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Abstract  

Natural disasters could contaminate water, disrupt the water supply, and cause waterborne 

disease outbreaks in the affected region, causing health damage and loss of human capital. 

However, the current research mainly focuses on the immediate effect of natural disasters on 

water safety and health and overlooks natural disasters' long-term impacts. To strengthen the 

existing literature, I use a large-scale longitudinal household survey in Indonesia and various 

geographic information system (GIS) data to identify the effect of the 2006 Yogyakarta 

Earthquake on health and waterborne disease symptoms. Comparing individuals living in the 

same communities before and after the earthquake, I find that the reported health status increased 

marginally one year after the earthquake, but this beneficial effect diminished to an insignificant 

level eight years after the earthquake. Moreover, the reported waterborne disease symptoms 

significantly decreased one year and eight years after the earthquake. I also find evidence of 

improved access to pipeline water and safe sewage, which are the main focuses of the 

reconstruction program, but not the living environment as a whole. Additionally, I find that the 

economic activities of the affected communities grew faster after the earthquake by measuring 

the change of nighttime light. These results suggest that an effective after-disaster reconstruction 

could mitigate the negative impacts and potentially turn a disastrous event into a positive one.    
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1. Introduction and Background  

 With increasing seismic and meteorological hazard incidences in developing countries 

over the past decades, natural disasters impose drastic risks and adverse effects on the health 

conditions of the affected population (United Nations, 2020). Health is one of the most critical 

factors for human capital, deciding the productivity and welfare of the individuals and 

communities in the short and long term (Gilleskie & Hoffman, 2014). The negative impacts of 

natural disasters cause individuals to lose their productivity, face asset damage, and suffer from 

welfare loss, and those changes lead to long-term adverse effects on their happiness, 

productivity, and even their children in the future (Caruso and Miller, 2015; Caruso, 2017). 

Among all risk factors, access to clean and safe water is one of the most important determinant 

factors for health after natural disasters (Popkin, D'Anci & Rosenberg, 2010). Natural disasters 

survivors are likely to drink from unprotected water resources and experience gestational 

infection (Brennan, 2005). The absence of safe and secure water could result in different acute 

infections and damage individual health conditions from various channels (Ho et al., 2019). 

Many studies have explored the reasons why developing countries face a higher risk for water 

safety after natural disasters: the underdeveloped water supply system (Tsoukalas and Tsitsifli, 

2018), unable to repair damaged water processing facilities on time (Omar et al., 2017), limited 

safe water from other locations due to damaged transportation (Watson et al., 2007), and heavily 

rely on the natural water resources (Kasozi et al., 2019). Sophisticated assistant programs after 

natural disasters would help lower the risk of infectious diseases and promote better health 

conditions (Rundblad et al., 2010).    

 Recent research focuses on the immediate effect of natural disasters on water safety and 

overlooks the long-term and persistent impacts of natural disasters on water safety. Do those 

negative impacts from natural disasters on water safety continue years after natural disasters, or 

would they diminish after a specific time? Moreover, as many affected areas receive assistance 

after natural disasters, would assistances effectively reduce the waterborne diseases after natural 

disasters, or could it even reduce the waterborne disease condition compared to the before 

disaster level? I use a large-scale, longitudinal household survey in Indonesia and combine 

various geographic information system (GIS) datasets to find answers to those questions. By 

identifying the effect of the 2006 Yogyakarta Earthquake on water safety one year and eight 
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years after the earthquake, I explore how a destructive earthquake with an extensive assistance 

program affects the waterborne diseases symptoms incidence.1 

 On May 27, 2006, a 6.3 magnitude earthquake hit the densely populated province of 

Central Java and Yogyakarta City. The earthquake resulted in over 5,700 deaths, injured about 

40,000 people, and destroyed 350,000 homes, causing losses estimated at $3.1 billion. This 

earthquake ranks among one of the costliest natural disasters in the developing world (World 

Bank 2012). As many homes in the area were constructed without sufficient reinforcement and 

low-quality building materials, together with the earthquake hitting a relatively shallow 33 feet 

below the surface, those conditions amplified the shaking intensity, caused far more damage than 

previously expected. On top of the earthquake damage, the already weak water supply system 

worsened the water safety condition. About 18% of households rely on surface water for 

drinking, and only 11% of households have access to pipeline water in Indonesia, conditioning 

on poor water quality and regular supply interruption (Statistics Indonesia, 2014). Given 

Indonesia's weak water and sanitation condition, diarrhea remains one of the fatal health 

concerns, resulting in 31% of the post-neonatal death and 25% of child mortality (UNICEF, 

2012). After the 2006 Yogyakarta earthquake, the earthquake damaged the water supply stations 

leading to massive temporary water supply disruption within the affected area (Java 

Reconstruction Fund, 2012). Fortunately, after the earthquake, the affected area also received 

considerable international and domestic assistance for reconstruction. Those assistant programs 

helped the affected area with medical services, financial aid, and asset repairing (Java 

Reconstruction Fund, 2012).  

 By linking economics, public health, and geographic information system together, this 

paper studies the short-term and long-term effects of the earthquake on acute waterborne 

diseases symptoms through water safety. I found evidence that waterborne diseases symptoms 

significantly decreased one year and eight years after the earthquake, but not for none-

waterborne diseases symptoms. Thus, improved waterborne disease conditions might have 

improved the reported health condition of the affected population marginally one year after the 

earthquake, but not in the long term. Moreover, my results also show that households had better 

 
1 Indonesia Family and Life Survey (IFLS) only gives symptoms not diseases incidence. Thus, I do not know what 
type of diseases the individual acquired, only symptoms.  
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access to some aspects of the safer environment but not a whole, and communities achieved 

faster economic development in the affected area. Those changes in the community and 

household level could explain why the waterborne diseases symptom incidence decreased 

significantly in the short term and long term. This research complements the current literature on 

natural disasters on water safety. It proposes that reconstruction and economic growth may have 

helped improve the living environment and reduced the incidence of waterborne diseases in the 

affected area. It is, to my knowledge, the first research to explore the long-term causal effect of 

natural disasters on water safety in developing countries.  

  This paper aims to examine the change of waterborne diseases symptom incidences after 

the 2006 Yogyakarta Earthquake. The outline of this paper is as follows. Section 2 presents 

different datasets used by this paper and defines variables used for estimation. The research 

design and statistical analysis at the individual, household, and community levels are described 

in section 3. Section 4 presents the results of observations living in the same communities over 

time, and section 5 explores those who moved after the earthquake. Section 6 checks the threat to 

the identification and conducts robustness checks for the main analysis. Finally, a discussion of 

the results and policy implication is in section 7. section 8 concludes this paper.  

2. Data 

 Due to the complicated nature of this study, I use three different datasets for this study: 

Indonesian Family Life Survey (IFLS) for individual, household, and community panel 

information, United States Geological Survey (USGS) ShakeMap for the earthquake ground 

shaking intensity, and National Oceanic and Atmospheric Administration (NOAA) for the 

nighttime light data to track the economic activities change. As one key research aspect is how 

reconstruction could have altered the effect of the earthquake on water safety and potentially 

benefit the affected area, spatially distribution data on the reconstruction resources would help 

me accurately identify this potential effect. Unfortunately, no data provides information on the 

geographic distribution of the reconstruction resources.  

2.1 Individual, Household, and Community Data: Indonesian Family Life Survey (IFLS) 

 I use the Indonesian Family Life Survey (IFLS) data to extract personal information, 

including the incidence of acute disease symptoms, age, residential location, and household 
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living environment. Indonesian Family Life Survey (IFLS) is an ongoing longitudinal survey in 

Indonesia that started in 1993. It records the respondents of their individual, household, and 

community characteristics by the survey interviewers. The IFLS represents about 83% of the 

Indonesian population and contains over 30,000 individuals living in 13 of the 27 provinces from 

1993 to 2014/2015. The first wave was conducted in 1993, 2nd wave in 1997, 3rd wave in 2000, 

4th in 2007/2008, and the last wave in 2014/2015. With the richness of the IFLS, I create the 

incidence of acute disease symptoms at the individual level and their household living 

environment by the time of the survey.2 

 To identify the effect of the earthquake and its reconstruction on waterborne diseases, I 

extend the scope of this research and include none waterborne diseases. Thus, I create two 

different groups of acute incidences: waterborne incidence and none-waterborne incidence.3 

Waterborne incidence includes stomachache, diarrhea, vomiting, skin infection, and eye 

infection, and none-waterborne incidence includes coughing, headache, toothache, running nose, 

and fever. I define waterborne incidence as water safety that could directly explain the infection 

symptoms. Considering infections could also lead to headache and fever, I include fever and 

headache as waterborne disease symptoms as a robustness check in section 6.  Furthermore,  to 

understand why symptoms have changed after the earthquake, I create a vector of household 

environment variables for each household, including pipeline water for drinking, indoor water 

access, pipeline water for use, septic tank toilet, flowing sewage, and garage processing service. 

In addition, the dataset also provides the community-level information, which gives the exact 

GPS location of the community and other community-level details, helping to identify the effect 

of the earthquake at the community level. All variables and definitions used for this paper are 

demonstrated in Appendix A.  

 As the earthquake happened in 2006, I use IFLS3(2000), IFLS4 (2007/2008), and 

IFLS5(2014/2015) as the study period, but also IFLS2 (1997) to test identification. As most of 

the reconstruction finished in 2009, IFLS4 records the short-term effect of the earthquake or 

during the reconstruction period by comparing the individual, households, and communities 

 
2 IFLS also provides information for chronic diseases, but it is out of the scope of this study.  
3 In public health, incidence means any symptoms appeared within a certain time frame and they are considered as 
new occurrence within that period. Prevalence is the proportion of persons in a population who have a particular 
disease or attribute at a specified point in time or over a specified period. For example, new poverty population is 
similar as incidence and total poverty population is prevalence.  
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between IFLS3 and IFLS4. Meanwhile, IFLS5 describes the conditions of the individual after the 

reconstruction is finished, showing the long-term effect of the earthquake. By tracking the same 

individuals and comparing the changes between IFLS3 and IFLS5, I can identify the long-term 

impact of the earthquake on the affected individuals, households, and communities. Together 

with three different waves, I explore the effect of the earthquake with a robust reconstruction 

program on the incidences of acute symptoms and the accessibility to safer environments among 

affected households both in the short and long term.     

 As I study the effect of changes in the environment and economic development to explain 

the differences in waterborne disease incidence after the earthquake, migration and individuals' 

residential location are critical factors in eliminating the confounding effects in estimation. To 

limit the confounding effect, I divide my study samples into two groups: never-mover and ever-

mover. Never-movers are those who lived within the same community over the study period. 

However, due to the data limitation, if a household moved within the same communities, such as 

between different villages, I still count them as never-mover.4 Ever-movers are those who moved 

to other communities after IFLS3. If someone moved after IFLS4, they are defined as never-

mover when studying the short-term effect (from IFLS3 to IFLS4) and ever-mover when looking 

at the long-term impact (IFLS3 to IFLS5).  

2.2 Earthquake Intensity Data: United States Geological Survey (USGS) ShakeMap 

[Figure 1 Insert Here] 

 Indonesia is a country with constant seismic risk. As figure 1 shows, about 1,224 

earthquakes happened onshore with a magnitude higher than 5.5 from 1980 to 2015 in Indonesia.  

For this study, we choose one of the most costly earthquakes in the developing world, the 2006 

Yogyakarta earthquake. To study the effect of this earthquake, I use ShakeMap Modified 

Mercalli Intensity (MMI) from the US Geological Survey. Each earthquake has an associated 

earthquake magnitude in the Richter scale, indicating the total energy released by the earthquake. 

However, the modified Mercalli intensity (MMI) provides a better measurement of the actual 

effect of the earthquake as it measures the ground shaking intensity and how likely it would 

 
4 As moving between villages are not publicly available, migration between communities is the most accurate 
information for migration from IFLS.  
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result in damage to the affected area (USGS, 2021). MMI composes increasing intensity ranging 

from imperceptible shaking to catastrophic destruction by a Roman numeral from I to XII. 

Compared to traditional measurements such as distance to epicenter or house damaged per 

capita, MMI isolates the geographic heterogeneity such as spaces, soil types, and earthquake 

types to accurately identify the true impact of the earthquake at specific locations (Zhao et al., 

2006). Figure 2 shows the Modified Mercalli Intensity in Java Island recorded by the earthquake 

sensor machines. The MMI polygons from the ShakeMap increase with 0.2 intensity units, in 

which darker red indicates a higher level of MMI, lighter red shows a lower intensity, and the 

white color presents no recorded intensity or effect in that location.5 I spatially link the IFLS 

communities with MMI shape data using their GPS locations to assign the MMI at the 

community level.6  

[Figure 2 Insert Here] 

 Furthermore, considering the most affected area, the Yogyakarta City, is a more 

developed area than other parts of  Indonesia, I follow Kirchberger (2017) and select 

communities centered within 50 kilometers of cities with more than 100,000 population in 2000 

to construct a more homogenous sample. Including samples from the rural or less 

underdeveloped area as a control group might bias the effect from the earthquake and lead to 

confounding effects in estimation. Therefore, I selected the control groups to the location near 

major cities. Table 1 shows the health posts difference and other commnual differences between 

selected and excluded communities. Figure 2 illustrates the communities chosen for this study. 

The red dots indicate that those communities are located within the at least 50 kilometers buffer 

of large cities within Java Island. The white dots are communities excluded from my study.  

[Table 1 Insert Here] 

[Figure 3 Insert Here] 

 

 
5 Due to the technology limitation, intensity lower than 2.8 are generally not recorded by the sensor machines.  
6 The individual resident location at the village level is not accessible due to the privacy concerns.  
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2.3 Economic Development: National Oceanic and Atmospheric Administration (NOAA) 

Nighttime Light Data  

 Community is an IFLS created administrative unit, and there is no information recording 

the community-level GDP. To study the long-term effect and measure economic activity change, 

I use nighttime light data from the National Oceanic and Atmospheric Administrative (NOAA) 

to approximate the economic activities. By studying the change of the nighttime light, I can 

identify the earthquake's impact on economic development within the affected area (Fabian et al., 

2019; Heger & Neumayer, 2019).  NOAA provides maps of annual average nightlights where the 

highest resolution is a pixel of size about 30 × 30 arc-seconds. The lights are recorded based on 

the brightness in Digital Numbers (DN) ranging from 0 to 63, where 0 indicates no detected light 

and 63 indicates the highest level of luminosity by excluding natural glare and moonlight. 

Economic literature often uses the nighttime light to measure economic activities. A larger DN 

change suggests a higher level of economic growth, and a lower change or negative change of 

DN indicates a lower-level development or economic recession (Heger & Neumayer, 2019). 

Therefore, I extract nightlight data from 2000 to 2013 to examine the DN changes in the affected 

area compared to the non-affected areas, six years before the earthquake and six years after the 

earthquake.7 Three satellites recorded the satellite image from 2000 to 2013:  F15 records images 

from 2000 to 2007, F16 records images from 2008 to 2009, F17 records images from 2010 to 

2013 (NOAA, 2021). Although F16 also provides images from 2005 to 2007, I use F15 until 

2007 to decrease the measurement error due to the satellite detection difference.  

 As I extrapolate the change of the DN change within a community area to measure the 

changes in economic activities, I create a buffer of 10 kilometers around all selected 

communities to measure the luminosity changes within this buffer. This step helps to ensure that 

I measure the total change of the DN within the community area rather than just a GPS point.8 

Moreover, considering nighttime light suffers from calibration issues that do not accurately 

identify the exact location on the map, using the summation of luminosity within an area rather 

 
7 Version 4 DMSP-OLS Nighttime Lights Time Series only records data available from 1992 to 2013, I can only 
observe nightlight data up to 2013. Although there are nighttime light data available after 2013, they are based on 
other satellite and band collecting methods which could result in significant larger measurement error when 
compared to Version 4 DMSP-OLS. 
8 The administrative units of Indonesia is based on province, district, subdistrict, and village, in which the village 
information is masked for privacy purpose. Community is a IFLS specific level which reside between subdistrict and 
village. In this case, an area should better present the economic activity better than a point.  
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than a specific location helps to reduce the measurement error and better estimate the economic 

changes within that region (Gibson et al., 2021). Specifically, I spatially link the community GPS 

location with nighttime light raster data, giving a sum of  DN for each community within a 10 

kilometers buffer from 2000 to 2013.9 Table 2 summarizes the data used for this study. 

[Figure 4 Insert Here] 

[Table 2 Insert Here] 

3. Empirical Strategy 

3.1 Individual Fixed Effect Model with Earthquake Intensity  

 Using the 2006 Yogyakarta Earthquake as the natural experiment and drawing data from 

IFLS, I use the individual fixed effect model to identify the causal effect of the earthquake on 

acuate disease incidences and reported health conditions. By assuming in the absence of the 

earthquake, trends in the disease symptoms across individuals would have been the same, this  

the individual fixed effect study design employs a strategy of within-individual comparison 

along two dimensions: one across geographic location and one across time (Brown and 

Velásquez; 2017). When compared across time, I compare the incidence of symptoms of the 

same individual before and after the earthquake, controlling time-invariant characteristics which 

cannot be affected by the earthquake. When compared across space, I explore how different 

earthquake intensities affect the incidence of symptoms across different communities with high 

and low MMI. The treatment is a continuous measurement of earthquake intensity. A higher 

MMI indicates a more severe earthquake effect, and a lower MMI means a less or no earthquake 

effect. This research design helps control omitted variables at the individual level and isolates the 

direct causal impact of the earthquake on the symptom incidences. Specifically, I estimate the 

following model:  

𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑀𝑀𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝐴𝐴𝐴𝐴𝐴𝐴 + 𝛽𝛽3𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 + 𝜇𝜇𝑡𝑡 + 𝜃𝜃𝑖𝑖 + 𝜗𝜗𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖 

Where Yics is the incidence of symptoms, which equals 1 if individual i experienced any 

specific types of symptoms over the past four weeks and lived in the community c during 

 
9 The choice of choosing 10 kilometers is arbitrary. No literature or IFLS documents show the average size of the 
IFLS communities. I use NOAA data and Landsat data to roughly estimate the size of the community, and 10 
kilometers seems to be acceptable community size estimation.  
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survey wave s. Mics is the earthquake MMI for individuals i  lives in community c during 

survey wave s, which equals 2.8 before the earthquake or the community is not affected by the 

earthquake.10 Age and AgeSquare record the linear and nonlinear effect of age on the incidence 

of symptoms over time.11 μt is the month fixed effect recording the unobservable effect from 

the seasonality of diseases (Azage et al., 2017). θi is the individual fixed effect tracking the 

unobservable individual characters, which could have affected the incidences of the symptoms, 

and ϑs is the survey wave fixed effect demonstrating different levels of incidences of symptoms 

reported across surveys. My coefficient of interest is the β1 recording the causal effect of the 

earthquake's intensity on the incidence of a vector of disease symptoms. The underlying 

difference-in-difference assumption is that the individuals before the earthquake did not have 

different trends of disease incidence in affected and non-affected communities. This 

assumption is verified in section 6.  The standard errors are clustered at the community level to 

allow serial correlation within the same geographic units.   

3.2 Household Fixed Effect Model with Earthquake Intensity  

 Next, I explore the mechanism of the disease symptom incidences changes based on the 

household living environment factors. By examining the causal effect of the earthquake on the 

household living environment, I use the household living environment change to explain the 

differences in the incidence of diseases symptoms among individuals. Those environments 

include pipeline water, inhouse water supply, sewage system, septic tank toilet, and garbage 

disposal.  Similar to the individual fixed effect, this estimation compares the accessibility to a 

safe environment before and after the earthquake for households living in high-intensity and low-

intensity communities. The following specification demonstrates the estimation:  

𝑌𝑌ℎ𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑀𝑀ℎ𝑖𝑖𝑖𝑖 + 𝜃𝜃ℎ + 𝜗𝜗𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖 

Yhcs indicates if the observation can access a specific safe household living environment factor. It 

takes the linear value 1 if the household h living in community c, in survey years s access to a 

 
10 Due the limitation of the detection device, the lowest earthquake intensity recorded is 2.8. Therefore, I use 2.8 as 
the lowest earthquake throughout the analysis. Any intensity lower than 4 is very unlikely to cause any significant 
effect in the affected area.  
11 To ensure the strictly exogeneity of the estimation, no other control variables are used for this analysis since other 
variables such as smoking behavior could be affected by the earthquake which explains the incidences of the 
diseases at the same time.  
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particular type of safe living environment factor. Mhcs is the community level MMI for each 

household h located in community c from survey wave s. θh is the household fixed effect 

tracking the unobservable household characters that could have affected accessibility to safe 

living environment factors, and ϑs is the survey wave fixed effect recording the difference 

between different survey waves. β1 shows the causal impact of the earthquake's intensity on the 

accessibility to a safe environment if the household did not experience different levels of the 

living environment factor changes in the affected and non-affected communities before the 

earthquake. Section 6 verifies the assumption using a placebo test between IFLS2 and IFLS3. 

The standard errors of this estimation are clustered at the community level to allow serial 

correlation within the same communities.  

3.3 Multiple Outcome Indexing  

 Additionally, since I study a vector of diseases symptoms and living environment factors, 

I create an index recording all diseases incidences and living environments to improve the 

statistical power of the estimation by following Currie et al. (2020) and Kling et al. (2007). As 

my outcome variables orient with the same direction showing the same effect: a higher value 

among diseases incidence means a higher likelihood of have diseases symptoms, and a higher 

value among living environment means a higher probability of accessing to a better environment 

factor, I aggregate the same direction outcomes within a domain as indices, Y. This method 

improves statistical power to detect effects of the earthquake over a vector of outcomes. 

Mathematically, the indices Y is defined as the equally-weighted average of z-scores of its 

components. A larger index score indicates a more adverse effect for disease incidence and a 

more beneficial outcome for living environments. The z-scores are calculated as follow:  

𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖 = ∑
𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 − 𝑋𝑋𝚤𝚤𝑖𝑖𝑖𝑖�����
𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑖𝑖

      𝑜𝑜𝐴𝐴     𝑧𝑧ℎ𝑖𝑖𝑖𝑖 = ∑
𝑋𝑋ℎ𝑖𝑖𝑖𝑖 − 𝑋𝑋ℎ𝑖𝑖𝑖𝑖������

𝑠𝑠𝑠𝑠ℎ𝑖𝑖𝑖𝑖
    

I estimate indices Y with summation of equally-weighted z-scores using treatment outcome 

subtracts the control group mean first and divides by the control group standard deviation with 

each component of individuals i or households h. The control group is defined as those 

individuals or households who were not affected by the earthquake or have an MMI at 2.8 level. 

Therefore, the control group variables take a mean of 0 and a specific standard deviation for each 

disease symptom and living environment component based on the specifications.  
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3.4 Community Fixed Effect Model with Earthquake Intensity  

 To further explore if the earthquake changed the economic development within the 

affected communities, leading to a beneficial effect on disease incidence and accessibility to a 

safe environment, I use the community fixed effect model to estimate the causal impact of the 

earthquake on the nighttime light change. By following Heger and Neumayer (2019) estimates 

the following equation.  

𝛥𝛥𝑁𝑁𝑁𝑁𝑖𝑖𝑡𝑡 = 𝛽𝛽0 + 𝛽𝛽1 � 𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖 × 𝑇𝑇𝑡𝑡

2005

𝑡𝑡=2001

+ 𝛽𝛽2 � 𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖 × 𝑇𝑇𝑡𝑡

2006

𝑡𝑡=2006

+ 𝛽𝛽3 � 𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖 × 𝑇𝑇𝑡𝑡

2009

𝑡𝑡=2007

+ 𝛽𝛽4 � 𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖 × 𝑇𝑇𝑡𝑡

2013

𝑡𝑡=2010

+ 𝜎𝜎𝑖𝑖 + 𝜌𝜌𝑡𝑡 + 𝜀𝜀𝑖𝑖𝑡𝑡 

In the estimation equation, ΔNLct is the change of the community level nighttime light from the 

previous year, and NLct is the log transformation of the summation of the DN of pixel n on the 

map within 10 kilometers of the community c in year t.12 

𝑁𝑁𝑁𝑁𝑖𝑖𝑡𝑡 = log (�(𝐷𝐷𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛)
𝑁𝑁

𝑖𝑖=𝑖𝑖
 

Thus, β1 records the nighttime light change between the affected and non-affected communities 

from 2000 to 2005. If the communities had a similar economic growth rate, the β1 would be 

statistically insignificant between those with high MMI intensity and those with low MMI 

intensity.13 β2 captures the direct damaging impact of the earthquake in 2006. If the earthquake 

generated a significant impact and destroyed numerous facilities in the affected area, β2 would 

be negative due to the earthquake damage. The aid and reconstruction period is from 2007 to 

2009, recorded by the coefficient of β3. The sign of β3 demonstrates the effect of the 

reconstruction and the earthquake: a negative sign indicates the positive impact from 

reconstruction is less than the negative effect from the earthquake, and a positive coefficient 

indicates the reconstruction provides a faster growth rate in those areas with the high 

earthquake intensity. The long-term economic growth difference is recorded by β4, in which a 

 
12 Heger and Neumayer (2019) added 0.01 DN to each pixel point  
13 As we measure the change of nightlight in the affected area, 2000 is dropped from the analysis as it is the start 
year for the regression.  
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positive sign indicates economic growth sustained in the affected communities and a negative 

sign indicates economic growth collapsed in the affected communities after reconstruction is 

finished. σc is the community fixed effect, and ρt is the year fixed effect recording the 

unobservable heterogeneity due to the community and year difference.14 The standard errors 

are clustered at the community level to allow serial correlation within communities.    

4. Results   

4.1 Disease Incidence of Never-movers 

 First, I explore the effect of the earthquake on waterborne diseases and their related 

symptoms. The estimation results are presented in Table 3. By comparing IFLS3 and IFLS4, the 

result shows that the incidence of vomiting, skin infection,  and eye infection decreased 

significantly among individuals who lived in the high intensity compared to the low-intensity 

areas, but no significant change for stomachache and diarrhea. Furthermore, the waterborne 

diseases index indicates a substantial reduction in the high MMI communities compared to the 

low MMI communities. In terms of the magnitude, with each standard deviation of the MMI 

increase, vomiting decreases about 12%, skin infection decreases about 13%, and eye infection 

decreases by 19% from the sample mean, conditional on a 144% reduction in waterborne 

diseases index. Thus, my result shows the earthquake effectively restored water safety and 

lowered waterborne disease incidence in the affected areas one year after the earthquake, which 

is different from most previous studies on natural disasters and water safety.  

 By comparing the change between IFLS3 and IFLS5, I identify the effect of the 

earthquake on waterborne diseases eight years after the earthquake. The result indicates that the 

beneficial effect on vomiting, skin infection, and eye infection sustained in the long-term and the 

long-term magnitude of the impact is even larger than the short-term impact. Therefore, I found 

that waterborne disease symptoms decreased significantly in the affected area one year after the 

earthquake and eight years after.  

 Furthermore, I identify the effect of the earthquake on non-waterborne diseases 

symptoms. Table 4 shows that the non-waterborne diseases index does not indicate a significant 

 
14 Three satellites record the satellite image from 2000 to 2013, F15 records images from 2000 to 2007, F16 records 
images from 2008 to 2009, F17 records images from 2010 to 2013. F16 shows clearly glares in the map, in which 
the darkest area shows some level of light all year around. Therefore, I choose F15 whenever it is possible.  
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impact during the short term, but the disease incidence decreased significantly in the long term. 

Specifically, only the incidence of toothache decreased in the high-intensity areas, and its effect 

continues in the long term. I cannot find evidence on why toothache incidences decrease, and 

this finding opens some exciting research projects for future studies. Additionally, as headaches 

reduced significantly in the long-term, along with the reduction in toothache, the non-waterborne 

diseases index decreased in the long-term among affected individuals.  

 When considering multiple hypothesis tests simultaneously, standard statistical 

techniques could over-rejection null hypotheses. Therefore, I calculate the step-down adjusted p-

values to correct the multiple hypothesis testing by following Romano and Wolf (2005). By 

setting a list of binary decisions concerning the individual null hypotheses as a whole, this 

procedure helps to construct a better statistical estimation by using a stepwise multiple testing 

procedure that asymptotically controls the familywise error rate. This procedure rejects more 

false hypotheses and captures the joint dependence structure of the test statistics, improving the 

ability to detect false hypotheses with different outcomes. Romano-Wolf multiple hypothesis 

correction p-values for each outcome are also reported. As this procedure considers the 

probability of rejecting at least one true null hypothesis in a family of hypotheses under the test, 

the overall results are more conservative than the original results. Only the incidences of skin 

infection, eye infection, and toothache significantly decreased in the long term, and no other 

effects show statistically significant changes after the earthquake. Although a less substantial 

impact is observed, this conservative procedure provides similar results as before. 

 My results suggest that the earthquake demonstrates a beneficial and lasting effect on 

waterborne disease, lowering the likelihood of contracting such infection. Furthermore, although 

the earthquake did not affect the non-waterborne disease incidence in the short term, a significant 

positive effect is observed in the long term, especially for headaches and toothache.  

[TABLE 2 Insert Here] 

[TABLE 3 Insert Here] 

4.2 Reported Health Status of Never-movers 

 While natural disasters could significantly worsen the living environment and reduce the 

health status of affected individuals, I found the earthquake lowered waterborne diseases in high 
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earthquake intensity areas. Would reducing the incidence of diseases improve the reported health 

status, or would the negative impacts of the earthquake outweigh the beneficial effect of the 

earthquake? To answer this question, I explore how the earthquake affects the reported health 

status among all individuals who lived in the same community after the earthquake. Similarly, as 

the incidences of disease symptoms, I replace Yics with individual reported health status from 1 to 

4, in which 4 indicates the worst health condition and 1 demonstrates the best health condition. 

For simplicity, I use linear estimation for an ordinal dependent variable regression, but the result 

is robust by employing an ordered logistic model of four ordered choices.  

 Table 5 shows the estimation results for the short-run effect and the long-run effect after 

the earthquake. By estimating the reported health status change from IFLS3 to IFLS4, the 

reported health condition increased by 0.026 units for each standard deviation of the intensity 

level, showing a negligible but significant positive effect on health. However, when measuring 

the change from IFLS3 to IFLS5, not only has the magnitude of health benefit diminished, but 

also it became statistically insignificant. Thus, the reconstruction seems to help improve the 

health condition immediately after the earthquake. But this effect diminishes to an insignificant 

level eight years after the earthquake. Therefore, no significant adverse effects from the 

earthquake on the reported health have been found when a robust reconstruction program has 

been implemented in the affected area.    

[Table 5 Insert Here] 

4.3 Accessibility to Safe Environment of Never-movers 

 To explain why the waterborne disease symptoms decreased significantly, both one year 

and eight years after the earthquake, I verify the change of the reported household living 

environment factors in the high intensity and low-intensity communities among never-movers. 

Thus, I study if the accessibility to safe environment factors changed by comparing the affected 

and non-affected households before and after the earthquake.  

 Table 5 presents the estimation result. Although the general living environment index did 

not change in the short term, the affected households have a much higher likelihood of access to 

pipeline water and flowing sewage, conditioning on accessing less safe using water. For each 

standard deviation change in intensity, the likelihood of accessing pipeline drinking water 
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increases by about 1.8 percentage points, counting 8% above the sample average, while the 

likelihood of accessing flowing sewage increases by about four percentage points, counting 7% 

above the sample average. But households face a 10% lower chance of access to safe use water 

than the sample mean. In the long-term, the general living environment index still does not 

improve since the beneficial effect from the flowing sewage diminished to an insignificant level, 

and access to safe drinking water does not compensate for the loss from unsafe use water. 

Noticeably, household access to pipeline water for drinking increased significantly in both the 

short and long-term, at the household level. Still, the effect is much more prominent in the long-

term. With each standard deviation increased in intensity, the likelihood of access to pipeline 

water increased by about 20% from the sample mean by comparing IFLS3 with IFLS5. Based on 

the result, I cannot precisely conclude if the living environment as a whole has improved for the 

affected households. Still, I observe that households have access to better pipeline water for 

drinking. As the Romano-Wolf multiple hypothesis testing provides conservative testing on 

various outcomes, no living environment factors significantly changed after the earthquake. 

Nevertheless, this result provides evidence on why waterborne diseases have decreased both in 

the short-term and long term as individuals have better access to safe drink water, reducing the 

probability of contracting waterborne diseases by drinking unprocessed water.  

[Table 6 Insert Here] 

4.4 Nighttime Light and Economic Development  

 One possible reason is to explain why both waterborne diseases and non-waterborne 

diseases both decreased significantly in the long term is economic growth. If the affected 

communities experienced better economic growth, it could explain the improved living 

environment and reduced disease incidence due to better infrastructure and more robust public 

goods. Specifically, the earthquake might have fueled economic development in the affected 

area, leading to an improved living environment and lowering the incidence of waterborne 

disease symptoms. Gignoux and Menéndez (2016) show that although the affected Indonesian 

rural population experienced short-term economic losses after major earthquakes, they recovered 

after two to five years and even exhibited income and welfare gains six to twelve years later. 

Heger and Neumayer (2019) show that the sizeable after-disaster reconstruction and assistance 

program triggered a higher economic output growth than would not have happened in the 
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absence of the 2004 Indian Ocean Tsunami in Ache, Indonesia. Therefore, this hypothesis could 

be valid for this earthquake.  

 To verify the hypothesis, I use nighttime light change from 2000 to 2013 based on 

National Oceanic and Atmospheric Administration (NOAA) data to confirm if the affected 

communities experienced faster economic growth than non-affected communities. Economists 

increasingly use nighttime light as detected by satellites to estimate the economic activity in 

developing countries (Gibson et al., 2021). Higher illumination or Digital Number (DN) 

indicates an area experienced a higher level of economic activities, and a positive change in DN 

presents increased economic activities and higher economic growth. Therefore, by tracking the 

change of the nighttime light in the affected communities with unaffected communities over 

time, I identify the changes in the economic activities because of the earthquake.  

 Table 7 summarizes the results by dividing the time into four categories: before the 

earthquake (2002 to 2005), during the earthquake (2006), after the earthquake but during the 

reconstruction period (2007-2009), and after the earthquake and after reconstruction (2010 to 

2013). 15 From 2002 to 2005, when compared to the nighttime light change from 2000 to 2001, 

the economic growth of communities in the high intensity area is slower than the unaffected 

communities by 2.49 percent with each standard deviation of MMI level, giving a 0.01 level 

significance level. This result indicates that the nightlight change within affected communities 

was significantly lower than the unaffected communities before the earthquake. Unlike the 

theoretical prediction, the affected communities did not suffer a considerable reduction in 

nightlight change from 2005 to 2006 during the year of the earthquake. On the contrary, the 

nighttime grew faster within the affected communities but had a statistically insignificant effect. 

During the reconstruction period, the affected communities have about 0.7 percent more 

nighttime light growth than the unaffected communities. It is about 32% above the average 

growth rate from 2000 to 2013 among all studied communities. Lastly, after the reconstruction 

was finished in 2009, the nighttime light increased by 1.36 percentage more in the affected 

communities with each standard deviation in intensity, equating to a 56.9% increase in sample 

average. 

 
15 As I record the change of the nighttime light, year 2000 is dropped due to no comparison between 1999 to 2000. 
Moreover, year 2001 is the base year for comparison, which is dropped from the regression.  
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 As I use the change of DN to evaluate the economic activity change, the change of DN 

would not have reflected the economic growth if a community had reached the maximum 

luminosity at DN of 63. Therefore, the second column excludes those communities that reached 

the maximize ND during any time of the study period. After dropping any communities that have 

reached maximized DN, the result shows the same effect regardless. Looking at either 

measurement, my results indicate the affected communities achieved sustained economic growth 

after the earthquake. This result supports the claim: the earthquake could have changed the track 

of economic development within the affected communities and provided a much more robust 

growth in the affected area in the long term, reducing the incidence of waterborne diseases 

symptoms and improving the living environment.  

 However, I cannot identify the causal relationship between economic growth and the 

incidence of waterborne diseases and accessibility to better living environment factors. On the 

one hand, it could be true that the improved individual health from a lower incidence of 

waterborne diseases enhanced human capital, resulting in better growth of the local economy 

(Bloom et al., 2004). On the other hand, the earthquake could have fueled economic growth and 

benefited regional development, lowering waterborne diseases and improving the living 

environment. A more advanced study is needed to determine the actual causal relationship 

between health and economic development.  

[Table 7 Insert Here] 

5. Migration and Ever-mover  

 Until now, I have only considered never-movers. However, households and individuals 

could decide to move after the onset of natural disasters. This migration decision could affect 

their incidences of contracting diseases and impact the living environment change. This section 

studies the migration decision and ever-movers in the sample to better understand if individuals 

decide to move after the earthquake, which affects their health conditions and living 

environment.  

5.1 Migration  

 After natural disasters, migration and relocations programs are common. Reconstruction 

or natural disaster mitigation programs move the affected individuals to a safer location for 
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temporary living, preventing the disease outbreak by avoiding exposure to potential risks (Jafari 

et al., 2011). However, Java Reconstruction Fund employs a community-centered program, 

providing temporary houses near their original residential location to affected individuals. In this 

case, relocation or temporary housing should not have involved their migration decision or 

forced the households to migrate to a new place after the earthquake. I followed Brown and 

Velásquez (2017) and constructed a household fixed effect model of studying migration 

decisions one year and eight years after the earthquake. IFLS reports household migration history 

between waves at the community level. However, no information records if the household 

moved after the earthquake or before the earthquake between IFLS3 and IFLS4, and no data 

provide information on their moving destination.  For simplicity, I assume that all migration 

between IFLS3 and IFLS4 happened after the earthquake. I explore the migration decision based 

on the MMI intensity by tracking the household overtime from IFLS3 to IFLS4 and IFLS3 to 

IFLS5. The estimation specification is demonstrated as following:  

𝑌𝑌ℎ𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑀𝑀ℎ𝑖𝑖𝑖𝑖 + 𝜃𝜃ℎ + 𝜗𝜗𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖 

If a household moved to a new community after IFLS3, I count them as ever-mover in IFLS4, 

causing Yhcs to be equal to 1 in both IFLS4.  If they did not move between IFLS3 and IFLS4 

but moved between IFLS4 and IFLS5, Yhcs equals to 0 in IFLS4 and 1 in IFLS5. I dropped 

those moved between IFLS3 and IFLS4 from the sample when studying migration decisions 

between IFLS3 and IFLS5 as they have already moved between IFLS3 and IFLS4. Mhcs is the 

time-invariant earthquake intensity in 2006.  θh is the household fixed effect, ϑs is the survey 

wave fixed effect, and εisc is the error term.  

 Table 8 summarizes the results for the migration decision of the households. The results 

show that, between IFLS3 and IFLS4, with each standard deviation increase in the MMI, the 

household likelihood to move to another community increases by 0.039 percentage points with 

a precise estimation, counting about a 60% increase in the sample average. However, the result 

for IFLS3 and IFLS5 is different. Those who did not move immediately afte rthe earthquake 

are very unlikely to move to other communities eight years after the earthquake as the 

earthquake intensity failed to predict the probability of the household moving eight years after 

the earthquake.  

[Table 8 Insert Here] 
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5.2 Disease Incidence and Living Environment of ever-movers 

 Given that higher earthquake intensity correlates with a higher probability of moving, 

would those individuals or households who moved have a different experience in disease 

incidences and different living environment factor changes compared to those who have never 

moved? Table 9 summarizes the health status, waterborne disease index, and non-waterborne 

disease index changes after the earthquake for ever-movers. Similar to the never-movers, ever-

movers benifited from health conditions improvement in the short-term but diminish to an 

insignificant level in the long term. Moreover, the magnitude of the health status improvement is 

higher for ever-movers than never-movers, indicating that ever-movers experience better health 

improvement than never-movers in the short run. The waterborne disease index did not change in 

the short term but decreased significantly in the long term. Although the long-term effect is 

similar to the never-movers, the beneficial impact of ever-movers is less than the never-movers.  

However, the non-waterborne disease index shows an opposite result: the index decreases 

significantly in the short-term and long term, and the magnitude is more prominent than never-

movers. 

 Interestingly, the incidence of diarrhea increased by 0.027 percentage points with each 

unit standard deviation of intensity increment in the short-term for ever-movers. In other words, 

households who decided to move might suffer from a higher likelihood of contracting diarrhea 

and face a more considerable health status drop. Table 9 shows that ever-mover households have 

access to a higher level of safe use water in the short term. Still, a significant reduction in the 

likelihood of accessing water inside the house in the long-term with the environment index did 

not change both in the short and long-term. Therefore, migration might not result in a positive 

impact on those who moved after the earthquake.  

[Table 9 Insert Here] 

[Table 10 Insert Here] 
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6. Threats to Identification Assumption and Robustness Check 

6.1 Threats to Validity 

 The Inferential assumption of this study is that trends in the disease symptoms across 

individuals and accessibility to the safe environment across households would have been the 

same in communities with high earthquake intensity and communities with low earthquake 

intensity had the earthquake not happened. Thus, the primary threat to my empirical strategy 

providing causal identification is that individuals and households had already experienced 

different level trends in disease incidences and accessibility to safe living environments before 

the earthquake. To verify if the effect being estimated in the main analysis is biased by 

unobserved linear trends correlated with the earthquake's intensity, I estimate the same 

estimation of the main analysis by using data one wave before the earthquake. Precisely, I 

followed the same procedure but replaced the comparison wave with IFLS2 from 1997. By 

comparing changes between 1997 (IFLS2) and 2000 (IFLS3) and assigning the earthquake 

intensity levels to these observations in the same communities, I can explore if those changes or 

different trends had already happened before the earthquake. Suppose that the changes in 

diseases incidence and accessibility to a safe environment were not a result of underlying linear 

trends with earthquake intensity, I should not observe a significant effect as the earthquake 

intensity should not predict an apparent change from IFLS2 to IFLS3.  

 Tables 11 and 12 summarize the placebo test analysis. Firstly, the intensity does not 

predict any significant change in the waterborne disease symptom index, and no significant 

effect was observed for any specific symptoms. Although intensity cannot explain any non-

waterborne individual symptoms change, the earthquake intensity decreased the non-waterborne 

symptoms index. As for the environment change, the high intensity area household had already 

accessed the safe sewage system before the earthquake, questioning if the earthquake improved 

the sewage system or the high intensity area had already accessed the better sewage system 

before the earthquake. Nevertheless, this placebo test strengthens the result from my main 

analysis: the earthquake reduced the incidence of waterborne diseases and increased the 

accessibility to the pipeline water after the earthquake.  

 This test also shows that the high intensity area had already experienced a reduction in 

non-waterborne diseases compared to other areas. But the earthquake diminished this effect to an 
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insignificant level during the reconstruction period. Therefore, the earthquake might have 

disrupted the individuals living within the high intensity area and made them more susceptible to 

non-waterborne diseases one year after the earthquake. But the non-waterborne disease condition 

recovered back to the before earthquake level eight years after the earthquake.  

[Table 11 Insert Here] 

[Table 12 Insert Here] 

6.2 Choices of Diseases Definition  

 I defined waterborne diseases as diseases that transmit through water and I exclude 

headaches and fever as part of the waterborne disease symptoms. However, since waterborne 

infection could also lead to fever and headache, the primary definition of waterborne diseases 

could bias the result. As part of the robustness check, I include headache and fever as the 

symptoms of waterborne diseases and define cough, running nose, and toothache as the actual 

non-waterborne diseases. Table 13 summarizes the results based on the new definition. The new 

definition result shows that higher earthquake intensity leads to a significant drop in waterborne 

diseases symptoms both one year and eight years after the earthquake. Still, the earthquake had a 

beneficial effect on non-waterborne diseases eight years after the earthquake. Therefore, 

including fever and headache as waterborne diseases or non-waterborne diseases does not change 

the result.  

[Table 13 Insert Here] 

7. Discussion   

7.1 The Earthquake Effect and Reconstruction  

 Based on the result, I find evidence that the earthquake significantly reduced the 

incidences of waterborne disease in the short-term and long-term, and access to safe drinking 

water increased, even if the living environment, in general, did not improve. Those results lead to 

a different conclusion compared to other literature on natural disasters and water safety. One 

possible explanation is the successful and robust reconstruction program implemented right after 

the earthquake. Unlike most other natural disasters in developing countries, the 2006 Yogyakarta 

earthquake had one of the most generous international assistance. On top of that, the local 
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government organized fast and efficient after-disasters assistance and reconstruction programs in 

the affected area (Java Reconstruction Fund, 2007). One of the most critical responsibilities of 

the reconstruction program is to restore safe water and provide a secure sewage system to 

decrease the spreading of waterborne diseases.  For this earthquake, the estimated direct damage 

is about USD3.1 billion dollars, and the USD94.06 million dollars were distributed to the 

affected area for facilities reconstruction financial assistance (World Bank, 2012). The 

compensation is about 30%, about 20% more than other average relief and reconstruction 

programs in developing countries (Freeman, et al. 2002). One of the reconstruction priorities is 

to repair the water supply and sewage system, provide safe water, and improve the living 

environment after the earthquake. Therefore, the successful reconstruction program could 

explain why waterborne diseases and some aspects of the living environment improved after the 

earthquake. Additionally, as the reconstruction project created working opportunities and helped 

the affected individuals and households with loans and financial assistance, it might have helped 

the local economies to grow faster than unaffected communities and explained the fueled 

economic growth after the earthquake (Java Reconstruction Fund, 2007).  

 However, there is no spatial data that records the distribution of the reconstruction funds 

and resources, which does not allow me to study the actual effect of the reconstruction. 

Therefore, it calls for more advanced study on this topic and explores the impact of the 

reconstruction after natural disasters. In addition, if more empirical evidence on reconstruction 

and water safety could be found, it would provide direct evidence on the necessity of the 

reconstruction programs explicitly targeting water safety after natural disasters.  

7.2 Acute Infection and Health Condition  

 Although the symptoms of the waterborne disease decreased significantly both in the 

short-term and long-term and symptoms of non-waterborne diseases decreased in the long term, 

those beneficial effects from acute infection reduction are not enough to compensate for the 

negative impact from the earthquake. The individual health status decreased for those who did 

not move or move one year after the earthquake. Moreover, the health status did not improve 

even if waterborne and nonwaterborne disease symptoms decreased eight years after the 

earthquake. Therefore, my results show that even if the reconstruction project had helped lower 

the acute infections, such programs are not enough to promote better health conditions in the 
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affected area. Programs focusing on other aspects of the health conditions, such as reducing 

chronic diseases and providing medical services, are needed to improve the health status in the 

affected area. Moreover, had the reconstruction improved the living environment among 

households, it could have helped improve the health status among the affected individuals. 

Therefore, more effective designed reconstruction programs on the live environment after natural 

disasters might still be beneficial.    

7.3 Limitations and Improvements 

 One of the most significant weaknesses of this study is the lack of actual earthquake 

damage data at specific geographic locations. Although MMI is a standard indicator for 

earthquake damage, it does not accurately reflect the actual earthquake effect on individuals and 

households. With the development of remote sensing technology, aerial and satellite images of 

the affected areas might provide more accurate and direct information by detecting before and 

after the earthquake change. Therefore, using datasets like Landsat and other more satellite 

images could help identify the study area changes more accurately.  

 Moreover, I used the nighttime light to record the economic activities change in small 

geographic units as there is no accurate economics activities data such as regional GDP data 

available. However, as the nighttime light data has calibration issues and other measurement 

errors, including glare and moonlight reflection,  it is not accurate for economic activities in 

small geographic units. Landsat and other remote sensing data, including changing vegetation 

maps and Land Use and Land Cover, might provide a more accurate measure for small unit 

economic activities change.  

 However, as the correct-line sensor failed for Landsat during the earthquake period and 

the expensive cost for private satellite images, this study cannot implement those techniques for 

more accurate measurement of the earthquake.16 

8. Conclusion 

 
16 Landsat 7 ETM+ SLC-off data refers to all Landsat 7 images collected after May 31, 2003, when the Scan Line 
Corrector (SLC) failed. As a result, maps collected after that date have data gaps, leading to images that are missing 
approximately 22% of the normal scene area.  
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 What happens to water safety after a major earthquake, and would this earthquake result 

in more waterborne disease? Moreover, can the household living environment factors explain the 

change in waterborne diseases incidence? Finally, if those changes were sustained in the long 

term, what could explain the difference between the affected and non-affected communities? To 

provide an answer to those questions. I use the 2006 Yogyakarta Earthquake and its 

reconstruction as a natural experiment to study the effect of natural disasters and their 

reconstruction on water safety. Using data from different resources and implementing a 

different-in-different study design, I find that waterborne disease symptoms decreased 

significantly one year and eight years after the earthquake. At the same time, the affected 

household had access to more pipeline water one year after the earthquake, additionally with 

more inside water and septic tank toilets eight years after the earthquake. However, although the 

sewage system improved one year after the earthquake, the effect is not sustained in the long 

term. To further explore the changes in diseases incidence and accessibility to a better living 

environment in the long term, I verify if the earthquake changed the economic development in 

the affected communities. The nightlight change among affected communities suggests the 

economic development within the affected communities becomes faster than the unaffected 

communities in the long term. A more rapid economic growth might have explained the 

improved welfare of the affected individuals and households, or the improved health conditions 

from waterborne diseases could have resulted in faster economic growth.  

 Moreover, by comparing movers and non-movers after the earthquake, although moved 

households access to more pipeline water for use temporarily, they still face a higher reduction in 

health status right after the earthquake. On top of that, the likelihood of contracting waterborne 

diseases did not decrease, indicating that they could have had a lower chance of contracting 

waterborne diseases and access to a better living environment had they never moved. This result 

also indirectly shows that the reconstruction program might have effectively improved the water 

supply system in the earthquake-affected area since the welfare related to safe water did not 

increase for those who moved out of the original communities. Thus, if the reconstruction is 

compelling, moving after the natural disasters might not be a good choice for the affected 

individuals and households.  
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 Lastly, as there is no detailed spatial distribution of information on the assistance 

program, I cannot identify the causal relationship between reconstruction effect and earthquake 

intensity on my interests. However, the effective after earthquake reconstruction on water facility 

repair/rebuild, house repair, financial assistant to the local communities could explain research 

results. Thus, while the loss of life and lasting economic damage to the well-being of the affected 

individuals cannot be compensated, an effective reconstruction project could improve the well-

being of the individuals and fuel up the economic growth within the affected area. This research 

complements the current literature on natural disasters, water safety, reconstruction, and 

economic development. It explores the long-term effect of natural disasters on water safety using 

the economic perspective and proposes that a more advanced study on an extensive 

reconstruction program on water safety is needed.   
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Table & Figures  
 

Table 1: Communal Difference Between Study and Excluded Area  
 IFLS3 IFLS4 

 
Study 

Communities 
Exclude 

Communities 
Study 

Communities 
Exclude 

Communities 
Number of Health Posts  9.434 6.067 10.145 6.311 
Annual Health Stuff Visit 70.224 45.915 34.832 26.911 
If this community has slums 0.264 0.158 0.308 0.344 
If this community has smelly air 0.244 0.027 0.289 0.063 
If this community has exposed garbage 0.153 0.190 0.231 0.166 
If this community has exposed manure 0.061 0.209 0.100 0.181 
If this community has blocked water 0.258 0.291 0.269 0.299 
If this community has still water  0.120 0.300 0.147 0.370 
If this community has roaming cattle 0.854 0.719 0.828 0.728 
If this community cleans the yard 0.410 0.583 0.368 0.522 
If this community cares for grass 0.852 0.812 0.802 0.836 
If this community has flies near food 0.148 0.179 0.198 0.164 
The number of health posts indicates how many health posts are within the community and annual health stuff visit 
indicates how many health personnel travel to those posts per year. The rest of the nine community environment variables 
are observed by the interviewers during the survey.  
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Table 2: Summary Statistics  
  
  IFLS3 IFLS4 IFLS5 
Variables Obs Mean Std. Dev. Obs Mean Std. Dev. Obs Mean Std. Dev. 

Individual Level 
Age 8,399 26.282 17.846 6,050 35.792 18.707 4,973 44.82 18.79 
Intensity 8,399 2.8 0 6,050 3.723 1.389 4,973 3.73 1.39 
Headache 8,367 0.513 0.5 5,891 0.5 0.5 4,639 0.57 0.5 
Running Nose 8,367 0.534 0.499 5,891 0.397 0.489 4,643 0.43 0.5 
Cough 8,366 0.403 0.49 5,891 0.327 0.469 4,645 0.4 0.49 
Fever 8,367 0.266 0.442 5,891 0.183 0.387 4,644 0.2 0.4 
Stomach-ache 8,367 0.221 0.415 5,891 0.211 0.408 4,644 0.29 0.45 
Vomiting 8,366 0.104 0.306 5,891 0.097 0.296 4,645 0.14 0.34 
Diarrhea 8,367 0.098 0.298 5,891 0.068 0.251 4,642 0.1 0.29 
Skin Infection 8,367 0.101 0.301 5,891 0.078 0.268 4,645 0.15 0.36 
Eye infection 8,367 0.079 0.27 5,891 0.062 0.24 4,645 0.06 0.24 
Toothache 5,730 0.151 0.358 5,891 0.134 0.341 4,645 0.16 0.36 

Household Level 
Pipeline Water (Drinking) 2,657 0.242 0.429 2,598 0.214 0.41 2,486 0.202 0.401 
Water inside of House 2,385 0.483 0.5 2,174 0.642 0.479 2,008 0.785 0.411 
 Pipeline Water (Using) 2,657 0.155 0.362 2,598 0.185 0.388 2,486 0.23 0.421 
Septic Tank Toilet  2,657 0.493 0.5 2,598 0.684 0.465 2,486 0.778 0.416 
Flowing Sewage 2,657 0.527 0.499 2,598 0.619 0.486 2,486 0.578 0.494 
Trash can 2,657 0.301 0.459 2,598 0.345 0.475 2,486 0.394 0.489 
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Table 3: Incidence of the Waterborne Disease Symptoms among Never-movers 
  

Short-term Effect of the Earthquake on Waterborne Diseases (IFLS3 to IFLS4) 

  

Waterborne 
Disease Index  Stomachache Vomiting Diarrhea Skin Infection Eye Infection  

       
Intensity -0.142*** -0.00763 -0.00902* -0.00446 -0.00951* -0.0106*** 

 (0.0461) (0.00535) (0.00467) (0.00354) (0.00502) (0.00382) 
Observations 11,952 11,953 11,952 11,953 11,953 11,953 
R-squared 0.014 0.012 0.004 0.016 0.012 0.009 
Number of Individuals 6,107 6,107 6,107 6,107 6,107 6,107 
Mean of Y 0.128 0.209 0.0996 0.0822 0.0917 0.0716 
Age Control YES YES YES YES YES YES 
Fixed Effects YES YES YES YES YES YES 
Romano-Wolf  P-value N/A 0.693 0.238 0.990 0.208 0.119 

 
Long-term Effects of the Earthquake on Waterborne Diseases (IFLS3 to IFLS5) 

 
Waterborne 

Disease Index  Stomachache Vomiting Diarrhea Skin Infection Eye Infection  
       

Intensity -0.190*** -0.00722 -0.0138*** -0.00581 -0.0213*** -0.0116*** 
 (0.0464) (0.00770) (0.00499) (0.00520) (0.00522) (0.00392) 

Observations 9,610 9,613 9,614 9,611 9,614 9,614 
R-squared 0.020 0.043 0.012 0.011 0.019 0.023 
Number of Individuals 4,991 4,991 4,991 4,991 4,991 4,991 
Mean of Y 0.0388 0.241 0.120 0.0965 0.128 0.0715 
Age Control YES YES YES YES YES YES 
Fixed Effects YES YES YES YES YES YES 
Romano-Wolf  P-value N/A 0.6238 0.1287 0.6238 0.0099 0.0198 
Robust standard errors are clustered at the community level. All estimations include age controls, the interview month fixed effect, the individual fixed 
effect, and the survey wave fixed effect. Age controls include age and age square to record linear and nonlinear effects on disease incidence from age. 
Survey Wave FE controls the difference in response to the incidence of the diseases across waves. Interview Month FE and Individual FE capture the 
unobservable characters that would affect the incidence of the symptoms due to the monthly and individual characteristics. Roman-Wolf  P-value is based on 
Romano-Wolf Step-Down adjusted P-Values calculation, which provides a conservative estimation on hypothesis test on multiple outcomes.  
*** p<0.01, ** p<0.05, * p<0.1 
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Table 4: Incidence of the Nonwaterborne Disease Symptoms among Never-movers 
 

Short-term Effect of the Earthquake on Non-Water Related Diseases (IFLS3 to IFLS4)  

 Non-waterborne 
Disease Index  Headache Running Nose Cough Fever Toothache  

Intensity -0.0833 -0.00282 -0.00409 -0.00522 -0.00232 -0.0125**  
 (0.0631) (0.00911) (0.0114) (0.00938) (0.00523) (0.00479)  

Observations 10,096 11,953 11,953 11,953 11,953 10,096  
R-squared 0.009 0.006 0.044 0.017 0.029 0.006  
Number of Individuals 6,046 6,107 6,107 6,107 6,107 6,046  
Age Controls YES YES YES YES YES YES  
Fixed Effects YES YES YES YES YES YES  
Mean of Y 0.150 0.504 0.464 0.365 0.220 0.144  
Romano-Wolf  P-value N/A 0.9901 0.9901 0.9901 0.9703 0.2277  

        
Long-term Effect of the Earthquake on Non-Water Related Diseases (IFLS3 to IFLS5)  

 Non-waterborne 
Disease Index  Headache Running Nose Cough Fever Toothache  

Intensity -0.130** -0.0190** -0.00487 -0.00775 -0.0101 -0.0264***  
 (0.0653) (0.00808) (0.00888) (0.00911) (0.00749) (0.00605)  

Observations 8,300 9,608 9,612 9,614 9,613 8,308  
R-squared 0.011 0.032 0.025 0.008 0.025 0.008  
Number of Individuals 4,879 4,991 4,991 4,991 4,991 4,881  
Age Controls YES YES YES YES YES YES  
Fixed Effects YES YES YES YES YES YES  
Mean of Y -0.0166 0.541 0.481 0.399 0.226 0.159  
Romano-Wolf  P-value N/A 0.2772 0.6733 0.4851 0.6733 0.0099  
Robust standard errors are clustered at the community level. All estimations include age controls, the interview month fixed effect, the indivudal fixed effect, 
and the survey wave fixed effect.  Age controls include age and age square to record linear and nonlinear effect on dieases incidenes from age. Survey Wave 
FE controls the difference in response to the incidence of the diseases across waves. Interview Month FE and Individual FE capture the unobservable 
characters that would affect the incidence of the symptoms due to the monthly and individual characteristics. Roman-Wolf  P-value is based on Romano-Wolf 
Step-Down adjusted P-Values calculation, which provides a conservetive estimiation on hypotheiss testing of multiple outcomes.  

 

*** p<0.01, ** p<0.05, * p<0.1  
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Table 5: Reported Health Status Change Among Never-movers  
  In 2007/2008  In 2014/2015  
 
Intensity -0.0201** -0.0133 
 (0.00830) (0.00866) 
Observations 11,953 9,616 
R-squared 0.008 0.036 
Number of Individuals 6,107 4,991 
Age Controls YES YES 
Fixed Effects YES YES 
Mean of Y 2.025 2.069 
Robust standard errors are clustered at the community level. The reported health condition has four levels: 
4 is very bad, 3 is bad, 2 is healthy, and 1 is very healthy.  Interview Age controls include age and age 
square.  Survey Wave FE controls the difference in response to the incidence of the diseases across waves. 
Interview Month FE and Individual FE capture the unobservable characters would affect the incidence of 
the symptoms due to the monthly and individual characters.Ordered Probit regression provides similar 
results as the OLS.  
 *** p<0.01, ** p<0.05, * p<0.1 
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Table 6: Accessibility to Safe Environment Among Never-movers 
 

Short-term Effect of The Earthquake on Access to Safe Environment 

 
Environment 

Index 
Safe Drinking 

Water 
Water Inside 

House 
Safe Use 

Water 
Safe 

Toilet  
Safe 

Sewage 
Safe 

Garbage 
Intensity 0.0435 0.0154** -0.0190* -0.0144** -0.00694 0.0329** 0.0114 

 (0.0758) (0.00719) (0.0108) (0.00642) (0.00915) (0.0141) (0.0153) 
Observations 4,055 4,642 4,055 4,642 4,642 4,642 4,642 
R-squared 0.011 0.009 0.101 0.011 0.138 0.030 0.026 
Number of Household 2,222 2,339 2,222 2,339 2,339 2,339 2,339 
Fixed Effects YES YES YES YES YES YES YES 
Mean of Y 0.228 0.230 0.557 0.180 0.591 0.574 0.336 
Romano-Wolf  P-value N/A 0.6733 0.6733 0.6733 0.6733 0.5347 0.6733         

Long-term  Effect of The Earthquake on Access to Safe Environment  

 
Environment 

Index 
Safe Drinking 

Water 
Water Inside 

House 
Safe Use 

Water 
Safe 

Toilet  
Safe 

Sewage 
Safe 

Garbage 
Intensity 0.0358 0.0251** -0.00196 -0.0176* 0.0110 -0.00424 0.0108 

 (0.0857) (0.0112) (0.0137) (0.00973) (0.0130) (0.00980) (0.0195) 
Observations 3,799 4,399 3,799 4,399 4,399 4,399 4,399 
R-squared 0.045 0.011 0.281 0.041 0.233 0.009 0.084 
Number of Household 2,151 2,230 2,151 2,230 2,230 2,230 2,230 
Fixed Effects YES YES YES YES YES YES YES 
Mean of Y 0.346 0.228 0.626 0.205 0.632 0.546 0.354 
Romano-Wolf  P-value N/A 0.5149 0.8812 0.8317 0.8812 0.8614 0.8614 
Robust standard errors are clustered at the community level. All estimations include household fixed effect and survey wave fixed effect.  Survey Wave FE 
controls to the difference in response to the environment survey across survey waves. Household FE captures the unobservable characters that would affect the 
accessibility to the safe environment. Romano-Wolf  P-value provides a conservative estimation of hypothesis testing on multiple outcomes. 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 7: Nighttime Light Change and Economic Growth  

 

 
Annual Night-time Light 

Growth Rate 
Annual Night-time Light Growth 

Rate (Exclude DN=63) 
   

Pre-earthquake Period 
2002 to 2005 

-0.0180*** 
(0.0016) 

-0.0202*** 
(0.0019) 

Earthquake Period 
2006 

0.00273 
(0.0023) 

0.00293 
(0.0026) 

Reconstruction Period 
2007 to 2009 

0.00566*** 
(0.00165) 

0.00663*** 
(0.00194) 

After Reconstruction Period 
2010 to 2013 

0.00974*** 
(0.0016) 

0.0106*** 
(0.0019) 

Observations 1,846 1,391 
R-squared 0.105 0.115 

Number of commid00 142 107 
Fixed Effects YES YES 

Mean of Y 0.0238 0.0354 
Regression result on the left includes all communities, and results on the right exclude communities that reach 
maximized luminosity at any given period. Robust standard errors are clustered at the community level. Fixed 
effects include year fixed effect and community fixed effect. The year fixed effect captures the unobservable 
characters that could affect the community nighttime change over time. 
   

 

 

 

 

 

 

Table 8: The Effect of Earthquake on Household Migration Decision 
  

In 2007/2008 
 

In 2014/2015 
Intensity 0.0304*** 0.00372 

 (0.0113) (0.0027) 
Observations 5,287 4,881 
R-squared 0.105 0.012 
Number of Households 2,744 2,637 
Fixed Effects YES YES 
Mean of Y 0.0634 0.0040 
Note: Robust standard errors are clustered at the community level. If a household migrated to another community, 
they are counted as migrated after the earthquake. If someone migrated between IFLS3 and IFLS4, they are 
dropped out from the regression when estimating the migration decision between IFLS3 and IFLS5. Fixed effects 
include survey wave fixed effect and household fixed effect. Survey Wave FE controls the difference in migration 
decisions across waves. Household FE captures the time-invariant unobservable characters that would affect the 
migration decision.  
 *** p<0.01, ** p<0.05, * p<0.1 
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Table 9: Health and Disease Symptoms Among Ever-movers 
Short-term Effect of the Earthquake on Waterborne Diseases (IFLS3 to IFLS4) 

 Health Status Waterborne Disease 
Index  

Nonwaterborne Disease 
Index      

Intensity -0.0314* -0.0484 -0.256* 
 (0.0176) (0.108) (0.132) 

Observations 3,967 3,966 3,186 
R-squared 0.026 0.031 0.042 
Number of Individuals 2,607 2,607 2,274 
Age Controls YES YES YES 
Fixed Effects YES YES YES 
Mean of Y 2.013 0.167 0.195 

 

Long-Run Effects of the Earthquake on Waterborne Diseases (IFLS3 to IFLS5) 

 
Health Status Waterborne Disease 

Index  
Nonwaterborne Disease 

Index  
    

Intensity 0.0160 -0.159** -0.239* 
 (0.0127) (0.0757) (0.125) 

Observations 5,534 5,531 4,201 
R-squared 0.016 0.027 0.033 
Number of Individuals 3,712 3,711 3,018 
Age Controls YES YES YES 
Fixed Effects YES YES YES 
Mean of Y 2.019 0.172 0.187 
Note: Robust standard errors are clustered at the community level. Induvial symptoms are not reported. Unlike never-movers, 
the earthquake did not result in a large change of the disease symptoms for ever-movers. The exceptions are: the incidence of 
diarrhea increased by 0.0208 percentage points (P-value<0.1) with each unit of intensity in the short term. Eye infections 
decrease by 0.0127 percentage points (P-value<0.1) with each intensity unit in the long term. Toothache decreased 
significantly both in the short-term and long-term with the coefficient of -0.0368 (P-value <0.01) and -0.0251( P-value <0.05) 
with each unit of intensity. Interview Age controls include age and age square.  Survey Wave FE controls the difference in 
response to the incidence of the diseases across waves. Interview Month FE and Individual FE capture the unobservable 
characters that would affect the incidence of the symptoms due to the monthly and individual characteristics.  
*** p<0.01, ** p<0.05, * p<0.1 
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Table 10: Accessibility to Safe Environment Among Ever-movers 
 

Short-term Effect of The Earthquake on Access to Safe Environment 

 
Environment 

Index 
Safe Drinking 

Water 
Water Inside 

House 
Safe Use 

Water Safe Toilet  Safe 
Sewage 

Safe 
Garbage 

Intensity -0.418 0.0487 -0.429 0.146* 0.00216 0.0955 0.0488 
 (0.820) (0.131) (0.275) (0.0796) (0.0767) (0.139) (0.0757) 

Observations 401 496 401 496 496 496 496 
R-squared 0.072 0.002 0.191 0.061 0.092 0.046 0.045 
Number of HID 244 283 244 283 283 283 283 
Fixed Effects YES YES YES YES YES YES YES 
Mean of Y -1.037 0.171 0.574 0.0645 0.536 0.532 0.125 

        
Long-term Effect of The Earthquake on Access to Safe Environment  

 
Environment 

Index 
Safe Drinking 

Water 
Water Inside 

House 
Safe Use 

Water Safe Toilet  Safe 
Sewage 

Safe 
Garbage 

Intensity -0.610 0.0255 -0.203*** 0.0292 -0.109 -0.120 0.0354 
 (0.439) (0.0331) (0.0725) (0.0273) (0.102) (0.0812) (0.0508) 

Observations 432 561 432 561 561 561 561 
R-squared 0.096 0.025 0.239 0.008 0.267 0.090 0.147 
Number of HID 277 326 277 326 326 326 326 
Fixed Effects YES YES YES YES YES YES YES 
Mean of Y -0.745 0.148 0.595 0.0856 0.620 0.549 0.196 
Note: robust standard errors are clustered at the community level. Fixed ffect include survey wave fixed effect and househild fixed effect.  Survey Wave 
FE controls to difference in response to the environment survey across survey waves. Household FE captures the unobservable characters would affect 
the accessibility to safe environment based on different households.  
*** p<0.01, ** p<0.05, * p<0.1  
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Table 11: Threats to Inferential Validity (Compare IFLS2 with IFLS3)  
  

Placebo Test on Waterborne Diseases (IFLS2 to IFLS3) 
 Waterborne 

Disease Index  Stomach Vomiting Diarrhea Skin Infection Eye Infection  
       

Intensity 0.0257 -0.00201 0.00185 0.000943 0.00280 0.00272 
 (0.0291) (0.00300) (0.00225) (0.00206) (0.00185) (0.00261) 

Observations 12,815 12,819 12,818 12,817 12,820 12,820 
R-squared 0.003 0.007 0.003 0.004 0.005 0.003 
Number of Individuals 6,561 6,561 6,561 6,561 6,561 6,561 
Age Controls YES YES YES YES YES YES 
Fixed Effects YES YES YES YES YES YES 
Mean of Y 0.204 0.214 0.0980 0.0917 0.0981 0.0844 
Romano-Wolf  P-value N/A 0.8416 0.8416 0.7921 0.6436 0.6436 

 
Placebo Test on Non-waterborne Diseases  (IFLS2 to IFLS3) 

 
Non-waterborne 
Disease Index  Headache Running Nose Cough Fever Toothache 

       
Intensity -0.0245** -0.00352 -0.00232 0.00256 0.00311 -0.00162 

 (0.00944) (0.00435) (0.00379) (0.00490) (0.00379) (0.00110) 
Observations 11,101 12,819 12,819 12,819 12,819 11,104 
R-squared 0.013 0.009 0.001 0.002 0.004 0.017 
Number of Individuals 6,551 6,561 6,561 6,561 6,561 6,553 
Age Controls YES YES YES YES YES YES 
Fixed Effects YES YES YES YES YES YES 
Mean of Y 0.182 0.511 0.512 0.382 0.248 0.126 
Romano-Wolf  P-value N/A 0.8416 0.8416 0.8416 0.8416 0.8119 
Note: Robust standard errors are clustered at the community level. Interview Age controls include age and age square. Fixed effects include individual fixed effect, survey wave 
fixed effect, and interview month fixed effect. Survey Wave FE controls the difference in response to the incidence of the diseases across waves. Interview Month FE and 
Individual FE capture the unobservable characters that would affect the incidence of the symptoms due to the monthly and individual characteristics. 
 *** p<0.01, ** p<0.05, * p<0.1  
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Table 12: Threats to Inferential Validity (Compare IFLS2 with IFLS3) 
 

Placebo Test on the Living environment (IFLS2 to IFLS3) 

 
Environment 

Index 
Safe Drinking 

Water 
Water Inside 

House 
Safe Use 

Water 
Safe 

Toilet  
Safe 

Sewage 
Safe 

Garbage 
Intensity 0.0504 -0.00515 -0.00284 0.00306 0.00881 0.0172** -0.00548 

 (0.0416) (0.00528) (0.00820) (0.00545) (0.00633) (0.00844) (0.00655) 
Observations 4,227 4,711 4,228 4,710 4,711 4,711 4,711 
R-squared 0.008 0.006 0.017 0.003 0.001 0.009 0.008 
Number of HID 2,426 2,595 2,426 2,595 2,595 2,595 2,595 
Fixed Effects YES YES YES YES YES YES YES 
Mean of Y 0.123 0.234 0.449 0.152 0.486 0.506 0.294 
Romano-Wolf  P-value N/A 0.8713 0.9109 0.8713 0.8515 0.7525 0.8713 
Note: Robust standard errors are clustered at the community level. Fixed effects include household fixed effect and survey wave fixed effect. Survey Wave FE 
controls the difference in response to the environment survey across survey waves. Household FE captures the unobservable characters that would affect the 
accessibility to a safe environment in different households.  
*** p<0.01, ** p<0.05, * p<0.1 
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Table 13: Different Definition of Waterborne Disease   
Short-term Effect of the Earthquake  

 Waterborne Disease Index  Nonwaterborne Disease Index  
Intensity -0.157** -0.0492 

 (0.0607) (0.0455) 
Observations 11,952 10,096 
R-squared 0.014 0.006 
Number of Individuals 6,107 6,046 
Age Controls YES YES 
Fixed Effects  YES YES 
Mean of Y 0.156 0.125 

 

Long-term  Effects of the Earthquake  
 Waterborne Disease Index  Nonwaterborne Disease Index  

Intensity -0.256*** -0.0733* 
 (0.0638) (0.0390) 

Observations 9,605 8,306 
R-squared 0.024 0.006 
Number of Individuals 4,991 4,881 
Age Controls YES YES 
Fixed Effects YES YES 
Mean of Y 0.0216 0.0156 
Note: Waterborne diseases now include fever and headache as they could be caused by waterborne infection. Non-
waterborne disease index includes only cough, running nose, and toothache. Robust standard errors are clustered at 
the community level. Age controls include age and age square. Fixed effects include interview month fixed effect, individual 
fixed effect, and survey wave fixed effect. Interview Survey Wave FE controls the difference in response to the incidence of 
the diseases across waves. Interview Month FE and Individual FE capture the unobservable characters that would affect the 
incidence of the symptoms due to the monthly and individual characteristics. 
*** p<0.01, ** p<0.05, * p<0.1 
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Figure 1 Earthquakes Happened Onshare on Indonisia from 1980 to 2015 

 

Figure 2 The 2006 Yogykrata Earthquake Modified Mercalli Intensity  
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Figure 3 Communities Located Within 50 Kilometers of The Major City in 2000 
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Figure 4: Nighttime Light in 2004, 2006, 2008, and 2013 (NOAA, 2021)  
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Appendix A Variables Definition  

In this section, I record the data cleaning process and the definition of the variables for this 

paper. This study has three layers of variables: personal level, household level, and communal 

level variables.  

Indivudal Level Variables 

Acute Symptoms Incidences  

 At the individual level, my primary outcome variables are the incidence of acute 

symptoms. I define the disease variables equaling to 1 if the incidence of the diseases happened 

during the past four weeks by the time of the survey, and 0 otherwise. Although 15 different 

acute symptoms are reported in IFLS, I only record ten different acute symptoms as joint pain 

reported twice in the adult book, and the children's book does not contain certain variables. 18 

The five waterborne disease symptoms are stomachache, nausea/vomiting, diarrhea, skin 

infection, and eye infection. And five none waterborne symptoms are headache, fever, toothache, 

cough, and running nose.  

Other Personal Variables  

 To control the personal difference that could have affected the incidences of the diseases, 

I added a vector of personal level control variables. Age: The age of the individual age at the 

time of the survey measured in years. Age Square: The square of the individual age at the time 

of the survey is used to measure the nonlinear relationship between age and incidence of the 

diseases. Interview Month: It records what month the interview happened. It controls the 

unobservable heterogeneity that changes over time within a year and affects the incidences of the 

diseases. General Health: It records four-level reported health conditions of each individual: 1 is 

very healthy, 2 is somewhat healthy, 3 is somewhat unhealthy, and 4 is unhealthy.   

 

 
18 The 15 acute diseases are headache, runny nose, cough, difficult breathing, fever, stomachache, vomiting, 
diarrhea, painful or swollen joints, skin infection, eye infection, Toothache, painful or swollen joints, 
ear/nose/throat, kidney, heart/blood pressure, would/injury.  
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Household Level Variables 

To explore why the reported health condition and incidence of waterborne diseases have 

changed, I create a vector of variables to track the accessibility to a safe environment factor in 

the household. First, IFLS asks the head of the household their primary water source for 

drinking and using. Ten possible answers are provided: aqua/air mineral, pipe water, well/pump 

(electric, hand), well water, spring water, rainwater, river/creek water, pond/fishpond, water 

collection basin, and others. Then, to define safe water access, I create an indicator that equals 1 

if the household has access to pipe water and zero otherwise for drinking or using.  Moreover, if 

a household has a water resource inside the house, the water inside of the house equals 1, and 0 

otherwise. Three other variables are created to track the general living environment that could 

affect water safety. Toilet: It records if the household uses its toilet with a septic tank, and this 

variable helps track if the household has access to a safe and clean toilet environment. It equals 1 

if the household can access to own toilet with a septic tank and 0 otherwise. Sewage: Unsafe or 

unprocessed wastewater could result in water pollution and lead to waterborne diseases. 

Garbage: Like sewage, unsafely disposed waste could also result in water pollution and 

waterborne diseases. Thus, those two variables are used to control the household habits by the 

survey time, which equals 1 if the household uses flowing sewage or disposes in the trash can 

and 0 otherwise.  

Community Level Variables 

Earthquake Intensity Data  

The earthquake's intensity is based on the Modified Mercalli Intensity (MMI) from the US 

Geological Survey (USGS), which estimates the overall impact of the earthquake. It gives a scale 

from I to XII, presenting an overall earthquake impact of the affected area. To link the 

earthquake intensity with the community, I use the supplement data from IFLS, which gives the 

exact GPS location of the community centers. By using ArcGIS-Pro, I can spatially link the 

communities with the earthquake intensity by GPS location. 

Nighttime Light  

Nighttime light is obtained on an annual average at a specific location on the map. It records the 

average annual luminosity of a specific location by excluding special conditions such as glare, 
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aurora, moonlight, wildfire, etc. Although it is commonly used to measure regional development, 

it also suffers from calibration issues and overprocessing natural light reflection.  
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Appendix C: Supporting Materials  
 

A.1 Stepdown Multiple Hypothesis Test  

 When considering multiple hypothesis tests simultaneously, standard statistical 

techniques could over-rejection null hypotheses. Therefore, I calculate the stepdown adjusted p-

values to correct the multiple hypothesis testing by following Romano and Wolf (2005). By 

setting a list of binary decisions concerning the individual null hypotheses as whole, this 

procedure helps to construct a better statistical estimation by using stepwise multiple testing 

procedure that asymptotically controls the familywise error rate. This procedure rejects more 

false hypotheses and captures the joint dependence structure of the test statistics, improving the 

ability to detect false hypotheses with different outcomes. Table 10 presents Romano-Wolf 

multiple hypothesis correction results. As this procedure considers the probability of rejecting at 

least one true null hypothesis in a family of hypotheses under the test, the overall results are 

more conservative than the original results. Only the incidences of skin, eye, and toothache 

significantly decreased in the long-term, and no other effect showed statistically significant 

change after the earthquake. Although a less substantial impact is observed, this conservative 

procedure provides similar results as before.  

[TABLE A1 Insert Here] 

[TABLE A2 Insert Here] 
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Table A.1: Romano-Wolf Step-Down Adjusted P-Values 
  IFL3 and IFLS4 IFL3 and IFLS5 

Waterborne Uncorrected  Resample  Roman-Wolf Uncorrected  
P-value 

Resample  
P-value 

Roman-Wolf  
P-value  Diseases P-value P-value  P-value 

Stomach 0.3661 0.5248 0.6931 0.2862 0.4653 0.6238 
Vomiting 0.0486 0.1485 0.2376 0.0087 0.0396 0.1287 
Diarrhea 0.9576 0.9901 0.9901 0.2634 0.4356 0.6238 

Skin Infection 0.0071 0.1188 0.2079 0.0000 0.0099 0.0099 
Eye Infection 0.0013 0.0198 0.1188 0.0001 0.0099 0.0198 

  
IFL3 and IFLS4 

 
IFL3 and IFLS5 

Non-waterborne 
Diseases 

Uncorrected 
 P-value 

Resample  
P-value 

Roman-Wolf Uncorrected  Resample  Roman-Wolf  
P-value P-value P-value  P-value 

Headache 0.772 0.8911 0.9901 0.0225 0.1089 0.2772 
Running Nose 0.7344 0.9109 0.9901 0.3326 0.505 0.6733 

Cough 0.7303 0.8416 0.9901 0.1241 0.2376 0.4851 
Fever 0.4302 0.4653 0.9703 0.2980 0.4059 0.6733 

Toothache 0.0038 0.0099 0.2277 0.0000 0.0099 0.0099 

 

  
IFL3 and IFLS5 IFL3 and IFLS4 

Living Environment Uncorrected  
P-value 

Resample  
P-value 

Roman-Wolf  
P-value 

Uncorrected  
P-value 

Resample  
P-value 

Roman-Wolf   
P-value 

Safe Drinking Water 0.0074 0.1089 0.6733 0.0001 0.0891 0.5149 
Water Inside House 0.0104 0.1089 0.6733 0.6731 0.8416 0.8812 

Safe Use Water 0.0086 0.0792 0.6733 0.0213 0.2475 0.8317 
Safe Toilet 0.4748 0.505 0.6733 0.3382 0.6832 0.8812 

Safe Sewage 0.0003 0.0396 0.5347 0.2329 0.3762 0.8614 
Safe Garbage 0.0181 0.6238 0.6733 0.0757 0.6733 0.8614 

Note: The diseases incidence regression includes intensity, age, age square, the survey wave fixed effect, the interview month fixed effect, the individual 
fixed effect, and the standard errors are clustered at the community level. The number of resampling is 100, and the result is obtained through Stata command 
rwolf.  
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Table A.2: Romano-Wolf Step-Down Adjusted P-Values 
 IFL2 and IFLS3 

Waterborne Uncorrected  Resample  Roman-Wolf 
 Diseases P-value P-value  P-value 
Stomach 0.7353 0.7624 0.8416 
Vomiting 0.4815 0.6139 0.8416 
Diarrhea 0.3458 0.4158 0.7921 

Skin Infection 0.1275 0.2673 0.6436 
Eye Infection 0.1635 0.2772 0.6436 

    
IFL2 and IFLS3 

Non-waterborne 
Diseases 

Uncorrected Resample  Roman-Wolf 
 P-value P-value P-value 

Headache 0.2281 0.4257 0.8416 
Running Nose 0.4178 0.5644 0.8416 

Cough 0.5523 0.7129 0.8416 
Fever 0.2496 0.4653 0.8416 

Toothache 0.1432 0.2079 0.8119 

  
  

IFL2 and IFLS3 

Living Environment Uncorrected  Resample  Roman-Wolf  
P-value P-value P-value 

Safe Drinking Water 0.3548 0.495 0.8713 
Water Inside House 0.858 0.9109 0.9109 

Safe Use Water 0.4496 0.4455 0.8713 
Safe Toilet 0.1587 0.198 0.8515 

Safe Sewage 0.0955 0.2574 0.7525 
Safe Garbage 0.2264 0.5347 0.8713 

Note: The diseases incidence regression includes intensity, age, age square, the survey wave fixed effect, the 
interview month fixed effect, the individual fixed effect, and the standard errors are clustered at the 
community level. The Number of resampling is 100, and the result is obtained through Stata command 
rwolf.  

 

 


	References
	Appendix C: Supporting Materials

