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skills
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Abstract Socio-emotional skills are key determinants of adult life outcomes. Significant changes in eco-
nomic conditions can affect the formation of such skills, especially at more vulnerable ages. In this paper,
we study how a long-lasting economic shock affected adolescents’ accumulation of socio-emotional skills.
We considered as economic shock a long-lasting exogenous drought that occurred in the Brazilian semi-arid
region. Comparing students exposed versus not exposed to the drought, we found evidence that the drought
episode significantly reduced students’ conscientiousness skills, a skill related to persistence, organization,
and focus. Extroversion also affects negatively, however, the estimation is imprecise. We confirmed these re-
sults by investigating the facets related to each socio-emotional trait. We also find a relevant role of parental
quality in moderating the effect of economic shock on socio-emotional skills. Finally, we relate the main
results to the lack of household resources caused by the drought. Recent expectations about climate change
suggest that events such as droughts tend to become more frequent and intense. Our findings indicate that
it may be necessary to design specific public policies to mitigate the effect of droughts on socioemotional
skills.

Keywords:: socio-emotional skills, Climate Change, Drought shock
Resumo As habilidades socioemocionais são fundamentais para os resultados econômicos na vida adulta.
Mudanças significativas nas condições econômicas podem afetar a formação de tais habilidades, especial-
mente em idades mais vulneráveis. Neste artigo, estudamos como um choque econômico duradouro afetou
o acúmulo de habilidades socioemocionais em adolescentes. Consideramos como choque econômico uma
seca de longa duração que ocorreu na região semi-árida brasileira. Comparando estudantes expostos versus
não expostos à seca, os resultados evidenciam que o episódio de seca reduziu significativamente as habili-
dades de consciensiosidade dos estudantes, uma habilidade relacionada à persistência, organização e foco.
A extroversão também foi afetada negativamente, no entanto, a estimativa é imprecisa. Tais resultados são
confirmados investigando as facetas relacionadas a cada traço socioemocionais. Adicionalmente, foi verifi-
cado que o papel parental é relevante para a moderação do efeito do choque econômico sobre as habilidades
socioemocionais . Finalmente, tais resultados são resultados com a falta de recursos domésticos causada pela
seca.
Palavras-chave: Habilidades socioemocionais, mudanças climáticas, choques de seca

JEL Codes: I2, I28, I24
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1 Introduction
Socio-emotional skills influence a wide range of individual and societal outcomes (HECK-

MAN; JAGELKA; KAUTZ, 2019; ALMLUND et al., 2011). Such skills can be defined as the
individual capacities that are manifested in consistent patterns of thoughts, feelings, and behav-
iors, that can be developed through formal and informal learning experiences, and that influence
important socio-economic outcomes throughout the individual’s life, like educational attainment,
wages, job performance, and health outcomes (OECD, 2017). Recent evidence documents rising
returns of non-cognitive skills in comparison with cognitive skills (literacy and numeracy) in the
2000s (EDIN et al., 2017; DEMING, 2017), suggesting the growing importance of these skills
for the labor market. A key factor to socio-emotional skills formation is the economic conditions.
Changes in economic variables can drastically affect the accumulation of non-cognitive skills, and
the magnitude of this effect depends on the individual’s stage of social-emotional development
(KANKARAŠ; SUAREZ-ALVAREZ, 2019). Particularly, one vulnerable group is adolescents1.
Exposure to larger economic shocks during this critical period of development can lead to socio-
emotional deficits that have consequences for their future well-being.

Despite the large number of evidences about the impact of aggregated shocks on cognitive
skills or schooling, surprisingly, few studies addressed the effect of large economic downturns on
non-cognitive skills, exceptions are (ADHVARYU; FENSKE; NYSHADHAM, 2019; AKEE et
al., 2018; MEHRA; STOPNITZKY; ALLOUSH, 2019; NORDSTROM; COTTON, 2020). This
paper attempt to contribute by investigating the impact of a long-lasting drought shock on Brazilian
students’ socio-emotional traits2.

We follow a widely used approach that exploiting variation in local rainfall as proxy for
local economic variations (see (SHAH; STEINBERG, 2017; BURKE; GONG; JONES, 2015;
CORNO; HILDEBRANDT; VOENA, 2020) among others). However, differently from the stan-
dard approach that considers short-run shocks, our drought event corresponds to a persistent period
of below normal precipitations. From 2012 to 2017, the Northeast region of Brazil was affected
by an unprecedented and long-lasting dry episode caused mainly by three exogenous factors: an
abnormally high sea surface temperature (SST), and the successive events of La Niña (2010-2011)
and El Niño (2015-2016). The combination of these factors produced a period of six consecutive
years of drought in the region3. We exploit this unique and exogenous episode to estimate its impact
on adolescents’ socio-emotional traits.

To measure the socio-emotional traits 4, we use a survey applied to secondary students in
Ceará, a Northeast state of Brazil. This instrument, called the SENNA instrument, measures the
five socio-emotional traits of the Big Five inventory: Conscientiousness, Openness, Extroversion,
Agreeableness, and Emotional Stability. The instrument was developed by a group of specialists,
and its statistical properties were extensively tested (PRIMI et al., 2016b). We compare differences
in the socio-emotional skills in students that lived in municipals highly exposed to drought (above
75th percentile) relative to students who lived in municipals not exposed to droughts.

Our results suggest that the long-term drought episode affect adversely the conscientious-

1Adolescents have several behavioral biases that affect investments in human capital and can be intensified with
greater and unexpected changes in the economic conditions, see Steinberg (2014), Bursztyn, Egorov e Jensen (2019),
Lavecchia, Liu e Oreopoulos (2016)

2We will consider the following terms as interchangeable: socio-emotional skills, socio-emotional traits, personality
traits, non-cognitive skills.

3The last time a similar phenomenon occurred was over a hundred years ago (MARENGO et al., 2018).
4We use the terms social-emotional skills, personality traits, and non-cognitive skills as synonyms in this paper.
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ness’ skill, which is related to the ability that helps to focus the attention and behavior on the
relevant things when we need to meet standards. The conscientiousness skill potentially affect
long-term individual outcomes, like college attendance, high school or university graduation, and
others associated with persistence and focus on long-run objectives (HECKMAN; MOSSO, 2014;
ALMLUND et al., 2011; HECKMAN; JAGELKA; KAUTZ, 2019). The extroversion’s skill are
also negatively affected by the drought shock. The other constructs from the Big Five Traits are not
impacted significantly.

We also document relevant heterogeneous effects. Mother with college degrees moderates
the impact of drought shock on socio-emotional skills, significantly reducing their influence. This
result may be associated with the family’s capacity to adapt to climate changes or income shocks.
High-educated mothers have great opportunities to change their occupations when facing a local
economic shock. That result emphasize the importance of the parents’ investments in students’
accumulation of non-cognitive skills (HECKMAN; MOSSO, 2014; DOEPKE; SORRENTI; ZILI-
BOTTI, 2019).

Besides the main results, a special feature of the SENNA instrument is the possibility to
decompose the socio-emotional traits in their facets, allowing us to understand the effect of the
economic shock in more detail. For instance, the construct Conscientiousness can be decomposed
into four facets: Focus, Determination, Organization, and Persistence. We estimate the effect of the
drought exposure on these facets using a similar empirical strategy. We find that students’ focus,
organization, and persistence are negatively affected by drought shock. The only facet of Conscien-
tiousness trait that was not affected significantly by the drought shock is the student determination.
Regarding other constructs, we observed an adverse effect of drought on students’ self-confidence
and assertiveness. The impact on other facets was not significant.

A recent literature documents a positive impact on educational outcomes as a result of ad-
verse economic shock, as low rainfall precipitation (SHAH; STEINBERG, 2017; SCHADY, 2004;
DURYEA; ARENDS-KUENNING, 2003). In this case, the negative rainfall shock impact the op-
portunity costs to stay at school, affecting schooling and educational performance in test scores.
Our findings suggest the opposite direction, where a negative rainfall shock partially reduces the
non-cognitive skills. We identified in the literature three potential channels for explaining the re-
sults. First, drought can generate a lack of household resources affecting the human capital for-
mation of students (ZIMMERMANN, 2020; BAEZ et al., 2017; BJÖRKMAN-NYQVIST, 2013).
Second, economic shocks can impact students’ expectations and aspirations on the future. The
reduction in aspirations can consequently have an effect on student effort (DALTON; GHOSAL;
MANI, 2016; FERRARA, 2019), that is a behavior related to Conscientiousness’ skill. Third, as a
direct result of the drought, there is a reduction in water availability in the most affected regions.
The lack of basic resources can influence a student’s ability to acquire skills. We empirically test
all three potential channels.

To verify the hypotheses of household resource constraints and water availability, we esti-
mated the impact of drought shock on a set of local variables using an event study strategy. We
consider the following variables: water coverage rate, perceptual of area planted for subsistence,
perceptual of temporary and permanent crops, crop loss, and value of local agricultural production
per capita. We found evidence that the dry episode significantly affected the local water availability
and the percentage of land devoted to subsistence. Both variables are associated with a reduction
in household resources, especially those attending Brazilian public schools, who generally live in
poor families. We found no evidence that the drought strongly impacted the agricultural sector,
suggesting that the mechanisms driving the results are not related to a change in opportunities in
this sector.
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Finally, we estimate the effect of drought on other non-cognitive variables related to stu-
dent aspirations. Dalton, Ghosal e Mani (2016), Ferrara (2019) argue, theoretically, that economic
shocks can reduce the marginal benefit of students making effort, consequently affecting their as-
pirations about the future. As the drought persists over at least five years, these two effects, the
reduction in marginal benefit of effort and the decrease of student aspiration, may impact on the
students’ effort, potentially modifying their personality traits during the adolescence5. Thus, stu-
dent aspiration is expected to be affected by drought shock as well. We find evidence that drought
shock adversely impacts the student aspiration to continue studying during and after high school.

This paper is related to three main strands of literature. The first strand refers to the impact
of climate change on the economy. Most of the economic literature concentrates on the negative
effect of climate change on agricultural sectors (DESCHÊNES; GREENSTONE, 2012; BURKE;
EMERICK, 2016). Adaptation strategies, as the change in crop mix, irrigation investments, and
labor reallocation (COLMER, 2018; ARAGÓN; OTEIZA; RUD, 2021) can mitigate the climate
change effect. Our paper demonstrates that climate change also affects the socio-emotional accu-
mulation. Thus, our results inform about the non-agricultural impact of climate changes. Second,
we contribute to a large body of the literature that analyze the effect of aggregate economic shocks
on cognitive and non-cognitive skills6.

Third, this paper also contributes to literature about the malleability of socio-emotional
traits, especially during adolescence. Several studies suggest that socio-emotional skills are mal-
leable in specific periods of student life, as childhood (KAUTZ et al., 2014; ALAN; BONEVA;
ERTAC, 2019). Other types of shocks also affect personality traits during adolescence, such as
health shocks (ELKINS; KASSENBOEHMER; SCHURER, 2017) or test scores ranks (PAGANI;
COMI; ORIGO, 2021). Our paper contributes to this literature by showing that critical changes in
economic conditions during adolescence impact on the socio-emotional skills development.

Besides this introduction, section two discusses the drought that occurred in Northeast
Brazil between 2012 and 2017. Section three presents the data and the empirical strategy adopted.
In turn, section four presents the main results, the heterogeneous effect analysis, and the effect of
the drought on student expectation. Section five discusses the potential mechanisms and section six
presents the main conclusions.

2 Backgrounds
In this section, we discuss the determinants of the persistent drought that affected the Brazil-

ian semi-arid region between 2012 and 2017.

2.1 The long-lasting drought in Brazilian semiarid: 2012-2017
The semiarid region located in the Brazilian’s Northeast is characterized by low-socioeconomic

factors such as high rates of illiteracy, low-income levels, social exclusion, among others. In cli-

5Recently, Dweck (2017) developed a psychological theory that explains these mechanisms. According to it, indi-
vidual goals (aspirations in economic literature) are the origin of the formation of personality traits. Then, factors that
modify the individual goals may affect the personality trait process.

6Ferreira e Schady (2009) survey part of this literature. Recent evidence focus on specific sort of economic
shock: Recession shock (STUART, 2020; SHORES; STEINBERG, 2019); Public Spending (JACKSON; WIGGER;
XIONG, 2020), commodity price shock (COGNEAU; JEDWAB, 2012; BECK; SINGHAL; TARP, 2019), local labor
shock (CARRILLO, 2020; ATKIN, 2016; CHARLES; HURST; NOTOWIDIGDO, 2018), and income shock (SHAH;
STEINBERG, 2017; BJÖRKMAN-NYQVIST, 2013).
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matic terms, this region is exposed to the observed extremes of climate variability, mainly droughts,
that produce land degradation and desertification. The combination of these characteristics makes
this region one of the world’s most vulnerable territory to climate change (IPCC, 2014).

Drought is a natural and recurrent phenomenon. It is considered a natural disaster that
results in significant material and human damage and socioeconomic loss. The dry episodes in
semiarid is often associated with large-scale phenomena such as El Ninõ and La Ninã events, or
related to an intense meridional sea surface temperature (SST) gradient over the tropical Atlantic
(MARENGO et al., 2018). Although droughts are frequent in the region, persistent periods of low
rainfall (more than three consecutive years) are very rare.

From 2012 to 2017, the Brazilian semiarid was impacted by a long-lasting period of low
precipitation. According to data from the Brazilian Ministry of Integration, during this period, 33.4
million people were affected by the drought, with an estimated damage of R$ 104 billion (about
US$ 30.0 billion). Particularly in the state of Ceará, 96% of the municipalities decreed state of
public calamity (disaster declaration) because of the extreme drought and requested federal public
aid to mitigate its impact. Such public investments, including special lines of credit for small
farmers and distribution of water by trucks (carros pipa) in rural and urban areas, were insufficient
to cope with the effects of the drought.

This unprecedented event was caused by a combination of three main factors that happened
in sequence during this period. First, the La Nina, which began in 2012, was responsible for
the below-average rainfall reduction during the years 2012 through 2014. Earlier, between 2009
and 2010, the Atlantic Inter-Tropical Convergence Zone (ITCZ) migrated to an abnormal position,
indirectly contributing to a drop in rainfall in the semi-arid region (RODRIGUES; MCPHADEN,
2014; MARENGO; BERNASCONI, 2015)7. Both events, were followed by El Nino, 2015-2016,
which extended the dry period until 2017. The combination of these three factors is extremely
rare, and the last time a similar drought occurred in the region was more than eighty years ago
(MARENGO et al., 2018; SANTANA; SANTOS, 2020).

We observed the socio-emotional skills of students in 2015, representing four consecutive
years of drought exposure (2012 to 2015). The persistence and intensity of this episode was unex-
pected by students, despite the region being constantly affected by droughts. Figure 1 shows the
moving average of 48 months (four years) of the proportion of municipalities exposed to drought
according to our main drought measure, based on precipitation levels. The number of municipali-
ties considers persistently in drought for 48 months increased to 16% in 2015. Since 2004, students
have not been exposed to such a long-lasting period of drought as in 2012 to 2015.

The analysis of this phenomenon is interesting for several reasons. First, it was an exoge-
nous event potentially caused by global climate anomalies. Climate scientists expect such events to
occur more frequently in the coming years as the earth’s temperature rises. Second, unlike short-
term climate shocks, this drought lasted more than six years (2012-2017) and promoted a large
economic loss for the region. This event is useful for exploring how individuals adapted to a long-
lasting climate episode and whether adaptation prevented its effect on students’ social-emotional
skills.

7An anomalously northward/southward position of the ITCZ, determining less/more rainfall in Northeast. This
mechanisms induce and intensify the precipitation in the region.
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Figure 1: Moving average of the proportion of municipalities exposed to drought (48-months)

Note: Figure 1 presents the proportion of municipalities exposed to drought during the years 2004 through 2017. This
proportion is calculated as the moving average of the last 48 months (last four years). Drought is classified according
to the Standardized Precipitation Index (SPI). The lines in red denote the official drought period in the region according
to the Brazilian Ministry of Integration.

3 Data and Empirical Strategy

3.1 Data
3.1.1 Socio-emotional traits

To measure socio-emotional skills, we used a specific instrument applied to all students in
the state of Ceará in 2015. The students were in the 10th grade, corresponding to the first academic
year of secondary school. The instrument, called SENNA, was developed by the Instituto Ayrton
Senna, a Brazilian civil society organization focused on citizen agency and public service provision.

The SENNA instrument consists of a self-report questionnaire (58 items) that measures
socio-emotional skills related to the Big Five personality inventory8. Socio-emotional skills refer to
the abilities to regulate one’s thoughts, emotions and behavior, and can be divided in five constructs:
Openness, Conscientiousness, Extraversion, Agreeableness, and Emotional Stability (also called
Neuroticism). Openness is related to creativity, curiosity, and artistic interest. Conscientiousness
is associated with persistence, organization, determination, and efficiency. Extraversion is related
to outgoing, social initiative, enthusiasm. Agreeableness, in turn, is correlated with compassion,
trust, respect for the other. Finally, emotional stability is connected with the modulation of stress
and frustration.

The original sample consists of 109,606 (86% of the total secondary students in 10th grade
in 2015) students. However, due to sample constraints9, we analyze a sample that contains nearly

8The nomenclature of constructs in the SENNA Instrument is different from the conventional Big-Five constructs,
although the instrument measures the similar socio-emotional aspects. We prefer to adopt the conventional names of
Big-Five in paper to facilitate the exposition.

9Our empirical strategy exploits the intensity of drought in highly affected municipalities versus low affected mu-
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30,000 students. The instrument also collect demographic and socio-economic information as gen-
der, age, race, mother education.

Despite widespread use to measure socio-emotional traits, self-report instruments are lim-
ited in several ways. The main limitation associated with such instruments is the reference bias
(HECKMAN; JAGELKA; KAUTZ, 2019) caused by students’ differences in reference to the ques-
tions.10 The SENNA instrument attempt to reduce the reference bias by applying vignettes which
improve the performance of surveys. The vignettes anchoring the student’s perception and reduce
the problems related to comparing levels of personality skills across different groups (PRIMI et al.,
2016a). The SENNA version used in this paper contains 20 vignettes, four for each socio-emotional
trait.

Another important issue related to self-reported instruments is the desirability bias. Students
can answer the questions according to what they expect to be considered socially desirable. To
verify the presence of desirability bias, we explore a set of additional variables that are correlated
with socio-emotional skills. We check if the effect of the drought on socio-emotional skills is
similar to other non-cognitive skills as student aspirations.

Finally, the SENNA survey includes items that measure student attention while completing
the survey. These items ask students to respond to a specific answer on a given question11. This
item type identifies whether students read the questions before answering them. In the robustness
section, we test whether excluding students with inconsistent answers affects the main results.

3.1.2 Weather data

Our measure of drought exposure is derived from the monthly precipitation rate. We exploit
ground station data provided by the Department of Agriculture and Water Supply of the Govern-
ment of Ceará. In Ceará, there are 274 meteorological stations representing a coverage of almost
1.5 stations per municipality. These stations have been providing highly accurate measurements of
the weather at daily frequency since 1970. To avoid bias due to the creation and deactivation of
stations over time, we restricted the sampling to start in 199112.

To measure the drought intensity, we estimate the Standard Precipitation Index (SPI), which
is used for detecting and characterizing meteorological droughts. The SPI indicator, developed by
McKee et al. (1993), measures precipitation anomalies at a given location, based on a comparison
of observed total precipitation amounts for an accumulation period of interest13, with the long-term
historic rainfall record for that period. The historic record is fitted to a probability distribution (the
gamma distribution), which is then transformed into a normal distribution such that the mean SPI
value for that location and period is zero.

Our historical records from monthly precipitation correspond to 26 years, from 1991 to
2017. We aggregate the precipitation records at average municipal level. We complement the
weather data with average municipal temperature obtained from Global Climate Monitor, which ex-

nicipalities . Thus, we consider only students in these municipalities, excluding part of the sample.
10 For instance, poor students may interpret the concept of persistence differently from non-poor students because

they have different notions, promoted from their experiences, about what it means.
11 For example: In this question, mark the option 3
12 The state of Ceará has historical problems with droughts. The novel O Quinze, wrote by Raquel de Queiroz,

a brazilian writer, describes problems related to a major drought that occurred in 1915. These historic droughts en-
couraged the government of Ceará to invest in technology to measure and try to anticipate such events. Thus, the
ground stations in the state of Ceará have a high coverage rate and are stable over the years, unlike in other regions in
developing countries.

13 We focus on SPI 12 months that is more suitable for long-term droughts.
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ploit multiple climate data sources and provides georeferenced data of the global climate (CAMARILLO-
NARANJO et al., 2019).

3.1.3 Additional data

We also use additional data from Department of Agriculture and Water Supply to measure
the water coverage, and several economic activity variables from Instituto Brasileiro de Geografia
e Estatística (IBGE) to assess the economic impact of the long-lasting drought in Ceará. We also
used data from the Instituto de Pesquisa e Estratégia Econômica do Ceará (IPECE), a local gov-
ernmental agency of statistics. These variables are used to understand the channels that drought
affects students’ socio-emotional traits or to control for socio-economic differences between mu-
nicipalities.

3.2 Empirical Strategy
The empirical analysis consists of comparing students in highly exposed drought municipal-

ities relative to less exposed drought municipalities. Thus, to test the effect of long-lasting drought
on students’ socio-emotional skills, we estimate the following equation:

yimt = α0 +αTreatm +θm +β
′
2Xismt + γt(i)+ εimt (1)

Where yismt is the socio-emotional measure of student i, in the school s, in municipal m,
with age t. We focus our attention on the five socio-emotional constructs: Openness, Consci-
entiousness, Extraversion, Agreeableness, and Emotional Stability. γt(i) is age fixed effects for
student i, which absorbing all unobserved time-varying differences in the dependent variable that
are common across student’s age. Student age is a important determinant of socio-emotional traits
during adolescence, see Soto et al. (2011).

The variable Treatm is a dummy variable assigning one to highly exposed municipalities
and zero to municipalities not exposed to drought. We measured drought exposure using the pro-
portion of months, during 2012 to 2015, in which a municipality experienced a dry precipitation
anomaly, according to the SPI. The monthly anomalies are measured using the Standard Precip-
itation Index (SPI) classification. Specifically, we defined a dry month if its SPI is below −1.0.
The treated municipals are those that have a high exposition to monthly dry episodes (above the
75th percentile), and the students in the control group are those in municipals that were not ex-
posed to drought in any month during 2012 to 2015. The parameter of interest is α , which captures
the standardized deviation of socio-emotional skills associated with municipal-specific variation in
exposure to drought.

The vector Xismt is a set of student’s pre-determined characteristics as gender, parent’s ed-
ucation, racial status, and a variable indicating if the student attended pre-school. In turn, θm
represent a vector of municipal controls, as: municipal GDP, proportion of poor, local inequality
(Gini Index), average temperature, and municipal Human Development Index (HDIm). We also
add the square of these local variables to capture the potential nonlinearities.

Following Hsiang (2010), Colmer (2018), we assume that the εiam error term is heteroskedas-
tic and serially correlated within a county. We then clustered the standard error estimates at the
municipal level by age. As robustness, we tested two alternative estimates of standard errors. We
re-estimated the standard errors at the municipal or school level. We found no different conclusions
regarding the significance of the estimates.
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The key identification assumption refers to exogeneity of municipals highly exposed to
drought shock in relation to students unobserved characteristics. We checked this assumption
by comparing if exposed students differ in terms of ex-ante socioeconomic factors from control
students. Table 1 shows modest or not significant differences with respect to preexisting socioe-
conomic characteristics. The major differences are related to mother education; however, lower
than decimal units. This suggests that student exposure to drought is not associated with specific
demographic factors.

Table 1: Descriptive Statistics - Low vs High Expsure

Variables
Low Exposure High Exposure

Difference
Obs Average Std. Dev. Obs Average Std. Dev.

Racial Status
White 23,243 0.1887 0.3913 16898 0.1921 0.3940 -0.0044
Brown 23,243 0.5811 0.4934 16898 0.5778 0.4939 0.013
Black 23,243 0.0749 0.2632 16898 0.0708 0.2566 0.0092
Other 23,243 0.1343 0.3410 16898 0.1407 0.3477 -0.0004 *

Demographic Factors
Girls 23,243 0.5005 0.5000 16898 0.5072 0.5000 -0.0032
Age 22,701 10.0402 1.3149 16549 10.0849 1.3473 -0.0181 **
Residents in household 21,925 3.9597 1.8393 16017 3.9529 1.8379 0.0442

Socioeconomic Status
Preschool 22,666 0.8184 0.3855 16496 0.8003 0.3998 0.0259 ***
Retention 22,660 0.3740 0.4830 16533 0.3730 0.4830 0.0094
Number of absences 22,447 2.7608 1.5278 16396 2.7249 1.5263 0.0666 **
SES index 19,502 -0.1736 0.9730 14292 -0.1754 0.9683 -0.0227

Mother Education
Never Studied 23243 0.1991 0.3993 16898 0.2069 0.4051 -0.0001 *
Primary Education 23243 0.2553 0.4360 16898 0.2761 0.4471 0.012 ***
Middle Education 23243 0.1553 0.3622 16898 0.1563 0.3632 -0.0061
Secondary Education 23243 0.1631 0.3695 16898 0.1354 0.3422 0.0348 ***
Tertiary Education or more 23243 0.0572 0.2322 16898 0.0568 0.2314 -0.005

Notes: Table 1 presents the descriptive statistics of the students in the sample separating them according to the degree
of drought exposure during the period (Low vs High Exposure) .The column called Difference presents the t-test for
difference in mean. Significance: *** 1%, ** 5%, and *10%.

Additionally, a potential threat to identification refers to the geographical differences be-
tween exposed and not exposed municipals. Figure 2 illustrates the municipals included in the
analysis. We observe that municipals highly exposed to the long-lasting drought are geographically
close to not exposed municipals. This minimizes the influence of time-invariant unobserved charac-
teristics of schools and municipals that potentially affect student socio-emotional traits. Moreover,
it indicates that students shared similar cultural conditions and economic markets.

Third, and perhaps most relevant for the validation of our empirical strategy, cloud for-
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mation in the semi-arid makes precipitation, during drought, quasi-exogenous event. The cloud
(cumulus nimbus) that is typical of the semi-arid region is strongly affected by the winds that arrive
from the coast. Therefore, the direction and resulting precipitation of these clouds are not corre-
lated with a specific geographical region. Thus, two municipalities that share the same economic,
agricultural, and cultural backgrounds can be highly affected or unaffected by drought. Figure 2
confirms this possibility, as nearby municipalities had different drought exposures over the period.
Considering only the treated municipalities, they had on average 55% of the months between 2012
through 2015 classified as drought periods, this corresponds to approximately 26.4 months on av-
erage of drought. We compare the treated municipalities against the municipal that do not recorded
any month of drought between 2012 to 2015.

Figure 2: Map of Treated vs Control Municipalities

Note: Figure 2 shows the geographic distribution of municipalities affected (Treated) and unaffected (Control) by
drought during the period. We used the standardized precipitation index (SPI), calculated for each month between
2012 and 2015, to differentiate between the municipalities. A municipality was considered as treated if the proportion
of months of drought exposure is above the 75th percentile. In turn, municipalities in the control group were not
exposed to any drought months in the period.

4 Results

4.1 Main results
The Table 2 presents the estimates of students highly exposed to the long-lasting drought

shock on the five socio-emotional traits in comparison with students not exposed to drought. We
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convert the socio-emotional measures into standardized z-scores to facilitate the presentation of the
results.

Table 2: Effect of drought shock on socioemotional skills

(1) (2) (3) (4) (5)
Variables Agreeableness Conscientiousness Extroversion Emotional Stability Openness

Drought Shock 0.008 -0.048** -0.029* -0.008 -0.023
(0.017) (0.019) (0.015) (0.014) (0.016)

Observations 30.612 30.612 30.611 30.612 30.612
R-squared 0.028 0.019 0.011 0.054 0.014

Student’s Control YES YES YES YES YES
Municipal’s Control YES YES YES YES YES

Age FE YES YES YES YES YES

Note: Table 2 presents the estimates of the long-lasting drought period on the variables measuring the social-emotional
skills of the Big Five Inventory. Standard errors were clustered at the municipal-by-age level. Significance: *** 1%,
** 5%, and *10%.

We observe that most non-cognitive measures are negatively affected by exposure to large
drought shocks, with the exception of Agreeableness. However, only Conscientiousness and Ex-
troversion show significantly estimates. The impact of living in a municipal exposed to drought
reduce the students’ conscientiousness in −0.048s.d when compared to the student not exposed to
the drought, however, the estimation is more imprecise. In this turn, drought also impacted signif-
icantly by −0.029s.d on the extroversion trait. The traits of emotional stability and openness are
also negatively affected; however, the effect is small enough to be significant.

The conscientiousness trait includes a range of skills that determine the propensity to be
self-controlled, responsible towards others, hardworking, persistent, orderly, and virtuous. Our
findings suggest that students’ exposure to a large economic shock reduces these skills during a
critical period of adolescence. Several studies present evidence that conscientiousness skill pre-
dicts important long-term outcomes as college entrance, graduation at high school, earnings, health
status, and behaviors (ALMLUND et al., 2011; OECD, 2017).

Our findings suggest that the long-lasting drought shock affect adversely the factors related
to effort in school, like persistence, focus, and determination. Shah e Steinberg (2017) found that
a short-run negative rainfalls shock raises the opportunity cost of students to leave the school.
Droughts may impact the local labor markets, particularly in agricultural areas, decreasing the
expected returns to child labor. That represents an incentive to stay at school and to learn. As a
consequence, the short-run unfavorably rainfall shocks increase the student’s test scores. We found
contrary evidence when considering long-lasting drought shocks. Even if the drought increased
school enrollment and students’ progression, simultaneously, it led to a decrease in socio-emotional
skills among the youth. Our results are analogous to Nordstrom e Cotton (2020) who find that
severe short-run droughts impact negatively on student non-cognitive skills.

Large periods of droughts may represent a relevant income shock to families in agricul-
tural areas, increasing the cost of stay at school. Akee et al. (2018) find that a positive shock on
household income has a beneficial effect on children’s personality traits, suggesting that household
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income variation could be a potential channel to explain the relationship between drought shock
and personality.

Additionally, the extroversion trait is related to the individual’s ability to be sociable, to
be assertive, and to have energy for school activities. Extroverted individuals have abilities to
work in groups, enabling the engagement of other individuals in their activities. Recently, Deming
(2017), Weidmann e Deming (2021), highlight the importance of sociability for new forms of work
organization. Both results suggest that long periods of drought negatively affect personality traits
that may represent differences in social well-being in the future.

We check the robustness of these results in different ways. The main limitation of our
empirical strategy is the possibility of general equilibrium effects that may influence the results, as
adaptation to drought period. One of the main ways to adapt to climate change is migration. For
instance, students’ families could migrate to municipals that were not very exposed to droughts,
and confounding the results. Using administrative student identification provide by Secretariat of
Education of the State of Ceará (SEDUC), we identify students that migrate during the drought
period. Then, we re-estimate the same empirical strategy restricting the sample to students that
did not migrate. We consider a migrant student if she enrolled in a school in a different municipal
between 2011 to 2015, the period of the drought occurrence. We present the results in the Table A1,
in Appendix. The main results are not affected by considering only the students that did not migrate,
although the effect size decreased modestly. By restricting the sample to students who did not
migrate, the impact of drought on extroversion is not significant.

A limitation of personality traits questionnaires is the large number of questions that stu-
dents must answer to obtain reliable estimates. The SENNA instrument, for instance, contains 58
questions related to personality traits. Thus, it is expected that students reduce their attention during
the application of the instrument, affecting the consistency of the answers. To test the consistency
of the answers, the SENNA instrument includes two additional items aims to check the student’s
attention. The items ask the students to fill in a specific answer14. We re-estimate the model re-
stricting the sample to students that answer correctly both the consistency’s questions. The results
also present in the Table A1 are not affected by this restriction, suggesting that students’ attention
to answer the instrument did not bias the results.

Additionally, we also checked whether estimation weighted by the number of students in
the municipalities affected the results. We found no significant changes in the estimates. Finally,
we tested different approaches to estimating the standard error. We estimated the standard error
by clustering at the municipality and school level. We found no different conclusions about the
significance of the effect on the Conscientiousness trait. All robustness’ checks are presented in
Table A1.

Taken together, our estimates suggest that long-lasting drought shock adversely affects the
conscientiousness trait, and this finding is robust to robustness check. This represents new evidence
indicating that long-term shocks may impact student factors related to persistence, hard-working,
focus, and determination.

4.2 Estimation on the facets of personality traits
To understand in much more detail the results, we estimate the same empirical strategy on

the facets of each socio-emotional trait. A special feature of the SENNA instrument is the possi-

14 The question is: This question aims to verify your attention in answering the questionnaire. Please, mark the
option "a".
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bility to decompose the Big Five personality traits on their facets. The facets represent a narrowly
defined factor related to a broadly defined trait (e.g., Conscientiousness). The main advantage in
to analyze the facets is the possibility to provide a more precise description of student behavior
(SOTO; JOHN, 2017). Each broad Big Five domain of the SENNA instrument can be conceptu-
alized as containing several specific facet traits, and the SENNA instrument allows simultaneously
access personality at both the domain and facet levels. A growing body of research has adopted this
approach to measure personality traits (JR; MCCRAE, 1995; SOTO; JOHN, 2017). We obtain the
facets constructs using the principal component estimator applied on the set of similar questions
associated with each facet. We report the results in Table 3.

We observe from Table 3 that some facets related to Conscientiousness, Extroversion, and
Neuroticism are significantly affected by the shock of the long-term drought. The traits of openness
and agreeableness are not significantly affected, however, some estimates show a negative signal.

Focusing on the Conscientiousness trait, the Organization, Focus, and Persistence facets are
negatively and significantly impacted. Determination is also negatively impacted, but not signif-
icantly, although the estimate size is similar to the others Conscientiousness’ facets. The largest
estimated effects are on Focus (−0.045s.d) and Persistence (−0.043s.d), suggesting that students
in highly drought-exposed municipals have difficulty focusing their attention on educational activ-
ities and to persist to achieving their goals. Some recent evidence points out the impact of poverty
on individual cognitive function, like attention (MANI et al., 2013; SHAH et al., 2018). For in-
stance, factors related to drought episodes, like malnutrition or money concerns, may affect the
mental capacity of the student to concentrate on specific activities.

In its turn, the organization is related to the capacity of planning the activities to reach
a goal and to manage appointments future. Like the focus and persistence facets, the drought
shock affect the student’s mental capacity to planning. At last, the drought shock also significantly
affects persistence skills, defined as the ability to overcome obstacles to complete tasks, rather than
procrastinating or giving up when situations get difficult or uncomfortable.

Two other facets negatively impacted by the drought shock were assertiveness, a facet re-
lated to the extroversion trait, and self-confidence, a facet associated with neuroticism (emotional
stability). Students in more drought-affected municipalities are less assertive and have lower self-
confidence than students in non-drought-affected municipalities. There is a large literature doc-
umenting the effect of economic shocks on the mental health of individuals (FRASQUILHO et
al., 2015; ADHVARYU; FENSKE; NYSHADHAM, 2019). Our findings suggests that a drought
episode impact the student self-confidence, an aspect related to mental health.

4.3 Heterogeneous Effect
In this section, we investigate whether the impact of the drought shock changes according to

the education of his mother. We measure the heterogeneous effect by estimating the same empirical
strategy adopted in the previous section, but separating students into subgroups depending on his
mother education.

Mother education can mitigate the impact of the drought shock by three main reasons15.
First, more educated parents generally do not work in agricultural activities, which are strongly
sensitive to drought shocks. Second, education allow the parents the capacity to find different
occupations during periods of crisis. Third, mother’s education is positively associated with so-

15We measure the mother’s education by an indicator variable that receives a value of one when the mother has
completed higher education, zero otherwise.
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Table 3: The effect of long-lasting drought shock on students’ facets

Agreeableness Compassion Respect Trust

-0.002 0.007 0.013
(0.016) (0.016) (0.012)

Conscientiousness Determination Organization Focus Persistence

-0.026 -0.041** -0.045** -0.043**
(0.016) (0.016) (0.018) (0.017)

Extroversion Social Initiative Assertiveness Enthusiasm

-0.018 -0.042*** -0.014
(0.015) (0.016) (0.014)

Neuroticism Stress Modulation Self-confidence Frustration tolerance

0.013 -0.035** 0.018
(0.014) (0.014) (0.013)

Openness Curiosity to Learn Creative Imagination Artistic Interest

-0.022 -0.015 -0.021
(0.017) (0.015) (0.015)

Municipal Controls YES YES YES YES
Student Controls YES YES YES YES

Age FE YES YES YES YES

Note: Table 3 presents the estimates of the long-lasting drought period on the variables measuring the facets of the
social-emotional skills. Standard errors were clustered at the municipal-by-age level. Significance: *** 1%, ** 5%,
and *10%.
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cioeconomic status of students.
We report the results graphically. Figure 3 presents the heterogeneous results of students

whose mother has completed higher education versus students whose mother has not completed
higher education. The black bars refer to the estimated standard error. Students whose mothers
have a high education are not significantly affected by the drought shock. Only the Agreeableness
construct shows a significant result. On the other hand, students who are children of mothers with
low education were adversely and significantly impacted in the constructs of Openness, Conscien-
tiousness, and Extroversion.

That result emphasize the importance of the parents’ investments in students’ accumulation
of non-cognitive skills (HECKMAN; MOSSO, 2014; DOEPKE; SORRENTI; ZILIBOTTI, 2019)).
Recent literature documents the importance of mother’s education to adolescent’s mental health
and locus of control. Both variables related to socio-emotional traits (CUI; LIU; ZHAO, 2019;
ANDRABI; DAS; KHWAJA, 2012).

Figure 3: Heterogenous effect of mother’s education

Note: Figure 3 presents the heterogeneous results for students whose education differs by college education. We
re-estimate the same main model, but on different subgroups of students. Significance level: *** 1%, ** 5%, and
*10%.

4.4 Other results
The socioemotional skills are strongly associated with student aspiration in the future. In

turn, aspirations are related to some educational and labor markets outcomes, such as student effort,
high school graduation, and wages. Recent evidence attribute to aspirations as relevant to explain
psychological causes of poverty traps (DALTON; GHOSAL; MANI, 2016; FERRARA, 2019).

In this section, we examine whether long-term drought shock also affected some variables
that measure student aspiration, such as expected schooling and the decision to continue studying
after high-school. To measure the student’s aspiration, we explore a survey applied in companion
to the SENNA Instrument. The survey asked about the expected education (the highest educational
level the student intends to achieve), whether the student intends to leave school during high school,
whether she expects to interrupt her studies after completing high school and whether she expects
to go to university.
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The results are reported in the Table 4. We obtained the estimates using similar specifica-
tions of the Equation 1. The drought shock significantly reduces the expected education. Students
exposed to the drought period reduce the expectation that they have achieved elevated levels of
education in their lifetime. There is an increase in the likelihood of students who indicate that they
intend to stop studying right after high school and a reduction in the proportion of students who
indicate that they intend to go to university.

Table 4: Effect of drought shock on student aspirations

(1) (2) (3) (4)
Variables Expected Education Stop during HS Stop after HS Go to university

Drought Shock -0.046*** 0.003 0.016*** -0.019***
(0.012) (0.002) (0.005) (0.005)

Observations 30.451 30.883 30.883 30.883
R-squared 0.102 0.017 0.042 0.059

Student’s Control YES YES YES YES
Municipal’s Control YES YES YES YES

Age FE YES YES YES YES

Note: Table 4 presents the results of the drought exhibit on students’ educational expectations. We estimate similar
specification to the Equation 1. In the Table 4, the expression ’HS’ means High School. Significance level: *** 1%,
** 5%, and *10%.

The effect of drought shock on students’ aspirations is in line with the findings of socioe-
motional skills. Drought reduces student conscientiousness, which is related to focus, persistence,
and organization. The reduction of these factors may also contribute to the effects on student’s
aspirations in educational achievements.

5 Underlying Mechanisms
In this section, we investigate the potential channels that explain the results. There are two

competing theories that attempt to explain the effect of weather shocks on educational outcomes.
First, called Opportunity’s channel, asserts that adverse rainfall shocks change students’ opportu-
nities in the labor market and, thereby, there is an increase in schooling (ZIMMERMANN, 2020).
Recent evidence for this theory suggests that reduced labor market opportunities increase interest
in schooling and therefore may positively affect the learning (SHAH; STEINBERG, 2017). On
the other hand, adverse precipitation shocks can increase the lack of family resources (hereafter,
Household resource’s channel), negatively affecting educational outcomes (BAEZ et al., 2017;
BJÖRKMAN-NYQVIST, 2013; FERREIRA; SCHADY, 2009).

Since we have only one temporal observation of socioemotional skills it is difficult to ex-
plore in detail what mechanisms might affect the results. However, to shed light on potential
mechanisms, we investigated the socioeconomic effects of drought in the treated and control mu-
nicipalities. To do this, we explore an event study strategy and estimate the impact of the drought
shock on the following variables: water availability, percentage of the area of permanent and tem-
porary crops, percentage of crop loss, percentage of area cropped for subsistence, and value of
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agricultural production per capita.
The variables related to agricultural production (percentage of the area of permanent and

temporary crops, percentage of crop loss and value of agricultural production per capita) allow us
to understand if there was a significant impact of the drought on the labor market in the agricultural
sector (Opportunity’s channel). In turn, the variables water availability and percentage of area
cropped for subsistence are more associated with constraints on household resources (Household
resource’s channel). All variables are at the municipal level and span annually from 2008 to 2018.

Specifically, we estimate the following model:

∆Ymt =
2010

∑
t=2008

β1tTreatmt +
2018

∑
t=2012

β2tTreatmt × I(A f ter)+δ
′Xm + τt +θm + εmt (2)

Where ∆Ymt is the socioeconomic outcome of interest from the municipal m, in the year t
in relation to the year of 2011 (one year before the drought shock), considered as reference and
excluded to avoid collinearity. The variable I(A f ter) is a indicator variable that assigning the value
one to period after the begin of drought (Starting in 2012). The variables Treatmt and the vector
Xm, municipal controls, are similar to used in Equation 1. τt is year fixed effect and θm is municipal
fixed effect. The former absorbs time-varying shocks that possibly affect all the municipalities in
Ceará, such as national shocks or state policies. The latter absorbs idiosyncratic factors specific to
each municipality. We estimated the standard error by clustering at municipal level.

Our parameters of interest are β2t which measure the impact of the drought shock the out-
come variables relative to 2011. The parameters β1t are used as a falsification test. We expect the
variation on β1t to be insignificant, suggesting that the future rainfall shock did not correlate with
previous changes in outcomes. The results are reported in the Figure 4.

It can be seen that the drought shock affected the percentage of temporary plantations more
strongly than permanent ones. This may be associated with the cost of adaptation of permanent
crops, which generally require a longer time to become productive and have high transition costs
to other crops.

The value of agricultural production increases in the initial years of the drought, possibly as
a consequence of the short-term shock of the drought on food supply, with implications for the price
level. However, starting in 2014, the value of agricultural production per capita declined markedly,
possibly caused by the long-term impact of the drought on agricultural productivity. Interestingly,
we have not observed a significant change in crop loss during drought years. Only in 2015 there
was a small but insignificant increase of the crop loss. The relatively small and insignificant im-
pact of the drought on these variables suggests that the labor market in the agricultural sector was
only marginally affected by the drought. This may stem from the adaptation processes previously
adopted in the state of Ceará and which help mitigate the effect of drought on agriculture.

Following the Opportunity’s channel, the main mechanism that explaining the impact of
rainfall shocks on educational outcomes is the decrease in the labor opportunities in the agricultural
sector. Students facing a lack of labor market opportunities choose to increase their schooling.
Thus, in our case, this does not seem to be the channel that explains the results on socioemotional
skills.

The impact of drought was more relevant on water coverage and on the percentage of area
devoted to subsistence agricultural crops. Both factors were adversely and significantly affected
by the drought. Moreover, both variables are strongly associated with social vulnerability, possibly
increasing the impact of drought on poorer households that are more dependent on subsistence agri-
culture. As noted above, households with low socioeconomic status (mother’s education without a
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college degree) were more strongly affected by drought than households with high socioeconomic
status (mother’s education with a college degree).

Therefore, we suspect that the mechanism that explains the underlying effects of the drought
on students’ socioemotional skills is the lack of household resources (Household resource’s chan-
nel), mainly associated with informal, subsistence-oriented agricultural production, and the absence
of adequate water coverage.

Figure 4: Potential Mechanisms

Note: Figure 4 reports the impact of the drought period on different variables related to agricultural production or
the availability of resources for families. The dark blue lines represent the estimates and the light blue lines are the
confidence intervals.

6 Final Remarks
This paper documents that a prolonged drought shock affects the socioemotional skills of

adolescents. We investigated the effect of a four-year drought on the socioemotional skills of
students in the state of Ceará, Brazil. The personality traits of conscientiousness and extroversion
were significantly and adversely affected by the drought. The conscientiousness trait is strongly
related to long-term individual outcomes such as salary, enrollment in college, and increased life
expectancy (ALMLUND et al., 2011; HECKMAN; JAGELKA; KAUTZ, 2019). Extroversion, on
the other hand, is associated with more sociability and ability to interact with others and in teams.
Such skills have recently been highly valued in the labor market (EDIN et al., 2017; DEMING;
NORAY, 2020).

Additionally, we analyze the impact of drought on facets associated with personality traits.
The facets measure aspects more closely related to student behavior. The results showed that the
facets of organization, persistence, focus, self-confidence, and assertiveness were negatively af-
fected by the drought shock. Subsequently, we found that students whose mothers have low ed-
ucation were strongly affected in personality traits as a result of the increased drought period,
suggesting the importance of the role of parents in accommodating economic shocks on students’
socioemotional skills.
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Finally, we present evidence that the potential channel explaining the results is related to
an increase in the lack of household resources (Household resource’s channel). Our estimates sug-
gest that the drought strongly affected the area devoted to subsistence cultivation and adequate
water coverage. There was limited evidence that the drought negatively influenced local agricul-
tural production, suggesting that it did not have a significant effect on the labor market in this
sector(Opportunity’s channel).

This paper showed that a steep increase in drought can affect students’ socioemotional
skills, especially at ages sensitive to changes in the socioeconomic environment. Contrary to exist-
ing empirical findings on the impact of precipitation shocks, we provide evidence that the impact
of drought can affect other characteristics that compose human capital in beyond the cognitive
skills. If climate change intensifies the occurrence of droughts, potentially, specific public policies
to address students’ socioemotional skills should be designed.
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Appendix

Table A1: Robustness’ checks

Variables Agreeableness Conscientiousness Extroversion Emotional Stability Openness

Weigth Estimates 0.017 -0.047 -0.024 -0.009 -0.006
(0.018) (0.021) (0.016) (0.015) (0.018)

Dropping Migrants 0.009 -0.037 -0.020 0.002 -0.008
(0.018) (0.020) (0.016) (0.015) (0.018)

Consistency 0.001 -0.055 -0.036 -0.012 -0.022
(0.018) (0.020) (0.016) (0.016) (0.017)

Alternative Clustering 0.008 -0.048 -0.029 -0.008 -0.023

Municipal-by-age (0.017) (0.019) (0.015) (0.014) (0.016)
Municipal (0.019) (0.024) (0.018) (0.017) (0.021)

School (0.028) (0.028) (0.021) (0.020) (0.025)

Student’s Control YES YES YES YES YES
Municipal’s Control YES YES YES YES YES

Age FE YES YES YES YES YES

Note: Table A1 presents the robustness exercises for the estimates of the main result. Four robustness exercises
are performed. First, the main model is re-estimated by weighting for population size. Second, migrant students
during the drought period are excluded. Third, we restrict the sample to those students who did not miss the response
attention check items. Finally, we re-estimate the standard error by clustering at the school level or the municipal
level.Significance: *** 1%, ** 5%, and *10%.
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