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Herrera- Almanza and Cas 2021)—for small chil-
dren (Gomez and Yoshikawa 2017) and children 
exposed in- utero (Caruso and Miller 2015; Ca-
ruso 2017; Torche 2018; Berthelon, Kruger, and 
Sanchez 2021).

The United States is by no means exempt 
from this problem. In the last years, the eco-
nomic damage and the number of Americans 
affected by natural disasters have exhibited an 
upward trend (Ritchie, Rosado, and Roser 2022) 
partly because of the increasing number of peo-
ple living in risky zones (Iglesias et al. 2021). In 
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Growing evidence warns about the detrimental effects of the stress induced by natural disasters on learning 
outcomes. Yet less is known about how political leadership could mitigate the adverse exposure to these 
events. Exploiting a natural experiment—the massive 2010 earthquake in Chile—as an exogenous shock 
and using fine- grained student data, we find that school disruption has a short and long- term impact on 
students’ test scores. Moreover, our results indicate that learning losses were more pronounced in munici-
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mobilize educational resources, highlighting the relevance of managerial capacities in times of crisis.
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p o l i t i c s  m a t t e r

The impact of natural disasters on human de-
velopment has been extensively studied. Schol-
ars have found that the stress induced by such 
disruptions negatively affects human capital 
accumulation (Caruso 2017), income (Pleninger 
2022), birth weight (Torche 2011), migration 
(Drabo and Mbaye 2015), posttraumatic stress 
(Zubizarreta, Cerdá, and Rosenbaum 2013), em-
ployment (Jiménez Martínez, Jiménez Mar-
tínez, and Romero- Jarén 2020), productivity 
(Boustan et al. 2020), and especially educa-
tional attainment (Paudel and Ryu 2018; 
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1. It was the sixth strongest earthquake ever measured (U.S. Geological Survey, Earthquake Hazard Program, 
2016).

addition, scholars have found that natural di-
sasters particularly affect educational out-
comes, including test scores (Sacerdote 2012; 
Fuller 2014), educational attainment (Harris et 
al. 2024, this issue), and several other emo-
tional and psychological variables (Ward and 
Shelley 2008; Osofsky et al. 2009; Dogan- Ates 
2010).

Natural disasters do not occur in a vacuum 
(Cohen and Werker 2008). In the aftermath of 
such events, local governments undertake nu-
merous actions to mitigate its disruption— 
establishing shelters, enabling critical infra-
structure, disbursing aid, and so on—which 
depends, to a large extent, on institutional fac-
tors. Scholars in political science have ad-
dressed these institutional variables, finding 
that state capacity (Lin 2015), regime type 
(Keefer, Neumayer, and Plümper 2011), and wel-
fare state generosity (Brady, Finnigan, and 
Hübgen 2017; Cylus, Glymour, and Avendano 
2015; Rodriguez, Lasch, and Mead 1997) are key 
mitigators of these disruptions.

Political variables are not limited to macro- 
level institutions. Indeed, a prompt and effi-
cient response from local leaders could miti-
gate the consequences of these disruptions. 
Hence, from a theoretical and practical point 
of view, it is essential to explore how political 
leadership and the characteristic of local gov-
ernments could mitigate the consequences of 
such events. Based on the political economy 
literature, we consider political experience, 
namely, the number of periods in office of 
elected officials as a potential mitigating factor 
of natural disasters. Scholars have argued that 
later- term incumbents are, on average, more 
qualified than newcomers, partly given the 
knowledge acquired in office or because effec-
tive politicians are more likely to be reelected, 
or both (Ashworth and Bueno de Mesquita 
2008; Alt, Bueno de Mesquita, and Rose 2011). 
As a result, an experienced mayor could be bet-
ter able to navigate the different layers of the 
bureaucracy to secure extra resources for re-
pairing public infrastructures. Previous studies 
have shown that the effectiveness of bureau-
cracy depends highly on the stability of crucial 

personnel (Akhtari, Moreira, and Trucco 2014; 
Toral 2021), which in turn may depend on the 
continuity of political leadership at the top.

This article asks two research questions. 
What are the short and long- term impacts of 
an educational disruption caused by a large- 
scale earthquake on student learning out-
comes? Are experienced mayors able to miti-
gate potential learning losses caused by such 
events? As these questions suggest, our pri-
mary focus is understanding how political 
leadership mitigates the expected impact of 
natural disasters, which could give us essential 
theoretical and practical lessons about this in-
creasingly relevant topic. In addition to these 
questions, we explore mechanisms explaining 
a potential mitigating effect by looking at the 
ability of local bureaucracies to execute educa-
tional spending.

Chile is an optimal case to tackle these ques-
tions. In 2010, the country suffered a cata-
strophic earthquake, 8.8 on the moment mag-
nitude scale, which devastated one- third of its 
territory.1 Although the epicenter was in the 
south, the earthquake had an extensive range, 
covering more than a thousand kilometers on 
the north- south axis.

The 2010 earthquake can be considered an 
educational disruption, namely, a sudden 
change in the schooling experienced by chil-
dren caused by an unexpected macro- level 
event (Torche, Fletcher, and Brand 2024, this 
issue). According to the Chilean Ministry of So-
cial Development, approximately six thousand 
schools experienced some damage, affecting 
1.25 million students (Gobierno de Chile 
2010b). The event caused school closures, con-
centrated in three regions, and 70 percent of 
students experienced a delay at the beginning 
of the school year (Sehnbruch et al. 2017).

The Chilean school governance structure al-
lows us to focus on political variables at the lo-
cal level. Public schools were managed by mu-
nicipalities whose mayor is elected every four 
years. The mayor has discretion over several 
areas of school administration, such as manag-
ing personnel and executing educational 
spending, among others. Thus a mayor’s ac-
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tions can directly impact students of local pub-
lic schools.

Using fine- grained administrative data on 
individual student achievement and exploiting 
a precise school- level indicator of earthquake 
intensity using the local ground- shaking 
level—peak ground acceleration (PGA)—we 
find that school disruption induced by the 
earthquake negatively affects student achieve-
ment, especially math test scores in the short 
term. Indeed, among schools with medium 
and high- intensity exposure to the earth-
quake, short- term math test scores decreased 
between 0.04 and 0.05 standard deviations. 
Second, using electoral data, we include the 
mayor’s tenure in office to explore whether ex-
perienced politicians could mitigate such det-
rimental effects. We observe that learning 
losses due to school disruption were signifi-
cantly larger in municipalities with a first- term 
mayor, both in math and Spanish, in contrast 
to a null impact in municipalities run by a re-
elected one (second period in office or more). 
We provide evidence that differential exposure 
to the earthquake does not drive this hetero-
geneous effect. Likewise, our results are robust 
to restricting the sample to competitive races, 
which may account for the characteristics of 
the median voter per municipality, a placebo 
test using nonmunicipal schools located in  
the same municipalities, and after adjusting 
for observables through a nearest neighbor 
matching model.

What are the mechanisms underpinning 
these disparate effects? One of the pathways, 
we claim, is the ability of experienced bureau-
crats to mobilize resources and public spend-
ing. We find that schools in municipalities with 
a newly elected official experienced an approx-
imately ten percentage points drop in public 
spending, in sharp contrast to a short- term in-
crease in educational spending among schools 
with a reelected mayor. An experienced mayor 
likely implied more continuity in key person-
nel, reflected in a more efficient resource dis-
bursement.

These findings indicate that competent po-
litical leadership has the potential to alleviate 
the destructive consequences of a natural di-
saster. Despite relying on an imperfect measure 
of managerial ability (time in office), our study 

reveals that political experience played a sig-
nificant role in minimizing learning losses. In-
tuitively, we would expect experienced mayors 
to be better able to secure or execute public re-
sources for their constituencies. However, it is 
surprising that they also mitigated learning 
losses, a variable that strongly predicts the so-
cial and economic outcome of individual tra-
jectories.

The main focus of this article—the role of 
continuity of local leadership as a plausible 
mitigating factor—has important implications 
for the United States, where the administration 
of schools is also decentralized and dependent 
on local elected officials. Indeed, our results 
highlight the importance of continuity of effec-
tive local personnel—such as superinten-
dents—independent of political cycles, as their 
knowledge in managing local bureaucracies 
could make a big difference in learning out-
comes. However, we should state the scope 
conditions for this argument. Even if our find-
ings underline the relevance of leaders, this 
does not imply that they face the same type of 
constraints across localities. Indeed, as Doug-
las Massey and Mary Fischer (2003) show, 
American society is characterized by high spa-
tial segregation and concentration of affluence, 
creating inequality in local capacities—which 
is also the case in Chile (OECD 2017). Research 
in the United States has shown that states with 
greater decentralization of natural disaster 
spending correlate with higher economic 
losses because decentralization could lead to 
disparities in resource allocation (Miao, Shi, 
and Davlasheridze 2021). Consequently, capa-
ble politicians may decide to run for office in 
more affluent zones, which eventually could re-
inforce inequality after a natural disaster. Alter-
natively, the few capable leaders in poorer lo-
calities may not have enough resources to 
make a difference, given human and financial 
constraints.

In sum, the reliance on leaders seems like a 
double- edged sword; on the one hand, it is en-
couraging to see that political action can make 
a difference for victims of catastrophic events. 
Nonetheless, it is also concerning to note sig-
nificant disparities based on local leadership, 
as these may be unevenly distributed across the 
United States.
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2. The average for OECD countries (70 percent).

3. It has been estimated that the total economic cost of the earthquake was 18 percent of the country’s GDP 
(Aguirre et al. 2022).

chile an edUcaTional sysTem 
The Chilean educational system has three dis-
tinctive characteristics. First, since 1981, public 
schools have been managed by the 345 local 
municipalities, which became administrators 
of state- owned kindergartens, primary, and 
secondary schools (Raczynski and Serrano 
2001). Even if local municipalities make most 
managerial decisions, the central level still 
plays an important role. Indeed, the Ministry 
of Education (MINEDUC) is in charge of defin-
ing macro- level policies, and supervising edu-
cational institutions.

Second, municipalities are led by a mayor, 
who is elected every four years in a first- past- 
the- post electoral system. The mayor has dis-
cretion over several administration areas, in-
cluding school management, personnel hiring, 
budget planning, execution of ministerial pro-
grams, and infrastructure- related tasks. Ac-
cording to the PISA school principal survey of 
2018, more than 80 percent of administrative, 
financial, and staffing decisions in Chile are 
made locally, ahead of countries such as Co-
lombia (60 percent), Peru (50 percent), Uruguay 
(10 percent).2

In addition, the educational system is 
strongly market- oriented. Chilean schools—
both public and private—are funded by a per- 
student voucher, delivered from the central 
level, based on student attendance (Torche 
2005). This funding scheme allows private- 
voucher schools, namely, private schools 
funded by state subsidies. Thus, in a given lo-
cality, private and public options, both funded 
by the central level, compete to attract stu-
dents. The prevalence of private- voucher 
schools has steadily increased in the past forty 
years.

Regarding funding, two types of vouchers 
comprise almost 90 percent of the total educa-
tional spending: the per- student voucher and 
a targeted voucher program called Subvención 
Escolar Preferencial (SEP), which targets poor 
students, allocating significantly more re-
sources to schools for each eligible student 
(Mizala and Torche 2017). In addition, munici-

palities are allowed to allocate some resources 
from local revenues from other sources on top 
of these vouchers, which typically happens in 
affluent local governments (Bellei 2009).

The 2010 e arThqUake
The 8.8- moment magnitude scale earthquake 
occurred offshore of southern Chile at 3:34 a.m. 
local time on February 27, 2010. The epicenter 
was located in the Biobío region, near the city 
of Concepcion, the second largest urban area 
after the capital Santiago. The earthquake 
caused a damaging tsunami thirty- five minutes 
later, extending 500 kilometers along the coast 
with maximum wave heights of up to 10 meters. 
The earthquake and tsunami caused 521 fatali-
ties, and thousands of people were seriously 
injured (Gobierno de Chile 2010a). Approxi-
mately half a million buildings were severely 
damaged, and almost 10 percent of the popula-
tion in the affected areas lost their homes. The 
event caused nationwide disruptions to public 
infrastructure such as electric lines, roads, cell 
phone lines, and other communications net-
works (Castaños and Lomnitz 2012). The coun-
try’s critical infrastructure was significantly af-
fected, including airports, railroads, ports, and 
highways.3 In the aftermath, the government 
declared a state of emergency to control the 
rise of looting and crime. The government and 
civil society took immediate action prioritizing 
fulfillment of basic needs, access to basic sup-
plies, and the reconstruction of public infra-
structures such as schools, hospitals, and 
roads.

Regarding school infrastructure, a survey 
conducted after the earthquake revealed that 
24.6 percent of the school children were de-
layed in starting the school year, concentrated 
in the six regions most affected by the event. In 
particular, in the most affected regions—
Biobío, Maule, and O’higgins—this number 
reaches 70 percent (Sehnbruch et al. 2017). 
Moreover, according to government sources, 
more than two million students faced damage 
in their schools; in regions directly affected by 
the disaster, 74 percent of schools suffered 
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4. These cutoff points are based on the potential damage of earthquake exposure based on the Mercalli scale. 
In the low- exposure category, the damage ranges from note to light; in medium exposure, it ranges from light 
to moderate; in the high- exposure category, it ranges from moderate to very heavy (see Zera and Nafian 2018).

some damage and 48 percent experienced mod-
erate, severe, or disqualifying damage (Gobi-
erno de Chile 2010b).

daTa and me asUres
First we describe the relevant measures and 
data sources in our empirical strategy. We then 
present a timeline of the relevant events to clar-
ify the temporal gap between the earthquake 
and the outcomes.

For individual academic performance and 
student enrollment data, we use individual- 
level data from the Chilean System for Measur-
ing Educational Quality (SIMCE), including 
fourth-  and eighth- grade math and language 
test scores for all students in the system from 
2008 to 2011. Across models, we use a standard-
ized version of test scores, each year’s mean 
and standard deviation. In some specifications, 
used to estimate long- term effects, we also in-
cluded eighth- grade test- takers in 2014. In ad-
dition, we use enrollment records from the 
Ministry of Education (MINEDUC) as pretreat-
ment covariates, including total enrollment, 
average attendance, whether the student grad-
uated, and grade point average. We also use the 
SIMCE parent surveys to obtain information on 
students’ socioeconomic backgrounds.

As a proxy for institutional performance, we 
use a measure of educational spending based 
on a program called Subvención Escolar Pref-
erencial. This new regulation was implemented 
in 2008 and created a new voucher for the poor-
est students, allocating significantly more re-
sources to schools for each eligible student. 
Through a four- year improvement plan, each 
school has to spend these new resources on 
teaching material, hiring educational special-
ists, contracting external support, or extending 
teachers’ contract hours. The Chilean Superin-
tendency of Education collects this spending 
data, allowing it to construct a precise measure 
of the percentage of public spending for each 
school by year, defined as (SEPspending/total 
SEPbudget).

We measure earthquake affectation using 
peak ground acceleration, which accounts for 

local geological effects. This is a widely used 
measure in earthquake engineering because, 
unlike global measures such as Richter, PGA 
represents the maximum shaking acceleration 
registered in a specific location. In addition, it 
accounts for regional propagation effects or lo-
cal amplifications that other measures, such as 
the epicentral distance, fail to capture (Aguirre 
et al. 2022; Zubizarreta, Cerdá, and Rosenbaum 
2013). We use peak ground acceleration shape-
files provided by the U.S. Geological Survey 
(2016), allowing us to precisely construct PGA 
values using the latitude- longitude plane of the 
universe of Chilean schools. We then divide our 
sample into three categories of earthquake in-
tensity by schools: low exposure (PGA<0.092), 
medium exposure (PGA>0.092 and PGA<0.34), 
and high exposure (PGA>0.34) to define the 
treatment and control groups.4

As explained, we measure exposure to the 
earthquake at the school level defined by the 
school’s location. To determine enrollment in 
a given school, we used the 2009 student regis-
tration records, the year preceding the earth-
quake. Thus a treated (control) student is de-
fined as an individual enrolled in an exposed 
(nonexposed) school in 2009, regardless of any 
subsequent school transfers following the 2010 
earthquake. Thus we ensure that our results 
were not influenced by earthquake- induced mi-
gration.

Finally, we use data from the 2008 municipal 
election from the Chilean Electoral Service 
(SERVEL) to determine the period in office of 
each mayor. This measure is an indicator vari-
able equal to one if the mayor were reelected at 
least once and zero otherwise. Table A.1 dis-
plays descriptive statistics of all the described 
variables.

Timeline
We focus on educational and electoral data 
around the year of the earthquake. As the time-
line in figure 1 shows, the earthquake occurred 
at the end of February 2010, at the beginning of 
the school year that starts in March and ends 
in December. The Chilean System for Measur-
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5. To be precise, for 2010, we retained 104,056 of the 241,332 students.

6. If we assume that the natural disaster is entirely exogenous, we can identify its effect through a simple dif-
ference in means or through a comparison of the change over time. In the latter procedure, we could gain effi-
ciency because variation is less in changes than in level differences.

ing Educational Quality is collected annually 
in October. Therefore, our short- term effects 
measure the consequences of exposure to the 
earthquake roughly eight months after. In ad-
dition, we compare outcomes by the political 
experience of the mayor in office. Municipal 
elections took place in October of 2008 and the 
mayor took office in December of the same 
year. Hence the earthquake affected Chile when 
mayors elected in 2008 had approximately four-
teen months in office.

sample and daTa sTrUcTUre
Our data structure can be best described as re-
peated cross- sectional, given that it follows 
schools over time but with different cohorts of 
students each time. Concretely, we include 
fourth and eighth- grade students who took the 
test in 2008, 2009, 2010, 2011, 2012, and 2014. 
For instance, in 2009—the baseline year—a 
given cohort of fourth- grade students took the 
SIMCE test; then, in 2010—the year of the 
earthquake—a different cohort within schools 
took these tests, and so on. Thus, we tracked 
the same schools over time but not the same 
students.

For our core findings, we restrict the sample 
to fourth- grade students who met three condi-
tions. First were those who took the SIMCE test 
during the study period, encompassing 98.9 
percent of students from schools recognized 
by the state. Second were those in a school ex-
posed to the 2010 earthquake. The latter re-
striction implied that we discarded students 
that entered the educational system after the 
earthquake. For the heterogeneous effects us-

ing the mayor’s tenure in office, we added a 
third condition, those students enrolled in 
municipal schools, excluding private and 
private- voucher schools, because their direct 
exposure to the mayor’s managerial decisions 
is limited. In 2010, 43.5 percent of students in 
the fourth- grade cohort were enrolled in pub-
lic schools.5

empirical sTr aTegy
The study of natural disasters offers excellent 
potential to researchers in that, by definition, 
such events are unpredictable and random. 
Certainly, some geographical areas are more 
susceptible than others, implying that poten-
tially affected people would differ from subjects 
in other areas. Therefore, researchers cannot 
use any nonaffected group as the comparison 
group. Nonetheless, it is plausible to find varia-
tion in exposure within a geographic unit sus-
ceptible to these events, allowing researchers 
to identify a treatment group and counterfac-
tual created through natural circumstances. In 
other words, natural disasters constitute natu-
ral experiments, that is, events in the real world 
where treatment is “as if” randomly assigned 
by forces other than a researcher (Dunning 
2008).

Even if the intensity of a natural disaster is 
perfectly random, researchers typically use 
panel data to study its effects, which allows ad-
justing for any baseline difference between 
treated and control units.6 In other words, 
panel data allows comparing changes between 
affected and unaffected units through a 
difference- in- difference model or a fixed- effect 

Figure 1. Timeline of Election and Education Data

Source: Authors’ compilation.

2008

October

SIMCE SIMCE SIMCE
Earthquake

Municipal
Election

Mayor 
Takes Office

November December October February 27 October

2009 2010
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7. We included 2007 and 2008 to check for a pre-trend in the model. We expect to find a null effect on those 
years.

8. We observe evidence in this direction because there are no differences among exposed and nonexposed 
schools on key student outcomes in the preearthquake period. To this end, we regressed five baseline covariates 
on our indicator of earthquake intensity, finding, as expected, null results (see table A.2).

specification. The latter model typically allows 
for the inclusion of geographic fixed effects, 
adjusting for heterogeneity across regional 
variables, such as states, counties, and cities. 
In our review, we found that this approach is 
prominent: about 75 percent of the cited pa-
pers use a panel or repeated cross- sectional 
data structure. Moreover, most of these papers 
show robustness checks satisfying the as-
sumptions of these models, such as parallel 
trends of the pretreatment outcome or base-
line similarities between treatment and con-
trol groups.

A second approach considers the natural di-
saster as a random instrument of some treat-
ment. For instance, earthquake intensity could 
severely affect public infrastructure. If a re-
searcher is interested in the impact of public 
infrastructure on other outcomes, they can in-
strument the treatment with the natural disas-
ter.

A third methodological approach is to create 
a counterfactual through a weighted average of 
nonaffected units. This approach allows for 
comparing similar units based on observable 
characteristics, restricting the sample to a zone 
of overlap, that is, a region where treated and 
control units have a similar probability of treat-
ment.

In our case, along with most of the litera-
ture, we estimate a difference- in- difference 
model, mainly for two reasons. First, the earth-
quake’s exact location is plausibly random, 
given that the whole Chilean territory is vulner-
able to these events. Second, we have six waves 
of cross- sectional data on student achievement 
at the individual level, which allows for com-
paring variation over time, adjusting for school 
and regional fixed effects. The estimand—the 
quantity of interest—is the average treatment 
effect (ATE), given that we are measuring the 
direct average impact of this macro- level dis-
ruption on educational outcomes.

Our first empirical analysis looks at the 
short- term effect of the earthquake on student 

achievement through a difference- in- difference 
model (DID). Here, we estimate a traditional 
DID regression, which can be described as fol-
lows:

Scoresismrt =   β0 + 
2012

Σ
y=2007

βy(y)t + η1(med)smr  

+ η2(high)smr + 
2012

Σ
y=2007

 τy(y) * (med)smr  

+ 
2012

Σ
y=2007

λy(y) * (high)smr + δr + ε  (1)

The outcome Scoresismrt represent the stan-
dardized test scores in math and Spanish of 
student i, in school s, in municipality m, in 
macro- region r, in year y. Then, the predictor 
Σy=2007

2012 are indicator variables of the years be-
tween 2007 and 2012, using 2009 as the reference 
category;7 the parameter δ represents macro- 
region fixed effects. The variables (med)smr and 
(high)smr indicate medium and high earthquake 
intensity, respectively, using PGA—low inten-
sity is omitted. The key parameters are τy and 
λy, the interaction terms between the year 
 dummies and the earthquake’s intensity in-
dicators, which accounts for the DID estimate. 
The models include the following pretreatment 
covariates: Parents’ average education, parents’ 
income (log), baseline schools’ math and lan-
guage academic achievement, and school type 
(municipal, private, or private- voucher).

The identifying assumption is that exposure 
to earthquake intensity was as- if- randomly as-
signed across schools.8 We hypothesize that 
τ < 0 and λ < 0 imply a negative effect of both 
moderate and high intensity on student achieve-
ment. Note that the counterfactual scenario is 
the change in test scores among schools with 
low exposure to the earthquake.

Our second empirical strategy estimates 
long- term effects. In these models, we estimate 
a similar DID, but instead of computing the 
outcome in 2010, we use outcome data for 2014 
obtained from the eighth- grade SIMCE test. 
Such a model can be described as follows:
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Scoresismrt =   β0 + β (2014)t + η1(med)smr  
+ η2(high)smr + τ (2014) * (med)smr  
+ λ (2014) * (high)smr δr + ε  (2)

The difference from equation (1) is the inclu-
sion of a dummy variable indicating 2014.

In addition, we estimate an interacted DID 
model, multiplying earthquake intensity with 
a variable indicating whether a mayor was re-
elected.

Scoresismrt =   β0 + 
2010

Σ
y=2007

βy(y)t + η1(med)smt  

+ η2(high)smt + 
2010

Σ
y=2007

τy(y) * (med)smr  

+ 
2010

Σ
y=2007

λy(y) * (high)smr + ω(re)mt  

 + 
2010

Σ
y=2007

αy(y) * (re)mt + ϕ1(re * med)smt  

+ ϕ2(re * high)smt + 
2010

Σ
y=2007

θy(y)  

* (re * med)smt + 
2010

Σ
y=2007

κy(y)  

* (re * high)smt + δm + ε  (3)

Here, the variable re represents a dummy in-
dicator equal to one if the mayor was reelected 
at least once, zero otherwise. This indicator in-
teracts with all the relevant variables of the 
model. The parameters of interest are τ, λ , θ 
and κ. τ and λ represent the effect of moderate 
and high earthquake intensity for municipali-
ties led by a first- time mayor; meanwhile, θ and 
κ are the impacts of moderate and high earth-
quake intensity in places with reelected may-
ors. We hypothesize that τ < 0, λ < 0, but τ + θ = 0 
and λ + κ = 0 meaning that an experienced 
mayor has a mitigating effect.

Finally, we also estimated the long- term 
model, adding the interaction term of political 
experience:

Scoresismrt =   β0 + β (2014)t + η1(med)smt + η2(high)smt  
+ τ (2014 * med)smr + λ (2014 * high)smr  
+ ω(re)mt + α(2014 * re)mt + ϕ1(re * med)smt  
+ ϕ2(re * high)smt + θ (2014 * re * med)smt  
+ κ (2014 * re * high)smt + δm + ε  (4)

As in equation 3, the parameters of interest 
are τ and θ .

In addition, in the mechanisms section, we 
estimate identical DID models such as the 

ones presented in these equations but with a 
different outcome: the SEP educational expen-
diture.

Before presenting the results, we discuss the 
challenges in estimating heterogeneous ef-
fects. Although we have an arguably exogenous 
treatment—which allows identifying the main 
effect causally—it is always difficult to estimate 
heterogeneous effects given the typical perils 
of working with observational data: endogene-
ity problems, lack of statistical power, and ad 
hoc selection of any characteristic that may 
show heterogeneity (Torche, Fletcher, and 
Brand 2024, this issue). Let us address these 
points one at a time.

We can discard the problem of ad hoc selec-
tion because the inclusion of political experi-
ence is based on theoretical grounds. Indeed, 
the main focus of this article is political experi-
ence as a mitigating factor, and we have good 
theoretical and practical reasons to believe this 
will be the case. Regarding statistical power, 
our data set is considerably large, as we have 
the universe of Chilean students who took the 
test in the included years. We acknowledge that 
we may have an endogeneity problem due to 
the nonrandom selection of mayors. Indeed, 
because mayors are not randomly assigned, it 
is plausible that municipalities with reelected 
mayors differ from the ones with newcomers in 
variables that may also be related to test scores. 
To address this problem, we restricted the sam-
ple to close races to adjust for the characteristic 
of the median voter across localities. In addi-
tion, we use inverse probability weighting 
matching in order to better adjust for observ-
able among municipalities with and without a 
reelected mayor. Our results are practically 
identical after these adjustments (for a longer 
explanation of both procedures, see the follow-
ing section).

resUlTs
We present our results in four stages. First, we 
explore the consequences of school disruption 
induced by the earthquake on student achieve-
ment. Second, we examine how the political ex-
perience of municipal mayors potentially miti-
gates the effects. Third, we discuss mechanisms, 
looking at educational spending. Fourth, we 
present several robustness checks.
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Short-  and Long- Term Effects of School 
Disruption on Student Achievement
In figure 2, we present a coefficient plot with 
the DID estimates for moderate and high inten-
sity, using math scores at the outcome and 
2009 as the reference category. The educational 
disruption created by the earthquake had a 
meaningful negative impact on students, both 
for moderately and severely affected schools, 
relative to the nonaffected ones (low- intensity). 
Indeed, medium-  and high- intensity exposure 
to the earthquake decreased math test scores 
between about 0.04 to 0.05 standard deviation 
units in 2010; the effect lingers for 2011 among 
the high- intensity group.

Relative to other benchmarks, the effect on 
math scores is quite substantial. For example, 
successful school programs implemented in 
Chile, such as lengthening the school day (Jor-
nada Escolar Completa) increased test scores 
between 0.05 to 0.12 standard deviations (Bellei 

2009). Nonetheless, when comparing with tar-
geted interventions—such as supporting teach-
ers, which yields a positive impact of around 
0.17 and 0.27 standard deviations—our effects 
look smaller (Muralidharan and Sundarara-
man 2011).

In table 1, we present the findings of the DID 
interaction for both short-  and long- term out-
comes. We display the results for the entire 
sample in models 1 and 2 and then restrict the 
analysis to municipal schools in models 3 and 
4. In model 2, panel A of table 1, there is no im-
mediate impact on Spanish- language scores, in 
contrast to math scores. This discrepancy may 
be attributed to the fact that math performance 
relies more on school- related factors, whereas 
reading skills can be influenced, to a greater 
extent, by family or cultural capital. Indeed, re-
search in the United States demonstrated that 
a larger variance of math scores, relative to En-
glish scores, are explained by teacher effects 

Figure 2. Short- Term Effect of 2010 Earthquake on Math Academic Achievement

Source: Authors’ tabulation based on SIMCE (2007–2012); MINEDUC (2006–2012).
Note: The coefficients representing the DID estimates using 2009 as the baseline year and low- 
exposure schools as the reference category. These are equivalent to model 1 in table 1. The models 
are covariate- adjusted and encompass the entire sample of students from all types of schools. Stan-
dard errors are clustered at the school level. Coefficients 95 percent confidence intervals.
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(Chetty, Friedman, and Rockoff 2014a, 2014b). 
Our findings suggest a similar pattern in Chile.

Panel B of table 1 demonstrates that, over 
the long run, the detrimental effect on math 
diminishes. We, however, observe a negative 
long- term impact on Spanish. This persistent 
effect is primarily concentrated among high- 
intensity schools. However, in the case of stu-
dents attending municipal schools, the effect 
is also noticeable in medium- intensity schools. 
A plausible explanation is that language devel-
opment is a cumulative process, relying heavily 
on early childhood experiences (Austin et al. 
2017). If the earthquake occurred during a crit-
ical period of language development, it could 
have had lasting effects on their ability to ac-
quire and use language effectively. Additionally, 
the earthquake may have created economic in-

stability, in turn affecting the long- term devel-
opment of language skills.

Finally, table A.3 shows that the negative 
short-  and long- term effects of school dis-
ruption were larger among high- performing 
students, using baseline grade point average 
relative to the school- grade median, in the 
short- term (panel A). Most likely, these stu-
dents were more engaged in school activities, 
all disrupted after the earthquake.

heTerogeneoUs eFFecTs by 
mayor ’s TenUre in oFFice
Can reelected mayors potentially mitigate the 
impact of the earthquake on learning out-
comes? To address this inquiry, we examine our 
difference- in- differences estimates in conjunc-
tion with a binary variable that indicates 

Table 1. Short and Long-Term Effect of 2010 Earthquake on Math and Spanish Academic Achievement

All Students Municipal Schools

Math (Z) 
(1)

Spanish (Z) 
(2)

Math (Z) 
(3)

Spanish (Z) 
(4)

Panel A. 8 months after fourth-grade test score
Year 2010 x Med intensity –0.04*** –0.00 –0.03 0.02

(0.01) (0.01) (0.02) (0.02)
Year 2010 x High intensity –0.05*** –0.00 –0.05** 0.02

(0.01) (0.01) (0.02) (0.02)
Observations 379,037 377,771 157,763 157,151
Clusters 6,772 6,772 3,616 3,616
Controls Yes Yes Yes Yes

Panel B. 4.6 years after eighth-grade test score
Year 2014 x medium intensity 0.01 –0.03 –0.01 –0.06***

(0.02) (0.02) (0.01) (0.01)
Year 2014 x high intensity 0.00 –0.07*** 0.02 –0.07***

(0.02) (0.02) (0.02) (0.02)
Observations 172,365 171,249 395,267 393,196
Clusters 4,782 4,785 8,328 8,334
Controls Yes Yes Yes Yes

Source: Authors’ tabulation based on MINEDUC (2004–2014); SIMCE (2005–2014).
Note: The table presents the interaction term τ as in equation 1 for the entire sample in models 1 and 2, 
and restricted for students in municipal schools in models 3 and 4. The short-term results in models in 
panel A include fourth-grade student achievement using 2009 as the baseline year and low-exposure 
schools as the reference category. The long-term results in panel B include eighth-grade student 
achievement using 2009 as the baseline year and low-exposure schools as the reference category. 
Models 1 and 3 include a standardized version of math test scores using, while models 2 and 4 use a 
standardized version of language test scores. Standard errors are clustered at the school level.
* p < .1; ** p < .05; *** p < .01 
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whether the mayor was reelected. By interact-
ing with these variables, we can assess whether 
the reelection of mayors has any moderating 
effect on the consequences of the earthquake.

In table 2, we display the results of our inter-
acted DID model, both for the short and long- 
term outcomes (equations 3 and 4). For the 
sake of simplicity, we include three coefficients: 
the impact of the earthquake on municipalities 
with a first- term mayor, the impact on munici-
palities with a reelected mayor, and the differ-
ence between the two.

Columns 1 and 2 show that the learning 

losses due to school disruption were substan-
tially higher in municipalities with a first- term 
mayor, both in math and Spanish, among 
highly exposed schools. Indeed, among schools 
with a first- term mayor, the earthquake de-
creased math test scores by 0.13 standard de-
viations, in contrast with places with an expe-
rienced mayor, where the impact is essentially 
zero. Moreover, the interaction coefficient—in-
dicating the difference between municipalities 
with a reelected and a first- term mayor among 
the high- intensity group—is substantial (0.10 
standard deviations) and statistically signifi-

Table 2. Short and Long-Term Effect of 2010 Earthquake on Math and Spanish Academic Achievement 
by Mayor’s Reelection Status

Short-Term Outcomes 
8 Months After 
Fourth grade

Long-Term Outcomes 
4.6 Years After 
Eighth grade

Math (Z) 
(1)

Spanish (Z) 
(2)

Math (Z) 
(3)

Spanish (Z) 
(4)

Medium intensity (not reelected) –0.07*** –0.01 –0.00 –0.03
(0.02) (0.02) (0.03) (0.03)

Medium intensity (reelected) −0.02 −0.00 0.01 −0.04
(0.03) (0.03) (0.02) (0.03)

Difference 0.05 0.01 0.01 −0.01
(0.04) (0.03) (0.04) (0.04)

High intensity (not reelected) –0.13*** –0.06** –0.04 –0.10***
(0.04) (0.03) (0.03) (0.03)

High intensity (reelected) 0.03 0.04 0.03 0.06*
(0.03) (0.02) (0.03) (0.03)

Difference 0.10** 0.10** 0.07 0.04
(0.05) (0.04) (0.04) (0.04)

Observations 174,161 174,500 172,290 171,175
Clusters 339 339 344 344
Controls Yes Yes Yes Yes
Macroregion F.E. Yes Yes Yes Yes

Source: Authors’ tabulation based on MINEDUC (2008–2010); SIMCE (2009–2010); SERVEL (2008).
Note: The table presents the results of our DID model, incorporating whether the incumbent mayor 
was reelected in the previous municipal election (2008). The model includes three parameters: τ, + θ, 
and θ (as outlined in equation 2). Models 1 and 3 include as outcome a standardized version of math 
test scores using SIMCE; models 2 and 4 use a standardized version of Language test scores. The 
short-term results, displayed in models 1 and 2, focus on fourth-grade student achievement with 2009 
as the baseline year. The reference category for exposure is low-exposure schools. The long-term re-
sults, presented in models 3 and 4, uses eighth-grade student achievement with 2009 as the baseline 
year. The reference category for exposure is low-exposure schools. The analysis is restricted to stu-
dents in municipal schools. Standard errors are clustered at the municipal level. 
* p < .1; ** p < .05; *** p < .01
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cant for both math and Spanish in the short 
term.

We notice, though, that the heterogeneous 
effects tend to dissipate over time. Columns 3 
and 4 of table 2 show that the achievement gap 
between students with an experienced mayor 
(relative to a first- term mayor) narrows signifi-
cantly, especially for Spanish test scores. Con-
sequently, our results suggest that experienced 
mayors were particularly relevant in the imme-
diate aftermath of the catastrophic 2010 earth-
quake.

mechanisms
What are the mechanisms driving these dispa-
rate effects? We argue that one of the pathways 
is the ability of experienced bureaucrats to mo-
bilize educational resources. To explore this 
channel, we use administrative data on educa-

tional expenditures of the SEP program, the 
aims of which we defined in previous sections. 
We observe that SEP spending generally de-
clined due to the earthquake, which is mainly 
driven by first- term mayors (figure 3). Con-
cretely, exposed first- term mayors spent ap-
proximately 10 percentage points (twice the 
 average) fewer SEP resources in 2010 than re-
elected ones. Thus, we show suggestive evi-
dence that experienced mayors were more ef-
fective at executing educational resources after 
the earthquake.

robUsTness checks
We focus on five main validity threats: i) 
whether our results are driven by differential 
exposure to the earthquake between munici-
palities with a first-term and reelected mayor; 
ii) whether contextual factors, other than the 

Figure 3. Short and Long- Term Effect of 2010 Earthquake on School Budget Execution

Source: Authors’ tabulation based on MINEDUC (2008–2012); SIMCE (2009–2012); SERVEL (2008).
Note: The figure shows the interacted DID model plotting two parameters: τ, τ + θ as equation (2) 
shows. Coefficients represent the effect of high- intensity exposure on school budget execution (as per-
centage of the total public resources assigned to the school) using 2009 as the baseline year and low- 
exposure schools as the reference category. The analysis is restricted to students in municipal schools. 
Coefficients include 90 percent and 95 percent confidence intervals. Standard errors are clustered at 
the municipal level.
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9. For an application of this method using mayoral elections in Chile, see Argote 2021.

10. Figure A.1 presents a coefficient plot of the difference between reelected and non-reelected mayors, using a 
continuous measure of earthquake intensity while employing various bandwidths. These estimates show a 
significant interaction effect in every bandwidth.

municipal management, explain our heteroge-
neous effects (we test this threat using non-mu-
nicipal schools as a placebo); iii) whether our 
results hold after adjusting by the margin of 
victory of incumbent mayors; iv) whether our 
heterogeneous effects hold after adjusting by 
inverse probability weighting; and v) whether 
our results are robust when using an alterna-
tive measure of earthquake intensity.

(i) Potentially, an earthquake could dif-
ferentially affect municipalities where in-
cumbents were reelected. To rule this out, we 
examine whether municipalities with experi-
enced mayors have different levels of exposure 
to the earthquake than municipalities with a 
first- term mayor in 2010. To this end, we re-
gress an indicator variable equal to one if the 
mayor was reelected, zero otherwise, on a set 
of indicators related to the exposure to the 
earthquake: PGA, log of distance to the epicen-
ter in kilometers, number of casualties at the 
municipal level, and the damage induced by 
the earthquake to the sewer system (as per-
centage and quantity). As shown in table A.4, 
we observe no signs that differential exposure 
to the earthquake could drive our documented 
heterogeneous effects.

(ii) Our main finding is that political experi-
ence mitigates the earthquake’s impact on stu-
dent achievement and budget spending. How-
ever, other unobserved variables among 
municipalities with experienced mayors may 
be causing the mitigating effect. To discard this 
possibility, we exploit a special feature of the 
Chilean educational system, namely, the im-
portant presence of private schools funded by 
a per- student voucher paid by the central state. 
Our logic is that if political experience and 
managerial capacities drive the mitigating ef-
fect, then such effect should not exist among 
schools not managed by the municipality. In 
table A.5, we replicate table 2 but restrict the 
sample to private- voucher schools. We do not 
find a mitigating effect on nonmunicipal 
schools, which gives us more confidence that 
no other contextual factor other than munici-

pal management explains the heterogeneous 
effect.

(iii) Moreover, we test if our heterogeneous 
political effect persists after restricting the 
sample to municipalities where the mayor won 
by a smaller electoral margin. Narrowing the 
sample to competitive electoral races is com-
mon practice in the political science literature, 
in which authors argue that politicians elected 
by a small margin are “as if random” (Lee, 
Moretti, and Butler 2004). Consequently, the 
margin of victory can be used as a running vari-
able for a regression discontinuity design, im-
plying that municipalities where the incum-
bent mayor barely won are similar to those 
where they barely lost.9 Even if the as-if-random 
assumption may be questionable, restricting 
the sample to close electoral races allows one 
to compare municipalities where the median 
voter is similar, which may account for a vari-
able that could affect both political experience 
and learning outcomes. In table A.6, we show 
the results of this exercise, using 25 and 18 per-
centage points as the margin of victory around 
the cutoff and restricting the sample to munic-
ipalities where the incumbent ran for office in 
2008. Furthermore, we apply triangular kernel 
weights, assigning greater weight to data points 
closer to the threshold. After narrowing the 
sample to close races, we observe that our re-
sults in schools with high exposure to school 
disruption are similar for both Spanish and 
math, although results are statistically signifi-
cant at a lower confidence level (90 percent), 
likely due to the sample restrictions.10

(iv) In regard to nearest neighbor matching, 
even if municipalities with and without re-
elected mayors did not have differential earth-
quake exposure, reelection status could be cap-
turing something unrelated to managerial 
capacity, threatening the validity of our hetero-
geneous effects. We used propensity score 
matching to better adjust for observable base-
line characteristics among municipalities with 
and without reelected mayors. In particular, we 
estimate the propensity score of having a re-
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11. We selected these covariates because they could potentially correlate with both having a reelected mayor 
and student achievement.

elected mayor using the following individual, 
school- level, and municipal- level covariates: 
gender, baseline test scores, school atten-
dance, average school test scores, average fam-
ily income per school, average family years of 
education per school, the average number of 
students per school, average number of stu-
dents in private- voucher schools, and percent-
age and number of students in public schools 
per municipality, average income at the mu-
nicipal level and math average academic 
achievement at the municipal level.11 Then we 
used the nearest neighbor algorithm to esti-
mate our main DID model. We find similar re-
sults (table A.7), suggesting that reelection sta-
tus did not confound with one of our baseline 
characteristics.

(v) As an alternative to the main measure of 
earthquake intensity, we use a continuous mea-
sure of exposure based on the Euclidean dis-
tance of every school to the epicenter (using the 
geographical coordinates). We measure earth-
quake affectation using the following formula: 
log(max(distances)distances). Inside the pa-
renthesis, we compute the maximum distance 
in kilometers of any school to the epicenter mi-
nus the distance of a given school, which allows 
assigning higher values to schools closer to the 
epicenter and smaller values to schools farther 
away. We then logged this subtraction to nor-
malize the distribution. Table A.8 displays the 
heterogenous effects by reelection status, using 
this measure. Again, results are practically 
identical, especially in the short- term out-
comes.

discUssion
Natural disasters do not occur in a vacuum. As 
Charles Cohen and Eric Werker (2008) claim, 
“[natural disasters] are not driven by politics, 
nor are they immune from politics.” Do politi-
cal variables play a role in mitigating adverse 
exposure to natural disasters? In this article, 
we argue that experience in office of local lead-
ers can have an important palliative role in  
the adverse exposure of children to disruptive 
events.

Exploiting a natural experiment—the 2010 

earthquake in Chile—we first show that, in 
line with previous studies, natural disasters 
have short and long- term negative conse-
quences on individual- level learning out-
comes. We find that school disruption induced 
by the earthquake detrimentally affects math 
test scores immediately and in the next few 
years, although it recovers approximately five 
years later. In Spanish, though, we find an op-
posite pattern: negative effects are null in the 
immediate aftermath of the event and negative 
later.

There are reasonable explanations for this 
pattern. As evidence in the United States sug-
gests (Chetty, Friedman, and Rockoff 2014a, 
2014b), learning math depends more on school 
resources, so a shock of this magnitude likely 
interrupted the learning flow. In turn, given 
that learning Spanish depends more on house-
hold resources and cultural capital, it is normal 
that these scores would be relatively unaffected 
at first. But, as school disruption continued 
over months, and perhaps years, reading and 
writing problems may manifest years later. 
Still, this puzzling empirical result could merit 
further exploration.

Second, we show significant heterogeneous 
political effects at the local level. Across mul-
tiple specifications, we observe that reelected 
mayors were able to mitigate learning losses 
caused by the earthquake, for both math and 
Spanish, especially in the short term. A plau-
sible interpretation of this finding is consider-
ing political experience as a proxy of manage-
rial quality. Indeed, as Scott Ashworth and 
Ethan Bueno de Mesquita (2008) claim, re-
elected politicians are likely more skilled than 
those in their first term due to the knowledge 
acquired in office or because high- quality may-
ors are more likely to be rewarded with reelec-
tion.

What explains this heterogenous effect? We 
show that a plausible mechanism through 
which political experience mitigates learning 
losses is the efficient mobilization of educa-
tional resources. This crucial finding suggests 
that experienced mayors had more capable per-
sonnel, in that their resource allocation was not 
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affected by the earthquake. Most likely, the 
years of experience in navigating different lay-
ers of the bureaucracy had a positive impact in 
times of crisis, making a huge difference for 
students exposed to this disruptive event.

A relevant question that emerges from our 
findings is what political experience is captur-
ing? Continuity in political leadership could 
imply stability in bureaucratic personnel, a cru-
cial variable to consider in the aftermath of a 
natural disaster. Indeed, the evidence related 
to educational spending strongly suggests bet-
ter managerial capacities among municipali-
ties with experienced leaders, which probably 
happened due to bureaucratic stability. This 
relevance of stability on key personnel is our 
article’s most relevant policy implication be-

cause it constitutes an achievable goal, even 
with turnover in political leadership.

The relevance of local leaders is, in some 
way, a double- edged sword because it uncovers 
the pros and cons of a decentralized gover-
nance structure, as is the case in Chile and the 
United States. On the one hand, it is positive to 
note that leadership matters, even when oper-
ating in large bureaucracies. However, in the 
context of regional inequalities in local capaci-
ties, effective leaders may decide not to run for 
office in poorer localities; or, when they do, 
they could have too many constraints to do 
their jobs effectively. In this sense, we may want 
to celebrate the impact of political leaders. 
However, we should not assume that these are 
evenly distributed across the country.

Figure A.1. Differential in Earthquake Effect on Math Scores Between Reelected and Not Reelected 
Mayors (Different Bandwidths)

Source: Authors’ tabulation based on MINEDUC (2008–2010); SIMCE (2009–2010); SERVEL (2008).
Note: Plotted coefficients represent the differential in the earthquake effect on math scores between 
reelected and not reelected mayors, using a continuous measure of earthquake intensity (described in 
the robustness checks section). The x- axis represents different bandwidths (margin of victory). Models 
are weighted using a triangular kernel. Standard errors are clustered at the municipal level. The analy-
sis is restricted to students in municipal schools. Standard errors are clustered at the municipal level.
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Table A.1. Descriptive Statistics

Mean SD Min Max

Municipal level
Total votes 16,777.88 21,811.41 330.00 135,867.00
Incumbent mayor reelection 0.66 0.47 0.00 1.00
Voucher elementary school enrollment (%) 26.08 22.55 0.00 100.00
Voucher high school enrollment (%) 28.10 27.58 0.00 100.00
Total elementary sch. enrollment 6,205.22 9,238.47 0.00 72,450.00
Total high school enrollment 2,837.30 5,362.67 0.00 56,331.00
Total municipal income (log) 14.98 1.07 9.78 18.33
Total expenditures (log) 14.55 1.76 2.63 18.06
Rural student share 0.04 0.15 0.00 1.00

School level
Peak ground acceleration (PGA) 0.23 0.13 0.00 0.50
Low exposure (PGA) 0.22 0.42 0.00 1.00
Med exposure (PGA) 0.53 0.50 0.00 1.00
High exposure (PGA) 0.25 0.43 0.00 1.00
Kilometers to earthquake center 432.42 398.03 8.63 2,187.00
Kilometers to earthquake center (log) 2.39 0.70 0.50 6.03
Mean teaching years of experience 17.08 6.08 0.00 52.00
Portfolio teacher evaluation 2.24 0.15 1.20 3.22
Number of teachers 36.01 26.99 1.00 291.00
School spending percentage (SEP) 0.38 0.37 –1.73 10.66

Student level
Income (log) 5.93 0.81 4.32 8.41
Parents’ education 2.75 0.91 1.00 4.00
GPA 5.82 0.59 1.00 7.00
Attendance 93.36 6.24 0.00 100.00
Student graduation 0.98 0.15 0.00 1.00
Student school migration 0.09 0.28 0.00 1.00
Fourth grade math test score 251.19 54.98 101.31 380.55
Fourth grade Spanish test score 262.35 53.29 99.01 382.50
Eighth grade math test score 259.82 48.26 134.61 397.53
Eighth grade Spanish test score 251.28 51.59 107.47 373.24

Source: Authors’ tabulation based on MINEDUC (2008–2010); SIMCE (2009–2010); SERVEL (2008).
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Table A.2. Balance in Pre-Treatment Outcome and Covariates

Spanish
Test Score 

(Z)

Math
Test Score 

(Z)

School
Failure 

 (%) GPA

Student
Attendance  

(%)

Student
Home 

Income

Year 2009 x medium intensity −0.00 −0.00 −0.00 −0.01 0.10 0.62
(0.01) (0.01) (0.00) (0.01) (0.08) (3.81)

Year 2009 x high intensity −0.02* −0.02 0.00 −0.01 −0.09 1.28
(0.01) (0.01) (0.00) (0.01) (0.16) (4.19)

Observations 433,236 432,991 483,359 483,355 483,359 473,131
Clusters 7.747 7.752 8.438 8.438 8.438 7.043
Controls No No No No No No
Macroregion F.E. No No No No No No

Source: Authors’ tabulation based on MINEDUC (2008–2010); SIMCE (2009–2010).
Note: Coefficients are obtained through a placebo regression of pre-treatment outcomes and covari-
ates on earthquake intensity before the event (2009). Standard errors are clustered at the school level.
*p < .1; ** p < .05; *** p < .01

Table A.3. Short and Long-Term Effect of 2010 Earthquake on Math and Spanish Academic Achievement by 
Baseline GPA

All Students Low GPA High GPA

Math (Z)
(1)

Spanish (Z)
(2)

Math (Z)
(3)

Spanish (Z)
(4)

Math (Z)
(5)

Spanish (Z)
(6)

Panel A. eight months after  
fourth grade test score

Year 2010 x medium intensity −0.04*** −0.00 −0.05*** −0.01 −0.07*** −0.03*
(0.01) (0.01) (0.02) (0.02) (0.01) (0.01)

Year 2010 x high intensity −0.05*** −0.00 −0.06*** −0.00 −0.08*** −0.04**
(0.01) (0.01) (0.02) (0.02) (0.02) (0.02)

Observations 379,037 377,771 177,108 176,396 201,929 201,375
Clusters 6,772 6,772 6,616 6,613 6,418 6,422
Controls Yes Yes Yes Yes Yes Yes

Panel B. 4.6 years after eighth  
grade test score

Year 2014 x medium intensity −0.01 −0.06*** 0.02 −0.03** −0.04** −0.08***
(0.01) (0.01) (0.02) (0.02) (0.02) (0.02)

Year 2014 x high intensity 0.02 −0.07*** 0.05** −0.05*** −0.01 −0.09***
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)

Observations 395,267 393,196 179,981 178,949 215,286 214,247
Clusters 8,328 8,334 7,988 7,999 7,563 7,560
Controls Yes Yes Yes Yes Yes Yes

Source: Authors’ tabulation based on MINEDUC (2008–2010); SIMCE (2009–2010).
Note: This table presents a similar specifications as table 1 including term τ as in equation (1). Models 1 and 2 
include the full sample. In columns 3 to 6, we analyze differential trends by low and high-performing students 
using baseline GPA (below and above percentile 25 in the same school). Standard errors are clustered at the 
school level. 
* p < .1; ** p < .05; *** p < .01 
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Table A.4. Earthquake Exposure by Mayor Reelection Status

Municipalities (N = 345)

Coefficient S.E.

Mean school distance (km) to the epicenter −0.49 (1.47)
Mean school distance (log) to the epicenter −0.06 (0.09)
Mean school peak ground acceleration (PGA) 0.00 (0.01)
Mean school high PGA (ref: low) 0.02 (0.04)
Number of people deceased −0.75 (0.80)
Population with sewer damaged −354.5 (311.4)
Population with sewer damaged (%) −0.01 (0.03)

Source: Authors’ tabulation based on US Geological Survey (2010); SERVEL (2008).
Note: Each row expresses a different bivariate regression that includes a dummy of reelection and the 
earthquake exposure indicators in 2010 as outcomes. We restrict the sample only to municipal schools 
that are directly controlled by local governments. Rows 1 to 4 are estimated at the school level. Rows 5 
to 7 are estimated at the municipal level. Standard errors are clustered at the municipal level. 
* p < .1; ** p < .05; *** p < .01 

Table A.5. Short-Term Effect of 2010 Earthquake on Nonmunicipal Schools by Mayor Reelection

Fourth grade 
Math (Z) 

(1)

Fourth grade 
Spanish (Z) 

(2)

Budget School 
Spending (%) 

(3)

Medium intensity (not reelected) −0.06** −0.01 −0.03
(0.03) (0.02) (0.04)

Medium intensity (reelected) −0.03 0.00 −0.02
(0.02) (0.02) (0.04)

Difference 0.04 0.02 0.00
(0.04) (0.03) (0.06)

High intensity (not reelected) −0.03 −0.01 −0.03
(0.04) (0.04) (0.07)

High intensity (reelected) −0.06* −0.01 −0.09
(0.03) (0.03) (0.05)

Difference −0.03 −0.00 −0.06
(0.05) (0.05) (0.09)

Observations 216,933 216,781 91,551
Clusters 265 265 250
Controls No No No
Macroregion F.E. Yes Yes Yes

Source: Authors’ tabulation based on SIMCE (2009–2010); MINEDUC (2008–2010); SERVEL (2008).
Note: The table presents the results of our DID model, where we incorporate an interaction term with a 
dummy variable indicating whether the incumbent mayor was reelected in the previous municipal 
election (2008). The model includes three parameters: τ, τ + θ , and θ, as outlined in equation (2). Mod-
els restrict the sample to private schools or private-voucher schools. Standard errors are clustered at 
the municipal level. 
* p < .1; ** p < .05; *** p < .01 
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Table A.6. Short-Term Effect of 2010 Earthquake on Math and Spanish Academic Achievement in Fourth Grade 
by Mayor Reelection Using Close Electoral Races

Math (Z) 
(1)

Math (Z) 
(2)

Math (Z) 
(3)

Spanish (Z) 
(4)

Spanish (Z) 
(5)

Spanish (Z) 
(6)

Medium intensity (not reelected) −0.07 −0.08 −0.08* −0.03 −0.01 −0.01
(0.04) (0.05) (0.05) (0.03) (0.04) (0.05)

Medium intensity (reelected) −0.03 0.02 0.03 −0.00 0.02 0.04
(0.03) (0.04) (0.04) (0.02) (0.04) (0.04)

Difference 0.04 0.09 0.11 0.02 0.03 0.04
(0.05) (0.06) (0.07) (0.04) (0.06) (0.06)

High intensity (not reelected) –0.15** –0.14** –0.15** –0.11** –0.08 –0.07
(0.06) (0.06) (0.06) (0.05) (0.06) (0.06)

High intensity (reelected) −0.03 −0.02 −0.02 0.03 0.03 0.02
(0.03) (0.04) (0.05) (0.02) (0.04) (0.04)

Difference 0.12* 0.13* 0.13* 0.15** 0.11* 0.09
(0.07) (0.07) (0.07) (0.06) (0.07) (0.07)

Electoral margin All <=25 <=18 All <=25 <=18

Observations 123,007 82,352 71,371 123,182 82,524 71,523
Clusters 254 192 165 254 192 165
Controls No No No No No No
Macroregion F.E. Yes Yes Yes Yes Yes Yes

Source: Authors’ tabulation based on MINEDUC (2008–2010); SIMCE (2009–2010); SERVEL (2008).
Note: The table shows three parameters τ, τ + θ , and θ, as in equation (2). The model is estimated by weighted or-
dinary least squares, using a triangular kernel around the margin of victory = 0. Models are restricted to students 
in municipal schools. Standard errors are clustered at the municipal level. 
* p < .1; ** p < .05; *** p < .01 
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Table A.7. Short and Long-Term Effects of 2010 Earthquake on Math and Spanish Academic 
Achievement by Mayor’s Reelection Status (Nearest Neighbor Matching)

Short-Term Outcomes 
Eight Months After

Long-Term Outcomes 
4.6 Years After

Fourth Grade 
Math (Z) 

(1)

Fourth Grade 
Spanish (Z) 

(2)

Eighth Grade 
Math (Z) 

(3)

Eighth Grade 
Spanish (Z) 

(4)

Med intensity (not reelected) −0.05* −0.01 0.03 −0.02
(0.03) (0.03) (0.03) (0.03)

Med intensity (reelected) −0.02 −0.00 −0.00 −0.07*
(0.03) (0.03) (0.03) (0.04)

Difference 0.03 0.01 −0.04 −0.05
(0.04) (0.04) (0.05) (0.05)

High intensity (not reelected) −0.12** −0.07* 0.01 −0.08**
(0.05) (0.04) (0.04) (0.04)

High intensity (reelected) −0.03 0.03 0.01 −0.10***
(0.03) (0.02) (0.03) (0.04)

Difference 0.10* 0.10** 0.01 0.02
(0.06) (0.05) (0.05) −(0.05)

Observations 173,781 174,128 150,964 149,624
Clusters 339 339 338 338
Control Yes Yes Yes Yes
Macroregion F.E. Yes Yes Yes Yes

Source: Authors’ tabulation based on MINEDUC (2004–2014); SIMCE (2005–2014); SERVEL (2008).
Note: The table presents the results of our DID model, where we incorporate an interaction term with a 
dummy variable indicating whether the incumbent mayor was reelected in the previous municipal elec-
tion (2008). The model includes three parameters: τ, τ + θ , and θ, as outlined in equation (2). The pro-
pensity score matching includes the following covariates: individual-student level: female (male), base-
line GPA, baseline student mean attendance, baseline grade completion. School level: Income, log 
income, and average parents’ education. Municipal level: voucher school total enrollment, voucher 
school enrollment share, municipalities total enrollment, fourth grade math SIMCE baseline score, 
mean municipal income as declared by parents in the schools. Standard errors are clustered at the mu-
nicipal level. 
* p < .1; ** p < .05; *** p < .01 



r s f :  t h e  r u s s e l l  s a g e  f o u n d a t i o n  j o u r n a l  o f  t h e  s o c i a l  s c i e n c e s

 p o l i t i c s  m a t t e r  2 01

Table A.8. Short and Long-Term Effects of 2010 Earthquake by Mayor’s Reelection Status Using an 
Alternative Measure of Earthquake Intensity

Short-Term Outcomes
Eight Months After

Long-Term Outcomes
4.6 Years After

Fourth Grade
Math (Z)

(1)

Fourth Grade
Spanish (Z)

(2)

Eighth Grade
Math (Z)

(3)

Eighth Grade
Spanish (Z)

(4)

Log intensity (not reelected) −0.06*** −0.03*** 0.03 −0.03*
(0.02) (0.01) (0.02) (0.02)

Log intensity (reelected) −0.02 −0.00 −0.02 −0.03
(0.02) (0.02) (0.02) (0.03)

Difference 0.04* 0.03 0.02 0.00
(0.02) (0.02) (0.03) (0.03)

Observations 160,394 159,767 166,082 164,951
Clusters 345 345 344 344
Controls Yes Yes Yes Yes
Macroregion F.E. Yes Yes Yes Yes

Source: Authors’ tabulation based on MINEDUC (2008–2010); SIMCE (2009–2010); SERVEL (2008).
Note: The table presents the results of our DID model, where we incorporate an interaction term with a 
dummy variable indicating whether the incumbent mayor was reelected in the previous municipal 
election (2008). The model includes three parameters: τ, τ + θ , and θ, as outlined in equation (2). As ex-
posure to the earthquake, we use a log continuous measure of exposure based on the Euclidean dis-
tance of every school to the epicenter log(max(distances)distances). Models 1 and 3 include as an out-
come a standardized version of math test scores; models 2 and 4 use a standardized version of 
language test scores. The short-term results, displayed in models 1 and 2, focus on fourth-grade stu-
dent achievement with 2009 as the baseline year; the long-term results, presented in models 3 and 4, 
concentrate on eighth-grade student achievement with 2009 as the baseline year. The analysis is re-
stricted to students in public municipal schools. Standard errors are clustered at the municipal level. 
* p < .1; ** p < .05; *** p < .01 

reFerences
Aguirre, Paula, Kenza Asahi, Diego Diaz- Rioseco, Ig-

macop Riveros, and Rodrigo O. Valdés. 2022. 
“Medium- Run Local Economic Effects of a Major 
Earthquake.” Journal of Economic Geography 
23(2): 277–97.

Akhtari, Mitra, Diana Moreira, and Laura Trucco. 
2014. “Political Turnover, Bureaucratic Turnover, 
and the Quality of Public Services.” American 
Economic Review 112(2): 442–93.

Alt, James, Ethan Bueno de Mesquita, and Shanna 
Rose. 2011. “Disentangling Accountability and 
Competence in Elections: Evidence from U.S. 
Term Limits.” Journal of Politics 73(1): 171–86.

Argote, Pablo. 2021. “Does Voluntary Voting En-
hance Partisan Bias? Evidence from Chile.” Jour-
nal of Latin American Studies 53(3): 547–71. 

Ashworth, Scott, and Ethan Bueno de Mesquita. 
2008. “Electoral Selection, Strategic Challenger 
Entry, and the Incumbency Advantage.” Journal 
of Politics 70(4): 1006–25.

Austin, Marie- Paule, Bettina Christl, Cathy McMa-
hon, Sue Kildea, Nicole Reilly, Carolyn Yin, Gabri-
elle Simcock, Guillaume Elgbeili, David P. 
Laplante, and Suzanne King. 2017. “Moderating 
Effects of Maternal Emotional Availability on 
Language and Cognitive Development in Tod-
dlers of Mothers Exposed to a Natural Disaster in 
Pregnancy: The QF2011 Queensland Flood 
Study.” Infant Behavior and Development 49 (No-
vember): 296–309.

Bellei, Cristián. 2009. “Does Lengthening the 
School Day Increase Students’ Academic 
Achievement? Results from a Natural Experi-



2 0 2  d i s pa r a t e  e F F e c t s  o F  d i s r u p t i v e  e v e n t s  o n  c h i l d r e n

r s f :  t h e  r u s s e l l  s a g e  f o u n d a t i o n  j o u r n a l  o f  t h e  s o c i a l  s c i e n c e s

ment in Chile.” Economics of Education Review 
28(5): 629–40.

Berthelon, Matias, Diana Kruger, and Rafael San-
chez. 2021. “Maternal Stress During Pregnancy 
and Early Childhood Development.” Economics & 
Human Biology 43 (December): 101047.

Boustan, Leah P., Matthew E. Kahn, Paul W. Rhode, 
and Maria L. Yanguas. 2020. “The Effect of Nat-
ural Disasters on Economic Activity in US Coun-
ties: A Century of Data.” Journal of Urban Eco-
nomics 118 (July): 103257.

Brady, David, Ryan M. Finnigan, and Sabine Hübgen. 
2017. “Rethinking the Risks of Poverty: A Frame-
work for Analyzing Prevalences and Penalties.” 
American Journal of Sociology 123(3): 740–86.

Caruso, Germán D. 2017. “The Legacy of Natural Di-
sasters: The Intergenerational Impact of 100 
Years of Disasters in Latin America.” Journal of 
Development Economics 127 (July): 209–33.

Caruso, Germán D., and Sebastian Miller. 2015. 
“Long Run Effects and Intergenerational 
Transmission of Natural Disasters: A Case 
Study on the 1970 Ancash Earthquake.” Jour-
nal of Development Economics 117 (Novem-
ber): 134–50.

Castaños, Heriberta, and Cinna Lomnitz. 2012. “The 
2010 Chile Earthquake.” In Earthquake Disasters 
in Latin America: A Holistic Approach, edited by 
Heriberta Castaños and Cinna Lomnitz. Dor-
drecht: Springer Netherlands.

Chetty, Raj, John N. Friedman, and Jonah E. Rockoff. 
2014a. “Measuring the Impacts of Teachers I: 
Evaluating Bias in Teacher Value- Added Esti-
mates.” American Economic Review 104(9): 
2593–632.

———. 2014b. “Measuring the Impacts of Teachers II: 
Teacher Value- Added and Student Outcomes in 
Adulthood.” American Economic Review 104(9): 
2633–79.

Cohen, Charles, and Eric D. Werker. 2008. “The Po-
litical Economy of ‘Natural’ Disasters.” Journal of 
Conflict Resolution 52(6): 795–819.

Cylus, Jonathan, M. Maria Glymour, and Mauricio 
Avendano. 2015. “Health Effects of Unemploy-
ment Benefit Program Generosity.” American 
Journal of Public Health 105(2): 317–23.

Dogan- Ates, Aysun. 2010. “Developmental Differ-
ences in Children’s and Adolescents’ PostDisas-
ter Reactions.” Issues in Mental Health Nursing 
31(7): 470–76.

Drabo, Alassane, and Linguére M. Mbaye. 2015. 
“Natural Disasters, Migration and Education: An 
Empirical Analysis in Developing Countries.” En-
vironment and Development Economics 20(6): 
767–96.

Dunning, Thad. 2008. “Improving Causal Inference: 
Strengths and Limitations of Natural Experi-
ments.” Political Research Quarterly 61(2): 282–
93.

Fuller, Sarah C. 2014. “The Effect of Prenatal Natural 
Disaster Exposure on School Outcomes.” De-
mography 51(4): 1501–25.

Gobierno de Chile. 2010a. “Actualización de falleci-
dos en el terremoto y maremoto del 27 de fe-
brero.” Technical report. Santiago: Ministerio del 
Interior y Seguridad Pública.

———. 2010b. “Plan de reconstrucción terremoto y 
maremoto del 27 de febrero de 2010.” Technical 
report. Santiago: Ministerio del Interior y Seguri-
dad Pública.

Gomez, Celia J., and Hirokazu Yoshikawa. 2017. 
“Earthquake Effects: Estimating the Relationship 
Between Exposure to the 2010 Chilean Earth-
quake and Preschool Children’s Early Cognitive 
and Executive Function Skills.” Early Childhood 
Research Quarterly 38(1): 127–36.

Harris, Douglas N., Feng Chen, Rylie C. Martin, Ann 
F. Bernhardt, Christopher R. Marsicano, and Paul 
T. von Hippel. 2024. “The Effects of the CO-
VID-19 Pandemic on Educational Attainment.” 
RSF: The Russell Sage Foundation Journal of the 
Social Sciences 10(1): 152–80. DOI: https://doi 
.org/10.7758/RSF.2024.10.1.07.

Herrera- Almanza, Catalina, and Ava Cas. 2021. “Mit-
igation of Long- Term Human Capital Losses 
from Natural Disasters: Evidence from the Philip-
pines.” World Bank Economic Review 35(2): 436–
60.

Iglesias, Virginia, Anna E. Braswell, Matthew W. 
Rossi, Maxwell B. Joseph, Caitlin McShane, Me-
gan Cattau, Michael J. Koontz, Joe McGlinchy, R. 
Chelsea Nagy, Jennifer Balch, Stefan Leyk, and 
William R. Travis. 2021. “Risky Development: In-
creasing Exposure to Natural Hazards in the 
United States.” Earth’s Future 9(7): e2020EF 
001795.

Jiménez Martínez, Maribel, Mónica Jiménez Mar-
tínez, and Rocio Romero- Jarén. 2020. “How Re-
silient Is the Labour Market Against Natural Di-
saster? Evaluating the Effects from the 2010 

https://doi.org/10.7758/RSF.10.1.07
https://doi.org/10.7758/RSF.10.1.07


r s f :  t h e  r u s s e l l  s a g e  f o u n d a t i o n  j o u r n a l  o f  t h e  s o c i a l  s c i e n c e s

 p o l i t i c s  m a t t e r  2 0 3

Earthquake in Chile.” Natural Hazards 104(2): 
1481–533.

Keefer, Philip, Eric Neumayer, and Thomas Plümper. 
2011. “Earthquake Propensity and the Politics of 
Mortality Prevention.” World Development 39(9): 
1530–41.

Lee, David S., Enrico Moretti, and Matthew J. Butler. 
2004. “Do Voters Affect or Elect Policies? Evi-
dence from the U.S. House.” Quarterly Journal of 
Economics 119(3): 807–59.

Lin, Thung- Hong. 2015. “Governing Natural Disas-
ters: State Capacity, Democracy, and Human 
Vulnerability.” Social Forces 93(3): 1267–300.

Massey, Douglas S., and Mary J. Fischer. 2003. “The 
Geography of Inequality in the United States, 
1950–2000.” Brookings- Wharton Papers on Ur-
ban Affairs no. 1.

Miao, Qing, Yu Shi, and Meri Davlasheridze. 2021. 
“Fiscal Decentralization and Natural Disaster 
Mitigation: Evidence from the United States.” 
Public Budgeting & Finance 41(1): 26–50.

Mizala, Alejandra, and Florencia Torche. 2017. 
“Means- Tested School Vouchers and Educational 
Achievement: Evidence from Chile’s Universal 
Voucher System.” Annals of the American Acad-
emy of Political and Social Science 674(1): 163–
83.

Muralidharan, Karthik, and Venkatesh Sundarara-
man. 2011. “Teacher Performance Pay: Experi-
mental Evidence from India.” Journal of Political 
Economy 119(1): 39–77.

OECD. 2017. Making Decentralisation Work in Chile: 
Towards Stronger Municipalities. Paris: Organisa-
tion for Economic Co- operation and Develop-
ment.

Osofsky, Howard J., Joy D. Osofsky, Mindy Kronen-
berg, Adrianne Brennan, and Tonya C. Hansel. 
2009. “Posttraumatic Stress Symptoms in Chil-
dren After Hurricane Katrina: Predicting the 
Need for Mental Health Services.” American 
Journal of Orthopsychiatry 79(2): 212–20.

Paudel, Jayash, and Hanbyul Ryu. 2018. “Natural Di-
sasters and Human Capital: The Case of Nepal’s 
Earthquake.” World Development 111 (November): 
1–12.

Pleninger, Regina. 2022. “Impact of Natural Disas-
ters on the Income Distribution.” World Develop-
ment 157 (September): 105936.

Raczynski, Dagmar, and Claudia Serrano, eds. 2001. 
Descentralización: Nudos Críticos. Santiago: Cor-

poración de Investigaciones Económicas para 
Latinoamérica.

Ritchie, Hannah, Pablo Rosado, and Max Roser. 
2022. “Natural Disasters.” OurWorldInData. Ac-
cessed June 23, 2023. https://ourworldindata 
.org/natural-disasters.

Rodriguez, Eunice, Kathryn Lasch, and June P. Mead. 
1997. “The Potential Role of Unemployment Ben-
efits in Shaping the Mental Health Impact of Un-
employment.” International Journal of Health Ser-
vices: Planning, Administration, Evaluation 27(4): 
601–23.

Sacerdote, Bruce. 2012. “When the Saints Go 
Marching Out: Long- Term Outcomes for Student 
Evacuees from Hurricanes Katrina and Rita.” 
American Economic Journal: Applied Economics 
4(1): 109–35.

Sehnbruch, Kirsten, Nurjk Agloni, Walter Imilan, and 
Claudia Sanhueza. 2017. “Social Policy Re-
sponses of the Chilean State to the Earthquake 
and Tsunami of 2010.” Latin American Perspec-
tives 44(4): 24–40.

Toral, G. 2021. “Turnover: How Electoral Account-
ability Disrupts the Bureaucracy and Service De-
livery.” Unpublished manuscript.

Torche, Florencia. 2005. “Privatization Reform and 
Inequality of Educational Opportunity: The Case 
of Chile.” Sociology of Education 78(4): 316–43.

———. 2011. “The Effect of Maternal Stress on Birth 
Outcomes: Exploiting a Natural Experiment.” De-
mography 48(4): 1473–91.

———. 2018. “Prenatal Exposure to an Acute Stressor 
and Children’s Cognitive Outcomes.” Demogra-
phy 55(5): 1611–39.

Torche, Florencia, Jason Fletcher, and Jennie E. 
Brand. 2024. “Disparate Effects of Disruptive 
Events on Children.” RSF: The Russell Sage Foun-
dation Journal of the Social Sciences 10(1): 1–30. 
DOI: https://doi.org/10.7758/RSF.2024 
.10.1.01.

U.S. Geological Survey, Earthquake Hazard Program. 
2016. “M 8.8 -  36 km WNW of Quirihue, Chile.” 
Accessed June 23, 2023. https://earthquake 
.usgs.gov/earthquakes/eventpage/official 
20100227063411530_30/executive.

Ward, Michael E., and Kyna Shelley. 2008. “Hurri-
cane Katrina’s Impact on Students and Staff 
Members in the Schools of Mississippi.” Journal 
of Education for Students Placed at Risk 13(2–3): 
335–53. Accessed June 23, 2023. DOI: https://

https://ourworldindata.org/natural-disasters
https://ourworldindata.org/natural-disasters
https://doi.org/10.7758/RSF.2024.10.1.01
https://doi.org/10.7758/RSF.2024.10.1.01
https://earthquake.usgs.gov/earthquakes/eventpage/official20100227063411530_30/executive
https://earthquake.usgs.gov/earthquakes/eventpage/official20100227063411530_30/executive
https://earthquake.usgs.gov/earthquakes/eventpage/official20100227063411530_30/executive
https://www.tandfonline.com/doi/pdf/10.1080/10824660802350474


2 0 4  d i s pa r a t e  e F F e c t s  o F  d i s r u p t i v e  e v e n t s  o n  c h i l d r e n

r s f :  t h e  r u s s e l l  s a g e  f o u n d a t i o n  j o u r n a l  o f  t h e  s o c i a l  s c i e n c e s

www.tandfonline.com/doi/pdf/10.1080/1082 
4660802350474.

Zera, Tati, and Muhammad Nafian. 2018. “Compar-
ing Two Models of Mapping the Peak Ground 
Acceleration (PGA) in Western Java.” Advances in 
Intelligent Systems Research 149: 140–42.

Zubizarreta, José R., Magdalena Cerdá, and Paul 
R. Rosenbaum. 2013. “Effect of the 2010 Chil-
ean Earthquake on Posttraumatic Stress Re-
ducing Sensitivity to Unmeasured Bias 
Through Study Design.” Epidemiology 24(1): 
79–87.

https://www.tandfonline.com/doi/pdf/10.1080/10824660802350474
https://www.tandfonline.com/doi/pdf/10.1080/10824660802350474

