Sobre México. Temas de Economía. Nueva Época, año 3, número 6 (julio-diciembre 2022), pp 40-80.

Allocation of drought relief
resources and its biased
impact on agricultural
production in Mexico
Asignación de recursos de respuesta
a sequías y su impacto sesgado en la
producción agrícola mexicana

Jesús Eduardo Robles Chávez
Universidad Panamericana, Campus Aguascalientes
jerobles@up.edu.mx

https://doi.org/10.48102/rsm.v1i6.111

Allocation of drought relief resources and its biased impact
on agricultural production in Mexico

Abstract

Resumen

Droughts, understood as natural and anthropogenic hazards, are studied as disasters, given the disruption they provoke
to “normality” and livelihood. From damages to crops and livestock to unemployment and migration, droughts are framed
as shocking events that carry negative
effects on human life. Still, the consequences of their response policies are often underdiscussed. This article presents
how post-drought investment increases
agricultural productivity, by using precipitation and economic production as main
factors for its allocation. Using data from
2003 to 2018 at the municipal level,
panel regressions and matching methods
are performed. Results indicate that those
municipalities with disaster declarations
and relief investment present a higher level
of yield in the future compared to municipalities with similar meteorological conditions but without disaster declaration.
The article shows how disaster definitions
matter as policy processes, given the consequences that programs and policies have
in the future of communities and in their
relationship with hazards.

Las sequias, entendidas como peligros naturales y humanos, son frecuentemente
estudiadas como desastres, dada la disrupción que provocan a la normalidad. Desde
daños a cultivos y ganado, hasta desempleo y migración, las sequias son conceptualizadas como fenómenos que traen
consecuencias negativas para la vida humana. Aun así, las consecuencias de las
políticas de respuesta a sequías no son
tan discutidas como las sequías en sí.
Este articulo presenta cómo la inversión
post sequía incrementa la productividad
agrícola, al utilizar criterios de precipitación y producción económica para su asignación. Con información para el periodo
2003-2018 a nivel municipal, los resultados de estimaciones de regresiones panel
y emparejamiento muestran que aquellos
municipios con declaración de desastre por sequía presentan niveles mayores
de productividad en el futuro que aquellos
municipios con condiciones meteorológicas similares, pero sin esta declaración.
Esto es un ejemplo de cómo las definiciones de desastres importan como procesos
de política, dadas las consecuencias que los
programas activados por dichas definiciones tienen en las comunidades y en su relación con los peligros que las rodean.
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1.Introduction
This article analyses the impact of drought relief investment in agricultural production. Disasters caused by droughts are described in social sciences as social
phenomena, since they are risks that are socially constructed (Llanes, 2003;
García Acosta, 2005). By understating how social interactions are the cause
for disasters, it becomes pertinent to study how society—through its government—defines and manages them. Sylves (2008) provides a frame to understand
disaster policies and politics, by dividing the complex phenomena into the study
of vulnerabilities, hazards, and their operational management. For disaster policies
and management, the literature focuses on understanding how societies operate,
respond, and prevent disasters. The main subjects of analysis are the programs
used in disaster management, such as official declarations. This literature provides frameworks for disaster response, best-practices reports (Coppola, 2015;
Haddow et al., 2003; Cigler, 2009), and basic criteria for humanitarian aid in
topics such as security and logistic organization (Schwartz et al., 2010; Garfield
et al., 2011; Tatham and Kovács, 2010; Bollettino, 2008). In the case of disaster
politics, extensive research exists on the power and identity relations that affect
social vulnerabilities and their relationship with the environment and its hazards.
Examples of how politics play an important role in disaster research are presented
in studies of causal stories that justify governmental practices, in studies of the
impact of political inequalities in the allocation of recovery recourses, and in
research on consequences of federalism in disaster impacts (Stone, 1989; RuizRivera and Melgarejo-Rodríguez, 2017; Tselios and Tompkins, 2019; Tselios
and Tompkins, 2017).
Disasters have a feedback loop since they increase poverty and inequality, which
are key components of vulnerability to future disasters (Karim and Noy, 2016;
Rodriguez-Oreggia et al., 2013; Carter et al., 2007; Keerthiratne and Tol, 2018).
Still, as discussed in this article, there is research about how disasters could carry
further development. Many authors have argued that disasters caused by small
and manageable hazards may have further economic development and growth
(after facing some increasing losses and then decreasing ones) if the countries have
strong institutions and low levels of inequality (Schumacher and Strobl, 2011;
Mohan et al., 2018; Klomp and Valckx, 2014; Fomby et al., 2013; Akao and Sakamoto, 2018; Cavallo et al., 2013; Vogel, 2013; Felbermayr and Gröschl ,2014).
However, this strand of research on the effects of disaster-policies disregards
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the political components of these phenomena. If disasters may bring development, it should be asked: Development for whom? What type of development?
What causes the development? How are resources allocated after disasters?
This article contributes to this gap between policies and politics, by analyzing
the effect of post-drought relief in agricultural production. Regarding the latter,
most of the research on agriculture and disasters focuses on how the environment
affects agricultural productivity. Specifically, there is research about the impact
on yield of weather and climate variables such as temperature, precipitation,
Growing Degree Days, or specific hazards, such as droughts, (Massetti et al.,
2016; Zhang et al., 2004; Chen et al., 2016; Mendelsohn, 2014; Schlenker
and Roberts, 2009; Mendelsohn and Massetti, 2017; Xie et al., 2018; Baez et al.,
2017). Furthermore, this article aims to understand the effects of post-drought
relief itself, rather than the effects of droughts on yield. The goal is contributing
to the disaster policy literature, presenting an example of the interactions between
governments, relief, damages, and hazards.
Droughts are a specific type of hydrometeorological hazard that can be classified as disasters according to the effects they have on society. There is evidence
that droughts imply a reduction in the long-term growth path for both developed
and developing countries. As a countermeasure, it has been found that human
capital accumulation and savings after a disaster detonate long-term growth
(Berlemann and Steinhardt, 2017). Like any type of policy or intervention,
drought programs are susceptible to public perception, given that it is needed
for policy elaboration. Aldunce et al. (2017) studied how droughts are included
in Chile’s policy agenda, finding that droughts are recognized more by their
impacts rather than by their meteorological indicators. Social and economic
impacts were relevant for droughts’ conceptualization. This implies an obstacle
for defining droughts as disasters, given the different effects of droughts in rural
and urban scenarios (Hooja, 2006). Rural studies showed how droughts are understood as long-term and complex disasters, with multiple impacts across time.
Askew and Sherval (2012) used the case of Australia to exemplify how often rural
landscapes favor short-term reactive programs, such as welfare subsidies, which
might further exacerbate the problem of resource dependence against droughts.
In urban settings, droughts represent a problem of water conservation and management, especially in poor and marginalized areas. The main policies for those
settings are rising awareness and decreasing the water usage (Palazzo et al., 2017).
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The previous point highlights a key feature in the management and definition of droughts. The hazard has both meteorological and hydrological causes.
Droughts are consequence of low levels of precipitation and of mismanagement
of underground water, rivers, and water reservoirs. Policies under the previous logic invest in dams and other infrastructures for hydrologic conservation
to counter meteorological irregularities. Water management is a main response
against droughts (Campos, 2015; Dantas et al., 2020). However, this double nature of droughts generates inconstancies in how they are measured and classified
as disasters, as presented by Below et al. (2007). Beyond the low levels of precipitation or the hydrological shortage, droughts as disasters are dependent on socioeconomic vulnerabilities. Even in long-term droughts, there are ambiguities
if the hazard itself should be classified as a disaster. This fact reflects how droughts
are socioenvironmental phenomena, and how their policies require an interdisciplinary approach. Still, the main challenge for drought policies has been
the short-term approach. Policies remain focused on supply food and innovate
water technologies, instead of investing in helping the impoverished population
and focusing on water conservation (Kallis, 2008). As an additional challenge,
droughts often overlap with other hazards, like the recent case with covid-19.
Such disasters interactions further limit food production and supply in contexts
of water scarcity (Mishra et al., 2021).
Mexico represents an example of the previous discussions on disaster policies
and politics, and drought management. Droughts are one of the common hazards that become a disaster in the country, with 1909 drought declarations at the
municipal level in the past 20 years (cenapred, 2020). Most of drought research
focuses on how droughts are measured, based on different precipitation indexes
across several states, such as Durango (Cortez-Villa et al., 2020), San Luis Potosí
(Campos-Aranda, 2018a; Campos-Aranda, 2018b), and Zacatecas (Ortiz-Gómez
et al., 2018). This shows how there are discrepancies of when droughts take place
according to the type of measurement used. However, as stated before, droughts
as disaster phenomena are also related to other variables, such as evaporation,
temperature, and most important, the use of hydric resources for industrial
and agricultural activities (Lobato Sánchez et al., 2019).
Besides the discrepancy in measures, droughts policies are common in the
country, which have been preventive and reactive. Scientifical and institutional
actions are acknowledged to solve the problem, but the country has communities that attach historical and religious values to the phenomena, which conflicts
44
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with the official interventions (Ortega-Gaucin 2018). Some of the programs
implemented in the country, together with the investment after a disaster declaration, are development of plans, water loss reduction, promotion of efficient
use of water, usage of crops that demand low levels of water, and increase of water
preservation and of precipitation capture (Cantú-Martínez, 2017).
Focusing on drought response policies, this article argues that post relief
investments can increase agricultural productivity, given the accumulation
and renewal of technology and capital. Based on the criteria by which droughts
are declared disasters, it is also argued that the investment allocation and the
consequent increase in yield could be biased by economic indicators. In the case
of Mexico, droughts are declared disasters based on precipitation criteria, rather
than water management, and based on the impacts in economic production (yield
and livestock lost). Through panel and matching estimations, we found that postdrought investment could increase yield from the second to the fifth year after
the disaster declaration. This productivity growth is predominant in municipalities with a greater amount of capital and technology, such as irrigation systems.
Section 2 unfolds the previous statements and presents the literature review
to support them. Section 3 presents the methods and the data used to analyze
Mexican drought policy. Section 4 displays the results and discusses the implications. Finally, Section 5 summarizes the article, recognizes its limitations,
provides insights for future research, and presents policy recommendations.

2 Literature review
Two research questions are made: How do disaster declarations by droughts
and the accompanying subsidies impact agricultural production? And how is this
impact distributed? To answer these questions the article estimates the impacts
of relief resources on agricultural productivity. It is argued that those investments could increase crop yield in the targeted communities, given the capital
accumulation and technological renovation created by the support and investment that follows each declaration. Answering the second research question, this
growth can be also biased by favoring producers with previous acquired capital.
Previous research has supported similar arguments by using two economic perspectives: endogenous growth and creative destruction. Both theories are also
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used as frameworks for the econometric analysis explained in Section 3 and
developed in Section 4.
A stated in the introduction, politics play a significant role in hazard response
and disaster definition. Therefore, it is pertinent to discuss the impacts that disaster interventions have on various aspects of society. Those impacts, together with
the hazard consequences, are not often distributed evenly, given the institutions
and vulnerabilities of the affected communities, and given the type of hazard
that caused the disaster. In the case of droughts and floods, both can be long
ongoing disasters with no direct impacts, and complex consequences in both
poverty and vulnerability (Karim and Noy, 2016). These types of hazards also
represent a challenge for relief allocation, given their political nature and the
complexity of the phenomena. Literature on direct disaster consequences shows
that a disaster can improve aggregated growth, but this growth goes along with
sustained poverty and inequality, which depend on expectations and adaptation capabilities (Karim and Noy, 2016). Disasters contribute to worsen poverty and inequality (Bui et al., 2014) and reduce the human development index
(Rodriguez-Oreggia et al., 2013).
Research on specific disasters response, which is closer to the purpose of this
article, argues that post-disaster recovery can also have negative effects. Kammerbauer and Wamsler (2017) analyzed the response to floods in Germany, finding evidence on how new patterns of insecurity arose for the citizens who were
not covered by any insurance or state support. On disaster measurement, disaster
policies tend to use damage estimation for their implementation, even if that
estimation is not systemic. In the case of the US, there is evidence of an increase
in the number of declarations emitted. It is probable that the increase in declarations not necessarily relates to an increase of damages, but to an increase in the
state’s performance to get relief and subsides by measuring more damages (Cutter and Emrich, 2005). The discrepancy becomes relevant given that (according to certain theories and scenarios) disasters can boost the growth of certain
economic sectors, by promoting investment and renewal of technologies. This
research is supported by the endogenous growth and creative destruction theories.
Regarding the endogenous growth theory, economic growth and development
do not depend on external factors or innovations. Instead, the accumulation
of capital is the factor that generates growth (Albala-Bertrand, 1993). Endogenous growth theory can be translated into agricultural production with the same
principles: the accumulation of capital and technology increases production
46
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and yield, rather than external forces. By accumulating tools, machinery, experiences, and labor force, farmers can increase their productivity. Under this
theory, there is evidence that points out to government spending, taxes, and savings as important variables that can translate investment into growth (Barro,
1990). Complexity can be added by including the effect of environmental taxes
and regulations (Desmarchelier and Gallouj, 2013). The endogenous growth
theory understands economic growth as a structural endogenous phenomenon,
in which technical progress is achieved by capital accumulation. Schumpeter
defines this process of endogenous growth as economies adapting to the environment, creating internal changes in their system that promote development. This
constant internal adaptation through technology accumulation and innovation
is better represented in the creative destruction concept, which is used to define
the structural changes experienced by different economies and industries (Gaytán and Metcalfe 2006).
Creative destruction, a parallel concept to endogenous growth, refers to the process in which economies, industries, firms, and even farms, change their structure
and behavior by getting rid of previous capital and technologies and acquiring
new ones. This decision can be voluntary or obligated, as occurs after a disaster.
Research made by Loayza et al. (2012) found that highly developed countries
can boost economic growth after a small-scale disaster by acquiring new capital from local and international investment. Is not the disaster itself that causes
growth, but the leading investment and spending (Qureshi et al., 2019). The process of creative destruction can be also represented in the agricultural sector.
After a disaster, both governments and international organizations may provide
investment and resources for farmers to acquire innovative technology or replace
the damaged capital. If the damage itself was not considerable, the innovative
technology could increase yield. The author highlights the fact that the growth
post-disaster is also stimulated by Foreign Direct Investment (fdi). Using data
from 1980 to 2011 for several countries, and by controlling for output growth,
quality of institutions, and natural resource abundance, Doytch (2019) found
that manufacturing fdi is negatively affected immediately after the disaster
and positively affected in the longer run. This finding is in unison with the creative destruction theory.
If it is true that growth does not replace the damages, it can be used as a proxy
of development. Moreover, the previous type of research on creative destruction presents a key limitation. Growth is often measured through gdp, which
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could imply an overestimation and an aggregation of the different impacts that
disasters and its relief subsidies have (Klomp, 2016). To understand the effects
of disaster subsidies in development and growth it is necessary to divide them
by types of hazards, their severity, and the level of government intervention. Contrasting with the common aggregated approach, Monllor and Murphy (2017)
studied individual motivations and effects on entrepreneurship after a disaster.
The negative effects on society were found to be drivers of behavioral changes.
Still, those changes were constrained by the immediate necessities after a disaster,
the desirable opportunities for development, uncertainty, fear, and limitations
created by the disasters. The authors classify resilience as a key feature for further
entrepreneurship, together with government investment (Monllor and Murphy,
2017). The same can be done to analyze the impacts of post-drought subsidies
in agricultural production, by focusing not only on its portion of gdp, but also
considering individual experiences of farmers and producers. The analysis should
also consider the various levels of aggregation and the heterogeneity of the effects,
according to the crops harvested. Additionally, both at an individual and aggregate level, the idea of creative destruction finds itself constrained by inequality. Crespo Cuaresma et al. (2008) found that being highly industrialized is a
key advantage to transfer investment into growth after disasters. Poorer countries have more challenges to get small spillovers with the acquisition of new
technology. As stated before, there is a spatial aggregation bias by using gdp as
dependent variable, which mismeasures decreases in population and underestimates broader negative effects of disasters (Yun and Kim, 2021). At the firm
level, creative destruction ignores the dynamics of poverty, inequality, and class
struggle, which follows the structural changes made by companies. Also, wealth
exploitation of labor generates limits for entrepreneurship (Selwyny, 2015). This
limitation also applies to the agricultural sector, since big producers who already
have a considerable amount of capital accumulated have easier access to resources
and technology needed in post-disaster recovery, in contrast with small farmers
and self-consumption producers.
As explained, research on disaster and disaster policies impact measurement
usually follow the endogenous growth theory and the creative destruction processes, which can be adapted into agricultural production and its state after disasters. Agriculture, as any economic activity, requires labor, capital, and land
to produce. Disasters threaten to damage those factors. Still, post-relief investment
can help to repair the damages and can even lead to the accumulation of capital
48
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and technology. In the case of droughts, the hazard damages the land, labor,
and financial capital, keeping equipment and tools intact, which is different
to what happens with other types of hazards. Therefore, it can be expected that
government interventions and foreign direct investments permit an accumulation of new capital, tools, and technology, which increase agricultural production
after a drought. However, the expected consequences of drought policies on agricultural production are constrained by the limitations of the theory. Beyond
models, agriculture is a complex activity that intersects environment and economy
across space. By going a step before the implementation of post-relief investment,
it is pertinent to ask which producers or municipalities are receiving the support.
What would happen if there were a bias in the municipalities in which a disaster is declared? In such cases, the consequences of capital accumulation would
be biased themselves.
According to the endogenous growth theory, the accumulation of capital
and technology following post-drought investment could lead to a growth
in productivity. Furthermore, according to the creative destruction process,
the replacement of old destroyed technology with new capital could increase
yield in the short and long run. Therefore, the criteria used to declare a drought
as a disaster and to activate relief and investment actions matters given their
impacts on production.

3 Methods
We perform an impact evaluation to understand the differences in the agricultural productivity in affected municipalities. We estimate fixed effects regressions
with panel data to consider previous differences between municipalities and their
innate characteristics. Also, a matching method is implemented by comparing
means of similar municipalities in key characteristics, such as climate, socioeconomic conditions, and previous disaster declarations (Bernal and Peña, 2011).
The objective is to obtain an estimation of the impact of declaring a drought as a
disaster and how this declaration can benefit certain municipalities over others,
even if those other municipalities have the same hydrometeorological conditions.
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3.1 Theorical Model
The theorical model comes from the adaptation of the endogenous growth and the
creative destruction theories to a production function for agricultural activity.
The causal mechanism to be evaluated is whether a hazard that negatively affects
agricultural production–by damaging the land, labor, and capital– can detonate growth, due to further investment that comes from declaring such hazard
as a disaster. Equation 1 adapts the Cobb-Douglas formula proposed by Klomp
and Valckx (2014), in which yield is in the function of environmental, institutional, and economic factors.

(

			 Y(c ,i ,t ) = f H (i ,t )X (Ii ,t )X (Ei ,t )X (Ri ,t )G (i ,t ) A

)

(1)

In the equation, Y represents the agricultural productivity of crop c in year t,
in municipality i. H accounts for the hazard and weather conditions in municipality i in time t. X I represents institutional factors such as the presence of risk
prevention mechanisms or grants for farmers; X E includes economic factors such
as input prices and labor; X R captures available technological inputs. G considers
governmental interventions after a disaster, such as drought-relief investments.
Finally, A represents the technical change. Both X I and X E provide a proxy
of municipal vulnerability and serve as a controlled measure of the impact of disaster declarations on yield. To translate this theorical model into an empirical
estimation, the article uses two types of identification strategies, as explained
in the following section.
3.2 Identification Strategies
Fixed effects models with panel data allow to compare the different treated
and control individuals in several periods, considering the innate characteristics
of the different unit of analysis. Some authors consider them equivalent to differences in differences models across periods, in which the data allows to replace randomness in the treatment with information on natural experiments
across time (Bernal and Peña, 2011). Given the complex reality where policies
are implemented, the method provides an identification strategy for causal relations by working with observational data and by developing exogeneity (Bernal
and Peña, 2011). In contrast with the two-periods differences in differences
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models, the panel approach avoids the problem of overestimation of significance
(Bertrand et al., 2004).
Ln (Y )(c,i,t
=) B0 + B1D(i ,t −1,) + B2D(i ,t −2) + B3D(i ,t −3) + B4 D(i ,t − 4,) + B5D(i ,t −5)
+ B6a No _ disasters (i ,t ,) + B6b No _ disasters (i ,t −1,) + B7tech(c ,i ,t )
+B8 proagro (i ,t ) + B9infl (t −1) + B10 gdp(s ,t −1) + B11 pct _ emp(i ,t −1)

(2)

+ B12atlas _ est (t ,s ) + B13atlas _ mun (i ,t ) + γ 1municipalityri + γ 2 yeart
+γ 3cropt + U (c ,i ,t ,)

Equation 2 translates the theoretical model into an empirical one, using panel data
available for Mexico. The estimation is focused on all crops in general and also
in each one of the six main crops in terms of production volume. The dependent
variable, Y, represents agricultural productivity measured as the natural logarithm of yield (tons / hectare) for crop c, municipality i, and year t. G captures
governmental interventions; D shows whether the municipality had a drought
declaration or not, and is the main treatment variable in periods from t-1 to t-5.
The declaration implies consequent government investment through the fonden
(Fondo de Desastres Naturales) program. fonden is a national fund responsible
for assigning and transferring resources for reconstruction to the entities that
ask for a disaster declaration. In the case of droughts, the resources are used
mainly for hydraulic infrastructure and construction of new wells. As an example,
in 2001 fonden resources were used to build a new water-well system to respond
to the drought affecting several municipalities in Chihuahua (Bitrán Bitrán et al.,
2002). The same state received the support of fonden in 2006 to repair the hydraulic infrastructure used in agriculture and livestock maintenance for several
producers across the affected communities (García Arróliga et al., 2007).
To measure institutional factors (X I), the model uses atlas_est and atlas_mun,
which are dichotomous variables that take value 1 if the municipality or the state
has a risk atlas in period t. In addition, the variable proagro measures the number of farmers that received subsidies from the government in municipality i in
period t. To represent the state of the economy (X E) the model uses active labor
force (number of citizens) in the municipality (pct_emp) and gdp at the state level
(gdp), both at period t-1. Inflation is accounted by the Consumer Price Index
in the country for the period t-1. A dichotomic variable, tech, is used to capture
the technological components of agricultural production (X R). The variable
takes value 1 if a crop used irrigation systems at municipality i, in year t, and 0
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otherwise. To consider other hazards, disasters, and weather conditions, component H, the number of disasters (no_disasters) in the municipality i is measured
for periods t and t-1. Fixed effects by municipality, year, and crop are added.
In addition, we use a second specification applying propensity-score matching. In equation 3, the propensity of getting a drought declaration was estimated
for each crop plantation in each cycle, by each technology, and for each municipality. After that, a common support was implemented through the minimum
and maximum criteria.

(

D(c ,i ,t ) = f weather(i ,t )disaster(i ,t )economics (i ,t )vulnerability(i ,t )

)

(3)

The propensity score estimation is composed by four types of variables. The first
set (weather) was defined by the official criteria established by the cenapred
and the fonden Rules of Operations (dof, 2010) for the emission of federal
drought declarations. The variables used were the average of the maximum number
of days without precipitations on the municipality during the year, the accumulation of precipitation from May to November for the municipality, and the average
of the mean and of the accumulation of precipitation for the municipality on the
decade before the analyzed year. The second group of variables (disasters) controls
for disaster declarations in the municipality the year before the hazard stroke.
The third group is composed by broader economic and institutional variables
(economics), such as state gdp, population, budget of the municipality, and the
presence of state and municipal risk atlas. In the fourth group (vulnerability),
inequality variables are used to measure vulnerability. Since disasters are the
interaction between hazards and society, it is relevant to include variables such
as poverty, income inequality, and household conditions to understand how they
play a role in receiving a disaster declaration. Further details of the variables
can be seen in Table 1 and in the data description.
The second identification strategy also uses the propensity score. The matching
method is a non-parametric estimation that consists of comparing the outcomes
of the individuals receiving the treatment with the outcomes of the individuals without the treatment but with similar characteristics (King et al., 2011).
The method has been used especially in evaluation of development policies, but it
has been also used in disaster research (King et al., 2011; Rephann and Isserman, 1994). However, by not being a parametric estimation, significance cannot
52
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be measured until several iterations of the estimation are made (bootstrapping).
A second limitation is related to the quantitative approach. As with other econometric estimations, matching depends heavily on the quality of the data that is used
to identify the pairs of the treated individuals that are going to be compared.
The matching method is used to compare the municipalities that received
a drought declaration with those municipalities with a similar propensity score
by precipitation measurements but without a declaration. The objective is to
simulate the counterfactual situation and get an estimate of the difference that
disaster declarations and further investment trigger in agricultural production.
The kernel algorithm was selected above k-nearest neighbors or a specific radius
to compare the treated municipalities with a weighted version of every observation in the sample. Figures 1-4 display the average accumulated precipitation
on the municipalities in the years with more drought declarations (2000, 2002,
2012, 2016). Those years were selected to provide more graphic evidence of the
precipitation difference between the supported municipalities by disaster declarations and the ones without federal support. The circled municipalities are the
ones with a drought declaration.
Figure 1. Drought disaster declarations and accumulated precipitation in year 2000

Source: Author's calculations using daymet data (nasa earth data, 2020; cenapred, 2020)
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Figure 2. Drought disaster declarations and accumulated precipitation in year 2002

Source: Author's calculations using daymet data (nasa earth data, 2020; cenapred, 2020)

Figure 3. Drought disaster declarations and accumulated precipitation in year 2012

Source: Author's calculations using daymet data (nasa earth data, 2020; cenapred, 2020)
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Figure 4. Drought disaster declarations and accumulated precipitation in year 2016

Source: Author's calculations using daymet data (nasa earth data, 2020; cenapred, 2020)

Since the matching method is non-parametric, the dimensionality of the data
had to be reduced. Therefore, the estimations are made independently for each
one of the main crops (maize, beans, forage oak, sorghum, tomato, and green
chile), and by each type of technology (irrigation and rainfed). The data used
was only for the spring-summer agricultural cycle, given that is the one in which
droughts affect more. The equation for the propensity score estimation is presented below (4).
PScore (c ,i ,t ) = B1Duration (i ,t ) + B2 Accumulated (i ,t ) + B3 Mean (i ,t )
+ B4 AccumulatedD(i ,t ) + B5 MeanD(i ,t )

(4)

3.3 Data
The main unit of analysis is municipal yield for different crops, which are divided
by three cycles available by year. Table 1 contains the summary of the variables
used to estimate the effect of receiving a drought declaration on municipal agricultural productivity. Also, it contains the additional variables used for the
drought declaration propensity score applied for the common support of the
panel estimations.
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Table 1. Summary of variables.
Variables

Source

N

mean

sd

min

max

Yield Tons harvested per
hectare of the crop c in
municipality i at year t

siap
(2018)

491,488

17.53

60.31

0

7,500

Yield (in natural Logarithm)
Tons harvested per hectare of
the crop c in municipality i
at year t

siap
(2018)

476,437

1.823

1.468

-3.912

8.923

D 1 if one or more drought
declarations happened in
municipality i at year t – e
(e = 1,2,3,4,5). 0 otherwise.

cenapred
(2020)

491,488

0.0106

0.103

0

1

No_disasters Number of
disasters in municipality i at
year t - 1

cenapred
(2020)

491,488

0.115

0.354

0

4

No_disasters_l1 Number of
disasters in municipality i at
year t - 1

cenapred
(2020)

491,488

0.157

0.410

0

5

Tech 1 if crop c reports
irrigation system in
municipality i at year t,

siap
(2018)

491,488

0.522

0.500

0

1

Proagro Number of farmers
benefited from proagro in
municipality i at year t

simbad
(2018b)

369,562

1,445

1,724

0

20,463

Infl Consumer price index in
state s at year t - 1

inegi
(2018a)

491,488

71.75

13.38

46.30

99.32

GDP Real GDP in state s at
year t - 1

inegi
(2018b)

461,386

441,838

319,048

67,733

1.543e+06

Pct_emp Active labor force in
municipality i at year t

simbad
(2018b)

397,909

1.931e+06

1.418e+06

230,524

7.476e+06

Atlas_est 1 if state s has a risk
atlas at year t, 0 otherwise

cenapred
(2018b)

491,488

0.539

0.498

0

1

Atlas_mun 1 if municipality
i hasa risk atlas at year t, 0
otherwise

cenapred
(2018a)

491,488

0.0840

0.277

0

1
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Duration Average of
maximum days without
precipitations in municipality
i at year t
Mean Mean of daily
precipitation from May to
November in municipality i
at year t
Accumulated Accumulated
precipitation from May to
November in municipality i
at year t
MeanD Mean of daily
precipitation from May to
November in municipality i
from t-10 to t-1
AccumulatedD Mean of
accumulated precipitation
from year in municipality i
from t-10 to t-1
population Number of
citizens in the state
Public_budget Budget of the
municipality i
analf% of illiterate population
of 15 years or older
sprim% of population aged
15 years or over without
completed primary school
ovsdD% of household’s
occupants without drainage
ovsee% of household’s
occupants without electricity
ovsae% of household’s
occupants without piped
water
vhac% of households with
any level of overcrowding
ovpt% of household’s
occupants with dirt floor
pl5000% of population in
localities of less of 5000
inhabitants
po2sm% of working
population with income up to
2 minimum wages
im Marginalization Index

nasa
earth data
(2020)

simbad
(2018a)

coneval
(2018b)
coneval
(2018c)
coneval
(2018a)

491,488

100.1

52.08

8

303

491,488

119.4

68.40

0.148

929.7

491,488

25,548

14,638

31.74

198,966

491,488

125.4

64.68

2.307

794.4

491,488

26,828

13,841

493.6

170,003

491,488

4.607e+06

3.280e+06

482,984

1.706e+07

374,393

2.091e+08

4.963e+08

400,849

7.762e+09

491,349

12.56

8.537

0.740

75.81

491,349

33.42

12.74

4.020

92.12

491,349

8.903

11.52

0

93.72

491,349

3.770

6.268

0

98.95

491,349

12.40

15.75

0

100

491,349

43.83

13.13

9.950

91.06

491,349

14.05

15.61

0

98.09

491,353

65.33

33.77

0

100

491,349

58.96

17.60

6.400

98.99

491,349

0.749

0.535

0

5.027

Source: Author’s elaboration.
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4 Results and discussion
Through the endogenous growth and creative destruction theories, it was argued that
post-disaster relief investment could increase agricultural productivity given the accumulation and acquisition of new technology and capital. It was also argued that
this growth could be biased if the benefited municipalities were the ones with higher
levels of capital before the disaster.
4.1 How do disaster declarations and the accompanying investments impact
agricultural production?
Droughts by themselves are hazards composed of meteorological variations and hydrological management. In the case of Mexico, droughts are declared disasters when
the lack of precipitation compromises agricultural production. Moreover, declarations themselves imply a series of institutions and programs to be activated to help
the affected communities. This section focuses on understating how declarations,
and their subsequent programs, affect agricultural production. Under the creative destruction theory, the main hypothesis is that those municipalities affected by droughts
can increase their agricultural productivity in years coming after the drought, with
the acquisition of capital and investment post-declaration. As discussed later in the
section, results for the panel and matching models present empirical evidence of such
investment effect.
Results of the panel estimations corresponding to equation 2 are displayed in Table
2. Five specifications are used. Model I corresponds to the whole sample (2008-2018
given the lagged variables) with municipal and year fixed effects. Models II and III add
crop and cycle (spring-summer, autumn-winter, perennial) fixed effects, respectively.
Model IV and V replicate Models II and III but using the sample resulting from
filtering the data by max-min criteria after estimating the propensity score (results
of this estimation are in Appendix 1). The max-min criteria establish as lower bound
the minimum propensity score of the municipalities with a drought declaration,
and as upper bound the maximum propensity score of the municipalities without
a drought declaration. For all the regression models, we used robust standard errors
to correct for possible heteroscedasticity. Fixed effects are justified with results of Table
3. Random effects and fixed effects models were compared by estimating the regressions functions for each of the main crops and by using the main cycle and irrigation
technology (spring-summer/rainfed). Results point out that fixed effect are preferable for all models. Therefore, all-crops inclusive models of Table 2 use fixed effects.
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Table 2. Panel estimations
Variables
D t-1
D t-2
D t-3
D t-4
D t-5
infl
No_disasters
Pct_emp
No_disasters t-1
GDP

59

I

II

III

IV

V

-0.0861

-0.0486

-0.0503

0

0

(0.0998)

(0.0343)

(0.0341)

(.)

(.)

0.213***

0.0955***

0.0948***

0.0855***

0.0848***

(0.0297)

(0.0128)

(0.0128)

(0.0133)

(0.0133)

0.192***

0.105***

0.105***

0.0953***

0.0955***

(0.0287)

(0.0124)

(0.0123)

(0.0132)

(0.0131)

0.176***

0.0813***

0.0817***

0.0721***

0.0724***

(0.0291)

(0.0127)

(0.0127)

(0.0131)

(0.0131)

0.228***

0.0983***

0.0987***

0.0939***

0.0942***

(0.0282)

(0.0121)

(0.0121)

(0.0125)

(0.0125)

-0.0153**

0.000383

0.000332

0.00186

0.00183

(0.00575)

(0.00243)

(0.00243)

(0.00263)

(0.00263)

0.116***

-0.0136***

-0.0175***

-0.0164***

-0.0196***

(0.00916)

(0.00383)

(0.00386)

(0.00429)

(0.00432)

0.000000107*

6.40e-08***

6.43e-08***

4.68e-08*

4.71e-08*

(4.68e-08)

(1.87e-08)

(1.87e-08)

(1.94e-08)

(1.94e-08)

0.0126

0.00790*

0.00758*

0.00784*

0.00759*

(0.00821)

(0.00336)

(0.00335)

(0.00369)

(0.00369)

0.000000102

0.000000239***

0.000000236***

0.000000217**

0.000000215**

(0.000000155)

(6.60e-08)

(6.60e-08)

(6.98e-08)

(6.98e-08)
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proagro

0.00000578

-0.00000149

-0.00000145

-0.00000457

-0.00000455

(0.00000707)

(0.00000308)

(0.00000307)

(0.00000330)

(0.00000330)

-0.0131

0.00156

0.00155

-0.000453

-0.000362

(0.0153)

(0.00667)

(0.00667)

(0.00733)

(0.00733)

0.0238*

0.0156**

0.0153**

0.0239***

0.0237***

(0.0117)

(0.00505)

(0.00505)

(0.00580)

(0.00580)

1.124***

0.603***

0.613***

0.599***

0.607***

(0.00791)

(0.00356)

(0.00378)

(0.00385)

(0.00409)

2.640***

0.291

0.254

0.217

0.192

(0.386)

(0.178)

(0.179)

(0.190)

(0.190)

172281

172281

172281

144997

144997

0.334

0.888

0.888

0.884

0.884

Common Support

N

N

N

Y

Y

Mun FE

Y

Y

Y

Y

Y

Year FE

Y

Y

Y

Y

Y

Crop FE

N

Y

Y

Y

Y

Cycle FE

N

N

Y

N

Y

Robust SE

Y

Y

Y

Y

Y

Atlas_mun
Atlas_est
tech
_cons
N
R-sq

Source: Author’s elaboration.
Note: Standard errors in parentheses. * p<0.05, **p<0.01, *** p<0.001.
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According to the estimations and following the hypothesis of the article, drought
declarations are followed by an increase in yield after its emission. From Models
II through V, we can see that the increase in yield resulting from a drought declarations 2 years in the past goes from 8.5% to 9.5 %. Additionally, the estimations
consistently show that disaster declarations in previous years also implied a higher
level of productivity, going from 9.5% to 10% if the declaration was made 3 years
before, from 7.2% to 8.1% if it was made 4 years before, and from 9.4% to 9.6%
if the declaration was made 5 years before. The results are aligned with the creative
destruction and the endogenous growth assumption, in which investment after
a disaster could increase productivity given the acquisition of technology and capital (Gaytán and Metcalfe, 2006; Klomp, 2016; Klomp and Valckx, 2014; Loayza
et al., 2012). Still, this increase in yield post-disaster is not exclusive from drought
declarations. In Models II to V the variable no_disasters, which measures the number of disasters declared in the municipality during that year, represents a diminish
of yield between 1.3% and 1.9%. However, the no_disasters t-1 shows an increase
in productivity of 0.75 %, which implies that previous declarations could lead
to increases in productivity after a year, even if they are not enough to compensate
the losses from contemporaneous declarations.
Relative to institutional variables, neither proagro nor atlas_mun showed significant coefficients. However, atlas_est presented a positive significant effect between
1.5% and 2.3%, and this result is consistent along Models II through V. This increase
in yield does not imply that designing a state risk atlas would increase productivity itself, but it could represent how the process of designing and doing research
for the risk atlas provides information and experience to the farmers about the environment and their hazards. For the economic variables, coefficients estimations
resulted as expected. Both pct_emp and gdp were related with small but significant
increases in yield across all the models. Inflation in the previous year had a negative
significant effect only in Model I. At last, irrigation, measured through the variable tech, showed an expected positive and significant coefficient relative to yield,
implying an increase of productivity of about 60% for the crops harvested under
irrigation systems. For a more specific analysis and recognizing that the previous
estimations considered more than 80 crops with different characteristics and needs,
Table 3 presents the estimation used in Model III of Table 2 for the 6 main crops,
at the group and the individual levels. For all the individual crops’ models, Hausman test results are shown for the regression made at spring-summer cycle with
a rainfed form of irrigation. Robust standard errors were also used.
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Table 3. Panel estimations at crop level
Variables

Main crops

Maize

Beans

Forage oak

Sorghum

Tomato

Green chile

D t-1

-0.131

-0.219

-0.225*

0

0

0.296

-0.116

(0.0843)

(0.132)

(0.0672)

(0.326)

(0.0951)

0.163***

0.175***

0.122***

0.115***

0.217***

0.295***

0.0957*

(0.0207)

0.0339)

(0.0364)

(0.0350)

(0.0440)

(0.0738)

(0.0542)

0.154***

0.159***

0.102***

0.0766*

0.151**

0.381***

0.175***

(0.0205)

(0.0349)

(0.0321)

(0.0365)

(0.0519)

(0.0704)

(0.0505)

0.123***

0.167***

-0.000677

0.115**

-0.0851

0.399***

0.128*

(0.0221)

(0.0338)

(0.0343)

(0.0448)

(0.0660)

(0.0686)

(0.0508)

0.156***

0.163***

0.0165

0.135***

0.117*

0.377***

0.185***

(0.0205)

(0.0318)

(0.0321)

(0.0435)

(0.0478)

(0.0791)

(0.0539)

0.00589

0.0116*

-0.0190***

0.0412***

0.000361

-0.0138

0.00745

(0.00363)

(0.00471)

(0.00570)

(0.0120)

(0.00772)

(0.0153)

(0.00975)

-0.0223***

-0.00886

-0.0125

-0.186***

-0.0369*

-0.0158

-0.000204

(0.00624)

(0.00721)

(0.00889)

(0.0399)

(0.0179)

(0.0223)

(0.0163)

0.000000261***

0.000000310***

8.25E-08

0.000000347***

0.000000113

0.000000341**

1.33E-08

(3.01e-08)

(3.84e-08)

(4.82e-08)

(6.02e-08)

(0.000000110)

(0.000000124)

(0.000000135)

0.0128*

0.0146*

0.012*

0.0372*

-0.000404

-0.0353

0.0216*

(0.00467)

(0.00525)

(0.00608)

(0.0184)

(0.0128)

(0.0162)

(0.0107)

-0.000000281*

0.000000341*

0.000000525**

-0.00000189***

-0.000000375

-0.000000501

0.00000124***

(0.000000113)

(0.000000136)

(0.000000178)

(0.000000285)

(0.000000228)

(0.000000399)

(0.000000305)

D t-2
D t-3
D t-4
D t-5
infl
No_disasters
Pct_emp
No_disasters t-1
GDP
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proagro

0.0000048

-0.00000104

0.00000756

0.00000701

0.00000392

0.0000385

-0.00000126

(0.00000519)

(0.00000740)

(0.00000867)

(0.0000115)

(0.0000131)

-1.98E-05

(0.0000137)

0.0166

0.0390**

-0.017

-0.0391

0.0362

-0.0367

-0.00443

(0.0113)

(0.0139)

(0.0179)

(0.0241)

(0.0234)

(0.0000175)

(0.0264)

0.0521***

0.00983

0.0613***

0.134***

-0.0071

0.0535*

0.0547**

(0.00791)

(0.00997)

(0.0134)

(0.0266)

(0.0192)

(0.0281)

(0.0197)

0.820***

0.955***

0.715***

0.550***

0.591***

0.312***

0.282***

(0.00550)

(0.00732)

(0.0104)

(0.0181)

(0.0156)

(0.0314)

(0.0302)

1.517***

-0.571

-0.0697

-0.107

0.836

3.567***

1.091

(0.253)

(0.371)

(0.440)

(0.778)

(0.481)

(0.999)

(0.641)

N

64990

29676

16184

5494

5521

4092

4023

R-sq

0.881

0.778

0.69

0.696

0.693

0.871

0.902

384.79

138.58

73.43

67.42

31.96

13.11

atlas_mun
atlas_est
tech
_cons

Hausman Test
(chi-sq)
Mun FE

Y

Y

Y

Y

Y

Y

Y

Year FE

Y

Y

Y

Y

Y

Y

Y

Crop FE

Y

N

N

N

N

N

N

Cycle FE

Y

Y

Y

Y

Y

Y

Y

Robust SE

Y

Y

Y

Y

Y

Y

Y

Source: Author’s elaboration.
Note: Standard errors in parentheses. * p<0.05, **p<0.01, *** p<0.001.
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Results from the individual crop estimations are consistent with what was previously described. Yields for the different crops were positively influenced by drought
declarations in previous years, with increases from 11.5% (forage oak) to 29.5%
(tomato) resulting from declarations 2 years before the period of analysis. The effect
of previous years was heterogeneous according to the type of crop, but all showed
significant and positive increases in yield with exception of beans, for which
drought declarations from more than 3 years before did not have any significant
influence on yield. About disaster declarations by other hazards, the results vary
according to the crop. Disaster declarations in the period of analysis had negative effects only in models using all the main crops (-2.3 %), forage oak (-18.6 %),
and sorghum (-3.6%). The disaster declarations of the previous years had positive
significant effects on yields just for models with the main crops (+ 1. 2%), maize
(+1.4%), and forage oak (+3.7%).
The variable used to control by institutional factors of agricultural productivity
also showed consistent results with Table 2. Proagro showed no significant coefficients for neither of the models, and atlas_mun showed only a positive coefficient
of 3.9% for the maize model. Atlas_est was the variable with the most significant
results across crops, showing increases in yield from 5% to 13% depending on the
crop. For the economic control variables, pct_emp and gdp showed positive effects on yield. Infl presented significant but contradictory results for the model
of beans and forage oak. As in the previous models, irrigation (tech) showed positive and significant effects for all the specifications, implying increases in yield
from 28% (green chile) to 95% (maize) for those crops.
For the second identification strategy, a new propensity score was calculated
using the data available on the daymet (nasa data, 2020) database and following
the criteria used by cenapred to declare a drought a disaster (dof, 2010). Table
4 shows the results of a probit model used to regress the presence of a drought
declaration on the average of the maximum number of days without precipitation
during the year, the accumulated precipitation from May to November of the
year of analysis, and the average of the previous decade of that accumulation
for the municipality.
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Table 4. Propensity score estimation for common support
Variables
duration

I
5.87e-06***
(8.04e-07)

accumulated

-8.37e-08***

AccumulatedD

1.70e-08***

(9.95e-09)
(2.43e-09)
Observations

117,343

Source: Author’s elaboration.
Note: Standard errors in parentheses. * p<0.05, **p<0.01, *** p<0.001.

Duration shows positive significant effects, implying that those municipalities with
a bigger number of days without precipitation have a higher probability of receiving
a drought declaration. On the contrary, accumulated presented a negative but significant coefficient, meaning that municipalities with higher levels of accumulated
precipitation during the period May-November are less prone to receive a disaster
declaration. At last, accumultedD presents a positive a significant coefficient, meaning that municipalities with higher average accumulated precipitation from May to
November during the decade have a higher chance of having a drought declaration.
This could be counterintuitive, however, Mexican disaster policy favors those municipalities that are not used to droughts when declarations are emitted, given that it is
expected that drier municipalities and states should be in constant training and planning according to its environmental conditions (dof, 2010). The means for the period
and for the decade were also included in the estimation, but they were omitted given
the perfect multicollinearity that both variables presented.
The matching was made by a kernel method (Bernal and Peña, 2011), which compares observations with their peers and weights according to the propensity score.
The common support can be seen in Figure 5. Given the computational complexity
of the model, the matching was only performed for the four most common crops
in terms of volume of production, using as a sample the spring-summer season (the
most affected by droughts) for both types of technologies (I for temporal, II for irrigated). Results are presented in Table 5. Appendix 2 contains Tables A2.1 and A2.2
with results by 5-nearest neighbor matching and radius matching.
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Figure 5. Propensity score by groups
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Table 5. Matching results after bootstrap

D t-1

Obs.

Sorghum
I

Sorghum
II

Forage
Oak I

Forage
Oak II

Bean I

Bean II

Maize I

Maize
II

0.0388

0.343***

-0.416***

-0.203*

-0.269***

0.131**

-0.0218

0.188**

(0.143)

(0.110)

(0.150)

(0.121)

(0.0632)

(0.0663)

(0.0894)

(0.0928)

6,709

3,096

5,099

2,336

18,657

7,174

30,593

13,572

Source: Author’s elaboration.
Note: Standard errors in parentheses. * p<0.05, **p<0.01, *** p<0.001

From one side, and according to the creative destruction theory, sorghum in irrigation, bean in irrigation, and maize in irrigation showed an increase in yield
given a drought declaration in contrast with its matched counterparts. This
increase was between 13% (bean) to 34% (sorghum). However, crops as forage
oak with and without irrigation, and bean without irrigation showed negative effects on its yield if a drought was declared a year before, in contrast with
its counterparts. The benefits of matching are that each municipality and each
crop are compared against its weighted pairs according to the propensity score
delimited by the fonden rules. Results show that disaster declarations indeed
have a positive effect on yield, but mainly in those municipalities in which crops
were already produced with irrigation technology. These differences relate to the
second research question.
4.2 How is this impact distributed?
The last research question to be answered relates to the distribution of the possible positive effects presented in the previous section. It was shown how in some
scenarios, the investment and support given after declaring a drought as a disaster
(more than the drought itself) can increase yield. However, as previously discussed,
the disaster declaration of droughts is a political process guided by economic
and meteorological guidelines. Therefore, we asked if this process is leading to the
increase in productivity. As discussed in the introduction, drought declarations
are part of a policy process. In Mexico, the main criteria used to declare a drought
are the relative lack of precipitation, and the number of economic losses both
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in agricultural and livestock production. It could be implied that the infrastructure to be protected is the hydrologic one, especially the one oriented to farming and agricultural production. Under this logic, it can be expected that those
municipalities with bigger or more relevant amounts of agricultural production
are more prone to receive a disaster declaration for droughts than the municipalities with smaller producers. A drought in the first type of municipality would
imply a bigger number of losses for the economy. This could be linked to the idea
of declarations as a tool to gain a political benefit from the beneficiaries. Still,
what is the implication of this favoring type of policy?
The answer relies on the first research question, in which, through empirical estimations, it was argued that post-drought relief resources could increase
the yield among different crops. The hypothesis was that further investment after
a drought could contribute to capital accumulation and renewal of technologies for the agricultural producers, which in the medium run increases yield.
The different specifications in the panel models showed how after 2 to 5 years from
the drought, the municipalities with a declaration of disaster presented higher
levels of yields. Furthermore, through matching, it was presented how mainly
the crops with previous irrigation systems can take advantage of the post-drought
resources to increase yield. Indeed, the creative destruction and endogenous
growth theories apply in this situation, but mainly for those municipalities with
previous high levels of capital and production. That is the importance of how
droughts are declared disasters. If the main drought policy is based on economic
and meteorological criteria, those municipalities which represented an important
part of the agricultural production of the country will be favored with drought
relief resources after low levels of precipitation, independently if their hydrological management is responsible or not. As consequence, those resources just result
in higher levels of productivity and more protection in the future. Figure 6 below
shows the vicious cycle that the drought policy in Mexico presents for agriculture.
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Figure 6. Drought policy vicious cycle

4. Higher chance to
get post-drought
investment
and relief

3. Higher chance for
droughts to be declared
as disasters

1. Higher
agricultural
production

2. More exposed
to drought losses

Source: Author's elaboration.

However, two limitations should be acknowledged for this proposition. The first
one is related to the role of organizations and their relations with hazards. The article does not ignore the damage and suffering that drought causes. Droughts
are not the ones bringing growth, but the institutions and programs activated
by them are. Regarding the institutions, it should be stated that disasters are managed at all levels according to the Mexican disaster policy. Even if the disaster
policy is mainly dictated by the federal government, local and state offices,
in addition to ngos, participate with programs, policies, and resources, which
can be implemented to manage droughts and their consequences. Even if those
institutions and organizations exist, they were not included to maintain the scope
of the analysis at the federal policies and drought definition. Still, it should
be acknowledged that disaster response is a complex phenomenon with multiple
actors intervening. The second limitation is related to the level of aggregation
used for the empirical estimation. Constraining the equations at the municipal
level leaves aside the individual behavior presented by small and big farmers
or even industrial producers in the agricultural sector. Even if it was showed that
some municipalities experience growth after a drought, it is possible that inside
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the municipality the growth itself is not evenly distributed, and that the bias
for previous existing capital at municipal levels is also presented at the producer
level. Therefore, big producers could be the ones favored by resources and allocation of relief inside the municipality.

5. Conclusion
Disasters are not natural. They are a result of social and environmental processes
converging in negative and disruptive consequences for some systems. Therefore,
the agency of humans in prevention, response, and recovery from disasters should
be acknowledged. This article focused on the effect of drought policies in agriculture. Droughts are natural hazards damaging human activities, and their
response policies are not often analyzed and discussed. Therefore, the article uses
Mexican drought policies as a case study. The econometric estimations showed
that official/federal post-drought relief could increase yield in 2 to 5 years after
a drought declaration. This increase was more notorious in municipalities with
previous infrastructure and capital, such as irrigation systems. Limitations should
be detailed. For the estimations, the main limitation is the level of aggregation.
Municipal data was used both to measure the agricultural productivity and disaster investment through disaster declarations. This does not allow to control
by specific characteristics of each producer, like farm size, specific inputs applied
to the fields (fertilizers), or type of technologies used. Using municipal data adds
the response of small and big producers together, which could experience differently droughts and response policies according to their levels of capital and resilience. It also implies that the infrastructural improvements made by fonden
have the same effect for all producers.
Therefore, further research should acknowledge the different perspectives,
voices, and actors that participate in drought-caused disasters at distinct levels,
together with their definitions and policies. Relative to the econometric approach,
data at the producer level could be used to refine the estimations and adjust for the
individual levels of capital and technology available for each producer before
and after the drought. Data on crop prices and previous and present weather conditions should be added to control by producer rationality and adaptability. To reduce even more the scope of the analysis, region-specific cases could be used, given
the heterogeneity of climates present in the country and in the municipalities.
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Despite the above, the main implication is that disaster definitions matter.
Through endogenous growth and creative destruction, this distribution of investment and resources could imply recovery and resilience for communities, or a
cycle in which those with infrastructure and capital receive the means to increase
their productivity and their ability to cope with disasters. This shows how disasters are more the consequence of a set of institutions than the consequence
of hazards. Therefore, the policy recommendations of this article are centered
on reforming the disaster and drought policy institutions in Mexico.
The first recommendation is on the criteria to declare drought disasters.
Droughts are both the result of low levels of rainfall and mismanagement of resources. Therefore, hydrological criteria should be used to declare droughts. It also
matters how water is managed, especially in the context of low precipitation.
The second recommendation is to include social and economic vulnerability indicators in the process of resource allocation. Pure economic indicators bias the relief resources allocation given the capital concentration that could be presented
across the country. It not only matters how many livestock and hectares are lost
but also who is losing them and how much it represents of its total production.
As a final recommendation, droughts should be understood as long processes, with
no clear spatiality and temporality, therefore its management should go beyond
the response to droughts declared in a year in a specific municipality. Local, state,
and federal offices should coordinate to treat droughts as continuous phenomena
resulting from meteorological changes, hydrological management, and economic
and social variability. As stated in the new law of civil protection (dof, 2020a),
droughts are not sudden events. According to the economic estimations, policies
such as local and state risk atlas, and technologies as irrigation systems could
help to prevent and respond to the negative effects of droughts. However, if the
objective is to even the positive effects that come with post-drought policies, it is
necessary to understand and change how droughts are framed as disasters. Society may not have control over how much it rains, but it has control over how the
water (or the lack of it) is managed. Periods of drought could be natural; their
disastrous consequences are not.
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Appendix
Appendix 1. Propensity score estimation for the panel model
Variables
duration

I
1.25e-06***
(1.54e-07)

accumulated

-1.64e-08***
(1.90e-09)

AccumulatedD

5.22e-09***

gdp

1.50e-10***

(6.31e-10)
(0)
Irrigation ratio

2.33e-07
(4.28e-06)

population

2.86e-10***
(0)

Pct_emp

-7.08e-10***
(8.62e-11)

budget

-0***

proagro

5.51e-09***

(0)
(9.13e-10)
atlas_est

-9.35e-05***
(1.27e-05)

atlas_mun

-1.71e-05***

analf

-2.46e-06***

(3.31e-06)
(6.36e-07)
sprim

-1.43e-06***
(3.62e-07)

ovsdD

1.81e-06***
(3.29e-07)

ovsee

6.27e-06***

ovsae

6.40e-07***

(7.79e-07)
(1.80e-07)
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vhac

-5.06e-06***
(6.29e-07)

ovpt

-5.98e-06***
(7.38e-07)

pl5000

-4.79e-07***
(7.61e-08)

po2sm

-5.35e-07***

im

-6.47e-05***

(1.42e-07)
(8.56e-06)
No_disaster t-1

4.43e-05***
(5.94e-06)

Observations

265,121

Source: Author’s elaboration.
Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Appendix 2. Propensity score estimation for the panel model
Table A2.1 Matching results with 5 neighbors without replacement

D t-1

Obs.

Sorghum
I

Sorghum
II

Forage
Oak I

Forage
Oak II

Bean I

Bean II

Maize I

Maize
II

0.0307

0.323***

-0.320***

-0.0959*

-0.202***

0.122**

-0.0650

0.220**

(0.110)

(0.0695)

(0.129)

(0.0872)

(0.0625)

(0.0679)

(0.0879)

(0.0523)

6,709

3,096

5,099

2,336

18,657

7,174

30,593

13,572

Standard errors in parentheses. * p<0.05, **p<0.01, *** p<0.001

Table A2.2 Matching results with radius and 0.3 caliper

D t-1

Obs.

Sorghum
I

Sorghum
II

Forage
Oak I

Forage
Oak II

Bean I

Bean
II

Maize
I

Maize
II

0.266***

0.267***

-0.456***

-0.119*

-0.331***

0.151**

-0.318

0.253**

(0.0665)

(0.0575)

(0.102)

(0.0658)

(0.0428)

(0.0414)

(0.0558)

(0.0462)

6,709

3,096

5,099

2,336

18,657

7,174

30,593

13,572

Standard errors in parentheses. * p<0.05, **p<0.01, *** p<0.001
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