results are unequivocal, they never pick the less intensive crop in

the aftermath of hydrological droughts; whatever the level of development and the period of drought.

The decline of groundwater may push them to reconsider this option. Those results suggest that
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exporters are privileging other strategies to cope with water scarcity. For example, they may change

planting date, use resistant varieties of crops. But all farmers do not follow this option.

Table 16: Hydrological Droughts and agricultural specialization: production data

Country's sample All Developed Developing All Developed Developing

Drought's period 1 year 5 year

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Severity -0.039*** -0.016 -0.045*** -0.015 -0.087*** 0.002
(0.012) (0.032) (0.013) (0.011) (0.025) (0.011)

Frequency -0.054*** -0.024 -0.062*** -0.025** -0.114*** -0.002
(0.008) (0.021) (0.008) (0.017) (0.045) (0.018)

Export x Product FE YES YES YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES YES YES

R-squared 0.079 0.079 0.378 0.378 0.087 0.086 0.307 0.307 0.375 0.375 0.303 0.303
Observations 33,795 33,795 7,425 7,425 26,322 26,322 33,795 33,795 7,425 7,425 26,322 26,322

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

Data in production in table 16, shows us that farmers in developing countries shift towards the

production of drought tolerant crops at short term, after severe or recurrent droughts. But at middle

term , they abandon this strategy. On the contrary wealthiest nations change their specialization

only at middle term. The results di�er from meteorological drought. As the reserve of water declines,

farmers can no longer count on them and become now vulnerable to drought.

Water scarcity may also lead a country to favour manufactured sectors. Those results are presented

in table 17. In the short term we do not assist to a reorganization of exports towards industrial

goods. But 5 years latter, all countries seem to trade less water intensive products comparatively to

manufactured items.

Table 17: Hydrological Droughts and manufacture: Change of specialization

Country's sample All Developed Developing All Developed Developing

Drought's period 1 year 5 year

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Severity -0.018 0.024 -0.054 -0.056** -0.103*** -0.063*
(0.030) (0.043) (0.042) (0.026) (0.038) (0.036)

Frequency -0.026 0.014 -0.068 -0.089** -0.145*** -0.107**
(0.039) (0.059) (0.055) (0.035) (0.052) (0.049)

Export x Product FE YES YES YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES YES YES

R-squared 0.078 0.078 0.105 0.105 0.091 0.091 0.193 0.193 0.217 0.217 0.207 0.207
Observations 64,247 64,247 28,146 28,146 36,092 36,092 64,247 64,247 28,146 28,146 36,092 36,092

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

And when we breakdown manufacturing sector by their level of technologies, we still no �nd an im-

pact at short term for both developed and wealthiest nations (table 18 and table 19). These results

con�rm the resilience at short term.
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Table 18: Hydrological Droughts and change in specialization in the short term- Manufacturing
sector- Developed countries

Manufacturing sector Resource Based Low Tech. Middle Tech. High Tech.

Drought's period 1 year

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

Severity 0.012 -0.019 0.002 -0.046
(0.043) (0.048) (0.043) (0.060)

Frequency 0.008 -0.042 -0.018 -0.046
(0.060) (0.066) (0.061) (0.077)

Export x Product FE YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES

R-squared 0.106 0.106 0.105 0.105 0.102 0.102 0.187 0.187
Observations 28,146 28,146 28,146 28,146 28,146 28,146 28,146 28,146

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 19: Hydrological Droughts and change in specialization in the short term- Manufacturing
sector-Developing countries

Manufacturing sector Resource Based Low Tech. Middle Tech. High Tech.

Drought's period 1 year

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

Severity -0.011 -0.049 0.017 -0.076
(0.052) (0.042) (0.057) (0.057)

Frequency -0.012 -0.056 0.051 -0.118
(0.072) (0.057) (0.077) (0.084)

Export x Product FE YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES

R-squared 0.092 0.092 0.090 0.090 0.092 0.092 0.158 0.158
Observations 36,092 36,092 36,092 36,092 36,092 36,092 36,089 36,089

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

However, a change of specialization occurs at middle term. Table 20 shows that high income

economies after recurrent or violent droughts decide to reduce exports of water intensive crops and

favour middle technology products. And to a lesser extent, they also move toward low technologies

and resource based products. On the contrary, developing countries abandon agricultural exports

for resource based sector and low technology products, when a frequent or a severe drought happens

(table 21). And in a lower degree, they move toward middle technology products, but only when

persistent disasters took place.

Here again, countries reorganize their exports toward the production of goods for which they have a

comparative advantage.

Table 20: Hydrological Droughts and change in specialization in the medium term- Manufacturing
sector- Developed countries (Hydrological Droughts)

Manufacturing sector Resource Based Low Tech. Middle Tech. High Tech.

Drought's period 5 years

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

Severity -0.104** -0.090** -0.155*** -0.086
(0.042) (0.039) (0.045) (0.060)

Frequency -0.161*** -0.143*** -0.207*** -0.054
(0.056) (0.053) (0.062) (0.080)

Export x Product FE YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES

R-squared 0.222 0.222 0.218 0.218 0.222 0.222 0.345 0.345
Observations 28,146 28,146 28,146 28,146 28,146 28,146 28,146 28,146

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 21: Change in specialization in the medium term- Manufacturing sector- Developing countries
(Hydrological Droughts)

Manufacturing sector Resource Based Low Tech. Middle Tech. High Tech.

Drought's period 5 years

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

Severity -0.111** -0.109*** 0.065 0.056
(0.047) (0.042) (0.045) (0.060)

Frequency -0.146** -0.151*** -0.102* 0.0256
(0.062) (0.056) (0.060) (0.083)

Export x Product FE YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES

R-squared 0.218 0.217 0.209 0.209 0.215 0.215 0.319 0.319
Observations 36,092 36,092 36,092 36,092 36,092 36,092 36,092 36,092

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

5 Robustness Tests

To investigate the robustness of our results, we have run additional estimations. As developing

countries rely heavily on rainfed agriculture, we have decided to report in this part, only results with

meteorological droughts. And as wealthiest economies show some resilience to those droughts, we

have focused for those nations, on the impact of hydrological droughts. The results are reported in

Appendix C.

5.1 Additional Variables

Au�hamer et al. (2013) underline the correlation of weather variables. To avoid biased estimates,

they recommend to include both temperature and precipitation in the regression equations. In conse-

quence, we redo the estimation by controlling with temperature's variable. Moreover, higher temper-

ature also plays a role in drought, by increasing water loss by evapotranspiration. As Machiori et al.

(2012), we �rst compute an indicator of anomalies in temperature. It corresponds to the deviation of

temperature in one month, from the average monthly temperature of the long run period (1901-2015),

divided by the long run standard deviation. Then, as drought and high temperatures often happen

simultaneously, we focus our attention on positive deviation. And we create two variables derived

from these indicators.

• FrequencyT emp: The number of observation, during a period of 5 years, where a positive

deviation is recorded.

• SeverityT emp: The sum of the index, during a period of 5 years, where a positive deviation is

recorded.
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The results are reported in tables 23 and 24. First, one can observe that temperature variables

are not statistically signi�cant. They do not deter agricultural exports. Nevertheless, developing

countries still adopt more resistant crops in the aftermath of meteorological droughts and move

toward resource based and low technological items (table 23), whereas high wage states favour more

advanced technology goods (table 24).

5.2 Alternative Drought Measure

An alternative index of drought is now used to compute our frequency variable. As the SPI, the

percent of normal precipitation relies on monthly rainfall data, and can be computed for di�erent

time scale. To construct this simple indicator, we divide the monthly precipitation by the normal

rainfall; typically the long run mean (1901-2015), and then we multiply by 100. According to Barua

et al. (2011) a drought is recorded when the precipitation is below 80%. And as previously, the

total number of droughts over a period of 5 years constitutes our new variable of frequency. Once

again our results appeared to be similar (table 25). A prolonged period of drought leads economies to

substitute less vulnerable products for water intensive crops. Countries continue to reallocate their

exports toward the production for which they have a comparative advantage.

5.3 Alternative Sample

If the exports of water intensive crop are decreasing in the aftermath of prolonged periods of droughts,

one can easily understand that trade of animal and animal products may decline. As their feed and

their water are under pressure, livestock are vulnerable to drought. Moreover, higher temperature

threats their life too by increasing the prevalence of diseases. In the same way, drought is detrimental

to �sh, as higher temperature and a lower level of water drop the amount of oxygen. Here again, by

reducing their income, drought may discourage farmers to pursue those activities and may push them

to opt for manufacturing activity. We replicate our model, to test whether the change of specialization

holds for this agricultural sector. Agriculture is now covering live animals and animal products. It

corresponds to the section 1 of BACI database. The results are reported in tables 26 and 27.

First, in table 26 we observe that at medium term, developing countries abandon animal exports

for low technology products, when frequent or severe meteorological droughts are recorded. This,

con�rms the �nding that the poorest nations are moving toward labour intensive products. Our

�ndings are also robust for wealthiest states. In table 27, we note that hydrological droughts lead

them to opt for medium technology items when a severe or a recurrent disaster happens. And

in a lesser extent, frequent droughts decrease animal exports in favour of resource based and low
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technology products. Once again, the change in specialization follows their comparative advantage.

6 Conclusion

This paper has focused on change in specialization consecutive to drought. We have asked if a nation

could take pro�t of drought to specialize in less vulnerable crops or to opt for industrial goods. And

to test this hypothesis, we have employed exports data.

We have found that at medium term, only meteorological droughts push countries to move toward

the trade of drought tolerant crops. The decline of groundwater level may discourage farmers to

adopt new varieties of crops, even if they require less water.

We have also found that meteorological and hydrological droughts conduct economies to substitute

exports of water intensive crop with industrial items. More precisely, we observe a reallocation of

resources towards comparative advantage industries. Then, developing countries shift towards low

technology and resource based industries whereas high wage states with well educated workforce move

towards middle and high technology products. Several robustness checks are provided and con�rm

our results.

While this paper has attempted to identify empirically the change in specialization in the aftermath

of drought, we do not investigate the mechanisms through which the change of trade pattern becomes

possible. A better access to credit,or low levels of corruption may play a role in the change of trade

pattern. Further researches are needed.
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7.2 Appendix B: List of Countries

Afghanistan Congo Honduras

Albania Costa Rica Hong Kong

Algeria Côte d'Ivoire Hungary

Angola Croatia Iceland

Antigua and Barbuda Cyprus India

Argentina Czech Republic Indonesia

Armenia Democratic Republic of the Congo Iran

Australia Denmark Iraq

Austria Djibouti Ireland

Azerbaijan Dominica Israel

Bahamas Dominican Republic Italy

Bangladesh Ecuador Jamaica

Barbados Egypt Japan

Belarus El Salvador Jordan

Belgium Eritrea Kazakstan

Belize Estonia Kenya

Benin Ethiopia Korea, Rep. of

Bhutan Fiji Kyrgyzstan

Bolivia Finland Laos

Bosnia and Herzegovina France Latvia

Brazil Gabon Liberia

Bulgaria Gambia Libya

Burkina Faso Georgia Lithuania

Burundi Germany Macau

Cambodia Ghana Madagascar

Cameroon Greece Malawi

Canada Grenada Mali

Central African Republic Guatemala Mauritius

Chile Guinea Mexico

China Guyana Moldova, Rep.of

Colombia Haiti Morocco
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Mozambique Sri Lanka

Myanmar Sudan

Nepal Suriname

Nherlands Sweden

New Zealand Switzerland

Nicaragua Syrian Arab Republic

Nigeria Tajikistan

Norway Tanzania, United Rep. of

Pakistan Thailand

Panama The former Yugoslav Rep. of Macedonia

Papua New Guinea Togo

Paraguay Tonga

Peru Trinidad and Tobago

Philippines Tunisia

Poland Turkey

Portugal Uganda

Roumania Ukraine

Russian Federation United Kingdom

Rwanda United States of America

Saint Kitts and Nevis Uruguay

Saint Lucia Vanuatu

Saint Vincent and the Grenadines Venezuela

Samoa Viet Nam

Senegal Yemen

Seychelles Zambia

Sierra Leone Zimbabwe

Singapore

Slovakia

Slovenia

South Africa

Spain
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7.3 Appendix C: Additional Tables

Table 23: Temperature and change in specialization at medium term- Developing countries

Sector Drought tolerant crop Resource Based Low Tech. Middle Tech. High Tech.

Drought's type Meteorological

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Severity -0.094 -0.147** -0.128** 0.031 -0.112
(0.071) (0.070) (0.059) (0.058) (0.074)

SeverityT emp -0.026 0.018 -0.074 -0.251** -0.085
(0.125) (0.120) (0.098) (0.115) (0.0137)

Frequency -0.159** -0.130* -0.163** -0.038 -0.125
(0.081) (0.078) (0.068) (0.068) (0.083)

FrequencyT emp 0.176 0.283 0.356** -0.283 0.403
(0.241) (0.196) (0.179) (0.213) (0.0262)

Export x Product FE YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES

R-squared 0.192 0.192 0.217 0.218 0.209 0.209 0.215 0.216 0.319 0.319
Observations 36,092 36,092 36,092 36,092 36,092 36,092 36,092 36,092 36,092 36,092

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 24: Temperature and Change in specialization at medium term- Developed countries

Sector Drought tolerant crop Resource Based Low Tech. Middle Tech. High Tech.

Drought's type Hydrological

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Severity -0.079 -0.108** -0.093** -0.147*** -0.086
(0.055) (0.042) (0.039) (0.045) (0.059)

SeverityT emp 0.442** 0.210 0.120 -0.379* -0.021
(0.224) (0.166) (0.175) (0.199) (0.241)

Frequency -0.0849 -0.159*** -0.143** -0.210*** -0.055
(0.075) (0.055) (0.053) (0.061) (0.080)

FrequencyT emp 0.755** 0.287 -0.025 -0.485* -0.173
(0.298) (0.218) (0.226) (0.268) (0.331)

Export x Product FE YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES

R-squared 0.207 0.207 0.222 0.222 0.218 0.218 0.223 0.223 0.345 0.345
Observations 28,146 28,146 28,146 28,146 28,146 28,146 28,146 28,146 28,146 28,146

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 25: Percent of Normal Precipitation and Change in specialization at medium term.

Manufacturing sector Drought Resource Low . Middle High Drought Resource Low Middle High
tolerant crop Based Tech. Tech. Tech. tolerant crop Based Tech. Tech. Tech.

Country's sample Developing Developed

Drought's type Meteorological Hydrological

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Frequency -0.184*** -0.0341 -0.161** 0.001 -0.038 -0.316** -0.236* -0.280** -0.525*** -0.605***
(0.077) (0.088) (0.071) (0.078) (0.097) (0.128) (0.139) (0.124) (0.160) (0.212)

Export x Product FE YES YES YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES YES YES

R-squared 0.192 0.217 0.209 0.215 0.319 0.206 0.222 0.218 0.223 0.346
Observations 28,146 28,146 28,146 28,146 28,146 28,146 28,146 28,146 28,146 28,146

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 26: Animal trade and change in specialization at medium term-Developing countries

Manufacturing sector Resource Based Low Tech. Middle Tech. High Tech.

Drought's type Meteorological

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

Severity -0.116 -0.196*** 0.025 -0.123
(0.072) (0.069) (0.061) (0.082)

Frequency -0.085 -0.203** 0.013 -0.106
(0.079) (0.079) (0.072) (0.095)

Export x Product FE YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES

R-squared 0.243 0.243 0.239 0.239 0.248 0.248 0.337 0.337
Observations 63,879 63,879 63,879 63,879 63,879 63,879 63,879 63,879

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 27: Animal trade and change in specialization at medium term-Developed countries

Manufacturing sector Resource Based Low Tech. Middle Tech. High Tech.

Drought's type Hydrological

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

Severity -0.055* -0.039 -0.099*** -0.033
(0.033) (0.029) (0.034) (0.046)

Frequency -0.084* -0.066* -0.119*** -0.009
(0.043) (0.039) (0.045) (0.060)

Export x Product FE YES YES YES YES YES YES YES YES
Time x Product FE YES YES YES YES YES YES YES YES

R-squared 0.209 0.209 0.210 0.210 0.208 0.208 0.342 0.342
Observations 81,517 81,517 81,517 81,517 81,517 81,517 81,517 81,517

Notes: Standard errors are clustered by exporting year level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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