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This dissertation explores the economic effects of the 1998 massive coral bleaching on Indone-
sian households. The first chapter explores the effects on income and labor-related outcomes
among fishery households. Results suggest a 27 % reduction in income in the short run as
well as a short-run increase in migration, and long-run changes in labor supply. Given the
income shock and the shock to the fish resource, effects on various consumption categories
among the fishery group were investigated in the second chapter. Finally, the third chapter
discusses how the effects observed among the fishery households spill over to other households

in the economy.
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Chapter 1

LONG-LASTING INCOME SHOCKS AND LABOR-RELATED
ADAPTATIONS AMONG FISHERY HOUSEHOLDS

Abstract

This chapter explores how people adapt after a climate shock, coral bleaching, that has
long-lasting impacts on income. Coral bleaching, which is mainly caused by abnormally high
sea surface temperature, has significant effects on fish and other marine life. Using panel
data from Indonesia and exogenous variation in bleaching, I find that fishery households
in coral bleaching areas experienced a fall in income relative to other households. Affected
households were also more likely to migrate in the short run. In the medium to long run,

they tended to increase their labor supply, take second jobs, and switch to another industry.

1.1 Introduction

The world climate has been changing with the expectation that the temperature will con-
tinue to rise for the coming centuries. Climate change could lead to long-term changes in
agricultural output.’ Equally important but much less studied are the potential negative
impacts of rising sea temperatures. With 61% of the world GNP coming from coastal areas?
and 16.7% of global animal protein consumption coming from fish [FAO, 2014], these impacts
can be substantial.

This chapter explores the relationship between climate change, income shock, and adap-
tation mechanisms, with an emphasis on the ocean. In particular, I investigate how labor
market outcomes and consumption change as households experience a fall in income due to
coral bleaching. Coral bleaching is a natural phenomenon where coral reefs are weakened

due to abnormally high sea surface temperature (SST). Coral reefs are a habitat and a food

IFor instance, Schlenker et al. [2006] found a large negative impact of climate change on U.S. farm land
values using a hedonic approach, and Deschénes and Greenstone [2012] found that the effect of climate
change on U.S. agricultural profit can range from negative to statistically insignificant. Dell et al. [2014]
comprehensively discuss this literature.

2Coastal areas here are defined as those within 100 kilometers of the coastline [UNEP, 2006].



source for many species, so coral bleaching can lead to an income shock to people who make
their livelihoods out of the ocean. This income shock can persist for many years because
marine resources take time to recover.

I develop a simple theoretical framework to guide the empirical study. The model is a
variation of an agricultural household model where a household jointly engages in fishery
production and consumption. This framework suggests that labor-related adaptations after
a shock to the fish stock resource can differ between the short run and the long run. In
particular, the changes in migration and labor input in the fishery production are greater in
the short run than in the long run. Despite these adaptations, the household still experiences
a fall in fishery profit, and consumption declines with income.

I test the theoretical findings using panel data from the Indonesian Family Life Survey
(IFLS), which has been tracking a sample of Indonesian households since 1993. Identification
relies on the premise that coral bleaching is exogenous to household behavior. This should
be the case for the massive coral bleaching in 1998 which was mainly induced by El Nino,
a natural shift in the world tropical climate. With reported bleaching spots in some of
the IFLS provinces, the identification strategy compares fishery households that lived in
coral bleaching areas to non-fishery households in the same areas as well as to other fishery
households that lived outside of coral bleaching areas. In addition to the reported bleaching
spots, I also construct the SST measure based on remote sensing data and utilize it as another
proxy for coral bleaching. I then explore how the treatment effects vary over the years after
coral bleaching because adaptations can be different over time.

Two main results emerge. First, households that engaged in fishery in the coral bleaching
areas experienced a significant drop in income in 2000, two years after coral bleaching, but
not in 20073. Second, the affected households were more likely to migrate in the short run,
and more likely to switch to a new industry and increase their labor supply in the long run.
These adaptive mechanisms helped to bring the affected households” income back to a level
comparable to other households’ in 2007.

This paper is related to two main strands of literature. The first is the large literature on
the impacts of climate change on humans. Most of the past economic literature related to
climate change has dealt with the U.S. agricultural sector. A number of papers find negative
impacts of an increase in temperature on agricultural land values and agricultural profits in
the U.S., for example, Schlenker et al. [2006] and Deschénes and Greenstone [2012]. Such

3The IFLS is currently available for 1993, 1997, 2000, and 2007.



impacts tend to be large in developing countries due to both the severity of the climate
change, and the lack of adequate safety net and risk sharing mechanisms in these countries.
Nonetheless, the literature on climate change in the developing world is scarce. One of the
few studies is Taraz [2015] who investigates impacts of the long-term change in monsoon
pattern in India and finds that loss recovery is small despite agricultural adaptations such
as irrigation investments and crop mix adjustment. Another is Schlenker and Lobell [2010]
who find that an increase in temperature is associated with a decrease in crop yields in
Sub-Saharan Africa. This literature indicates that global warming could potentially cause
a long-term income loss in the agricultural sector. This paper also explores the impacts of
climate change in a developing country context and shows that the adverse impacts of climate
change are not limited to the agricultural sector. The fishery sector could also suffer from
an income loss as temperature rises. Furthermore, climate change might impose risks on
nutrition intakes, especially in vulnerable communities in developing countries. Consistent
with the findings in Taraz [2015], adaptations after climate change in this paper happened
mostly in the long run. However, the adaptations studied in this paper are labor-related

activities whereas those in Taraz [2015] are mostly technological.

Second, this paper contributes to the income shock literature. Most income shocks in the
economic literature are relatively short-term shocks such as a crop loss from a temporary
change in rainfall pattern [e.g. Wolpin, 1982, Paxson, 1993], or expected long-term shocks
such as a birth of a girl and an associated future dowry payment [Deolalikar and Rose, 1998|.
This paper offers a unique opportunity to investigate how economic agents adapt after a
long-lasting and unexpected fall in income. As the world climate changes, unexpected, large,
and long-lasting shocks are becoming more common. Understanding how people react to
this kind of income shocks is very crucial because these shocks may have larger impacts on
economic agents than short-term or anticipated shocks. In the existing literature, savings
and risk sharing mechanisms allow households to smooth consumption after a crop loss [e.g.
Paxson, 1993, Townsend, 1994]. Agricultural households also respond to the crop income loss
by increasing labor supply and labor force participation [Kochar, 1999, Rose, 2001]. Adap-
tation mechanisms in this paper are similar to those in this literature, but most adaptations
considered here happened years after the shock rather than within a couple of months or
years. This might be because the income shock from climate change is long-lasting and hard

to mitigate.

The rest of the paper is organized as follows. Section 2 provides details on coral bleaching



and the fishery sector in Indonesia. Section 3 outlines a theoretical framework for fishery,
consumption, labor supply, and migration. Section 4 discusses the empirical framework
including data and identification. Section 5 presents the empirical results. Section 6 suggests

some policy implications and concludes.

1.2 Background on Coral Bleaching and Fishery in Indonesia

Coral bleaching is a natural phenomenon by which coral reefs lose their colors due mainly
to abnormally high sea surface temperature (SST). As SST rises, corals expel the symbiotic
algae on which they feed [Brown, 1997]. Corals usually regain their colors in a few months
if they survive the bleaching process. However, if the temperature remains high for a long
period of time, corals usually die [Wilkinson and Hodgson, 1999, Hoegh-Guldberg, 1999]. In
this case, it will take many years for the reef to recover. New coral larvae or polyps must
settle into the old reef structure and regrow [Barnes and Hughes, 1999, Veron and Stafford-
Smith, 2000]. Corals usually grow at a rate between less than one inch to four inches per
year, depending on species [NOAA].

During the past few decades, massive coral bleaching events were reported in 1998 and
2010. As the impact of coral bleaching can be long-term, I focus on the 1998 bleaching. Coral
bleaching in 1998 was a result of severe El Nino. The SST anomaly spanned from the eastern
coast of Africa to as far as Japan and Australia during the first half of 1998. This resulted
in a number of reported bleaching spots in the Indian Ocean and the Pacific Ocean (see
Figure 1.1) [Goreau et al., 2000]. In Indonesia, there were reported bleaching spots in West
Sumatra, the south shore of Central Java, Bali and Lombok area, and Southern Sulawesi.
Coral mortality rates in the Indian Ocean ranged from 70-99%; this rate was estimated to
be around 50% in Bali area [Goreau et al., 2000]. Wilkinson [2000] estimated that 16% of
the world corals were lost during this bleaching event.

Coral mortality has a devastating effect on fish that depend on corals for food, habi-
tat, and recruitment [Pratchett et al., 2008]. Scientific studies find varying degrees of coral
bleaching impacts on fish stock depending on species and locations*. In general, coral de-

pletion leads to a rapid decline in abundance of coral reef species in the short to medium

4For example, Garpe et al. [2006] found that total abundance and taxonomic richness of species increased

right after coral bleaching in Tanzania, but both measures significantly declined below the initial level six
years after the bleaching. Booth and Beretta [2002] found a lower recruitment of fish at bleached southern
Great Barrier Reef sites relative to unbleached sites one year after the bleaching.



Figure 1.1: Reported coral bleaching spots in the Indian and western Pacific oceans in 1998
from Goreau et al. [2000]

Color codes: black = land; red spots = coral bleaching spots; yellow = oceans with SST anomaly (SST
> 1°C above mean ); blue and purple = oceans with high SST (SST between 0.4 — 1°C above mean)



run (up to three years after coral bleaching). In the long run, if corals fail to recover, fish
composition will change, and the overall abundance and diversity will decline [van Oppen
and Lough, 2008].

The evidence for coral and fish stock recovery after coral bleaching in 1998 is quite sparse.
This is because the event was the first one to be widely documented, so data for the pre-
bleaching period was limited. The existing literature suggests that damaged corals take at
least five years to recover provided that the reef is not permanently ruined [e.g. Graham et al.,
2007, Wilkinson and Hodgson, 1999]. Graham et al. [2007] studied the long-run impact of
the 1998 coral bleaching in Seychelles. They found that coral reefs did not fully recover by
2005, and that fish reproduction was minimal. A follow-up study in the same area in 2011
indicates that 11 out of 21 reef sites recovered while 9 sites were permanently ruined and
replaced by algae [Graham et al., 2015].

Coral bleaching can affect human through at least three channels. Firstly, bleached corals
are less attractive to tourists, so severe coral bleaching could cause an income shock to the
tourism sector. Secondly, coral bleaching may lead to an income shock to the fishery sector
as coral bleaching is associated with a reduction in both abundance and diversity of other
marine life over time. Finally, coral reefs are crucial to land preservation. More erosion is
expected once the reefs are weakened. This paper focuses on the impacts of coral bleaching
on the fishery sector in Indonesia.

Coral bleaching is expected to have large impacts on small-scale fishery households be-
cause small boats cannot travel to distant unaffected areas. Most of the Indonesian fishery
sector is considered small or medium scale, characterized by non-power or outboard-engine
boats. More than half of the fishing boats in coral bleaching areas are non-power and
outboard-engine. Except for Central Java and Bali, the majority of fishing boats in the
coral-bleaching areas were non-power in 2000. In Bali, where most of the fishery house-
holds in the IFLS live, around 40% of fishing boats were non-power and less than 5% were

inboard-engine [Statistics Indonesia].

1.3 Theoretical Framework for Consumption, Labor Supply, and Migration

In this section, I develop a theoretical framework to demonstrate how labor activities and
consumption change after an exogenous shock to fish stock resource. The model is based on
the agricultural household framework, in which a household engages in fishery production

and consumption. In its fishery production, the household cannot change the state variable



representing the fish stock, but it can migrate in search of better fishing conditions if it
wishes to. This theoretical framework implies that a household responds to a resource
endowment shock by increasing migration and total labor supply. In addition, consumption
changes in tandem with household income, and a decline in natural resource leads to a fall
in both income and consumption. The changes in labor market decisions and consumption
are generally larger in the short run than in the long run as the short-run migration gives

access to a healthy fish stock for a longer period of time.

1.3.1 Model Setup

The household maximizes their utility, u(Cy,[;), where C; represents consumption and I,
represents leisure, subject to a budget constraint. The household may engage in fishing, and
it can also supply labor to and hire extra labor from the labor market. Fishery production
requires two inputs: fish stock resource, and labor. The fish stock resource is a function of
initial fish endowment and migration, R(9, M;), where § denotes the initial fish stock and
M; denotes migration distance. The initial fish endowment is given and exogenous, but the
household can improve the fish stock resource in each period by migration. Labor input in
the fishery production function, L;, equals the sum of household’s labor allocated to fishery,
LPH "and hired-in labor, L{™. The fishery profit is then equal to fishery revenues minus costs
of migration and hired-in labor. Fish is the only consumption good in this model.

To illustrate that adaptations in the short run and the long run can be different, the
model contains two periods—immediately after the shock and the long run. The key difference
between the two periods is the marginal benefits of migration. Migration in the first period
can improve fish stock resource in both periods, but migration in the second period affects
only the second period fish stock.

Assume a log-linear utility function, then the household’s optimization problem can be

written as

max log C; + logl; + ¢(log Cy + log ls)
s.t. Cp + pCa + wy L™ + wy LA™
< F(Ly, R(6, My)) — mi My + pF(La, R(6, My, Ms)) — maoMsy + wy LY + wy L™
Ef = LFH L 1O st =1,2
L= LM+ L™t =1,2,



where LY denotes household labor supplied to the labor market, w; denotes wage in
period t, ¢ denotes a discount factor, and p denotes fish price in the long run relative to the
short run. F(+) is a fishery production function with two inputs: total fishery labor, L;, and
the coral reef resource, R(d, M;). If the household chooses to migrate, it will incur a cost
of m; per unit of migration distance. Finally, time endowment equals E*, so leisure and

household labor supplies to fishery production and labor market must sum to EL.

Fishery Production

The model assumes that a fishery household is endowed with an initial fish stock resource
and uses this resource as one factor of production. The household can improve the fish stock
it faces in each time period by migration. The second factor of production is labor, which is
a sum of the household’s labor and hired-in labor.

The fishery production function has the usual diminishing return assumption—output is
a concave function of labor and fish stock resource. The fish stock is a function of initial
resource condition at home and migration. Migration improves the fish stock in current and
future periods, but it cannot alter past resource conditions®. Additionally, an increase in fish
stock resource through either a better initial endowment or an increase in migration would

enhance the marginal product of labor. These characteristics are formulated in Assumption

1.
Assumption 1. The fishery production function satisfies following conditions:
1. Concavity: %QTLF: <0 and %%} <0y

OR>
7 OM>

OR>
7 OM;

2. Marginal product of migration: 3_1\12 >0 >0 > 0, and g—]\% = 0.

, , . O*Fy 02 F BQFt_H
3. Fish stock resource and marginal product of labor: o505 > 5 anon; > 0, and AL,
0

°It is assumed that migration always improves fish resource condition here. When migration may not
improve the resource, but the household knows the distribution of this possible improvement, all of the
main results hold. However, when p is low, labor inputs, migration, and fishery profit are lower in the case
with risk than in the case without.



The fishery production function, F'(-), is assumed to take the usual Cobb-Douglas func-
tional form. The fish stock resource in the first period is a function of initial resource, 9,
and first period migration, M;. In the second period, the resource function is a function
of the initial resource endowment and both periods’ migration, R(d, M, Ms). Rather than
modeling migration as a discrete choice between migrating and staying, I model migration as
continuous to reflect the spatial diffusion nature of the shock. In the case of weakened coral
reef, the further the migration distance, the better the coral resource. In a baseline model, I
impose a constant elasticity of substitution (CES) functional form on the resource functions
to allow for predictions on the relationship between the substitutability between the initial
fish resource and migration, and subsequent labor and consumption outcomes. The resource

functions can then be written as

Ry = (8 + M{)»,
Ry = (6" + M{ + M?5)».

=

1.3.2 Interior Solution

Figure 1.2 exhibits the theoretical findings based on the CES resource functions with different
values of p. All results indicate that a fall in initial fish resource leads to declines in fishery
labor inputs, fishery profit, and consumption; and an increase in total household labor supply.
The results on migration differs with p. A fall in initial resource endowment is associated
with drops in migration when p is small but increases in migration when p is large. In the
case where p is small, the marginal fish resource from an increase in migration substantially
decreases as the initial fish endowment declined®. In this case, it might not be optimal for
the household to migrate in response to the resource endowment shock as migration incurs
costs while there is no cost to the resource endowment. On the other hand, when p is large,
the marginal fish resource from an increase in migration only slightly declines as the initial
fish stock deteriorates. As a result, only a small increase in migration is required to alleviate
the effect of fish stock reduction compared to the case with small p. Thus, migration rises

when there is an initial fish endowment shock in this case. Empirical results presented in

6This corresponds to the low elasticity of substitution between the two factors. Note that the elasticity
of substitution here is loosely defined as the initial fish endowment is exogenous to household behaviors.
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the next section support the case of high substitutability between migration and initial fish
stock.

These findings also suggest different magnitudes of changes between the short run and the
long run. The short-run changes in migration, total household labor supply, and consumption
are always greater than the long-run changes. In contrast, the long-run change in fishery
labor input is greater than its short-run counterpart only in models with positive relationship
between migration and resource endowment. These time differences stem from the difference
in benefits of short-run and long-run migration as well as the size of discount rate relative
to inflation.

Appendix A.1 discusses theoretical findings based on alternative functional forms at the
extreme values of p, the Cobb-Douglas and the linear resource functions. The findings based
on the Cobb-Douglas functional form are consistent with the low p scenario, and those based

on the linear functional form are similar to the case of high p.

1.4 Empirical Framework

1.4.1 Data

The main sources of data in this paper are the Indonesian Family Life Survey (IFLS)7,
reported coral bleaching spots from Goreau et al. [2000], and SST anomaly from National
Oceanic and Atmospheric Administration (NOAA) satellite map. The IFLS is a panel that
has been tracking 7,224 Indonesian households since 1993. The survey includes detailed
information on socioeconomic status, consumption, labor market history, migration, and
so on. As we explore labor-related outcomes, including migration, attrition might be a
concern. The IFLS’s overall attrition rate is relatively low compared to other panel datasets
in developing countries. Among the fishery households, the re-contact rate among the original
1993 households in 2007 is 95.83%. This re-contact rate is 93.6% among all original IFLS
households. A simple test® indicates that attrition is not significantly different between the
treated and the control groups.

The IFLS is then combined with data on coral bleaching. The first source of coral
bleaching data is reported coral bleaching spots from Goreau et al. [2000]. This paper

"Frankenberg and Karoly [1995], Frankenberg and Duncan [2000], Strauss et al. [2004], and Strauss et al.
[2000]

8 A test where a dummy indicator for failure to contact a household is regressed on all regressors appeared
in the main estimating model.
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Figure 1.2: Theoretical relationships between initial fish resource endowment (4), inputs,
and fishery profit obtained from CES resource functions
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gathers reef data primarily from long-term observers who observed the reefs before and
after coral bleaching. This helps guarantee that the damage reported was actually due
to coral bleaching, not other factors that might have damaged the corals prior to coral
bleaching. Nonetheless, as with other reported data, coral bleaching spots here might not
be comprehensive. Some bleaching spots might not get reported. Consequently, I also use
number of days with SST anomaly in 1998 as another proxy for coral bleaching.

A popular mass coral bleaching model [Hoegh-Guldberg, 1999] postulates that coral
bleaching is likely to occur when SST is more than 1°C above the normal summer aver-
age for at least 3-4 weeks. NOAA has been using this SST anomaly measure to predict coral
bleaching since the 1990’s and has been successful in predicting mass bleaching events shortly
before coral bleaching actually occurred [Hoegh-Guldberg, 1999]. The number of days with
SST anomaly in this paper is constructed from NOAA satellite images. NOAA published a
map that illustrates SST anomaly once every 1-7 days during 1998. For each coastal area,
defined as one ocean coastline in one province’, I calculate days with SST anomaly based
on the maps from January to June 1998, the period during which SST anomaly occurred.

Then, this SST anomaly days are merged with the household data at a coastal area level.

1.4.2  Methodology
Treatment Specification

Identification in this paper is based on the difference-in-difference technique. The treated
households are defined as households that engaged in fishery and lived in the affected area in
1997. The affected (treated) area includes provinces with reported bleaching spots in Goreau
et al. [2000], namely Bali, West Nusa Tenggara, West Sumatra, the Indian Ocean coastal area
of Central Java, Yogyakarta, and South Sulawesi (See Figure 1.3). This treatment status is
held constant across all waves of data.

The IFLS is currently available for 1993, 1997, 2000, and 2007. The major coral bleaching
in Indonesia happened in 1998, so there are two waves of data for the pre-treatment period
and two waves for the post-treatment period. Specifically, the 2000 wave serves as a short-run
post-treatment period, and the 2007 wave represents the long run. Table 1.1 illustrates the

numbers of households by coral bleaching and control areas in each wave. Table 1.2 shows

9The exception to this rule is Bali and West Nusa Tengara where the two provinces are treated as one
coastal area. This is due to the small-island nature of these provinces and the fact that SST anomaly was
similar in the whole area.
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Figure 1.3: IFLS provinces and treated area
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the number of households who were affected by coral bleaching based on the 1997 wave of
data. Of the 7,516 households in 1997, 2,191 households lived in the areas with reported
coral bleaching spots, and 196 engaged in fishing. Among these households, 76 fished and

lived in the coral bleaching area and hence constitute the treated group.

Table 1.1: Number of households by waves and areas

Waves Control area Coral bleaching area  Total

1993 4,898 2,248 7,146
1997 9,325 2,191 7,516
2000 6,873 2,929 9,802
2007 7,465 3,351 10,816
Total 24,561 10,719 35,280

Table 1.2: Number of households in 1997 by area and fishery status

Non-fishery Fishery Total

Control area 5,205 120 5,325
Treated area 2,115 76 2,191
Total 7,320 196 7,516

Based on this binary treatment specification, there are two possible control groups—non-
fishery households in coral bleaching areas, and fishery households in non-coral bleaching
areas. Using the geographical control group makes intuitive sense as people in the same
geographical location experience similar shocks and changes. For example, households in
the same geographic area usually face similar prices and weather-related shocks. Using the
fishery households in other areas as a control group is motivated by dramatic changes in
macroeconomic factors during the period of study. The Asian Financial Crisis started in
1997 and resulted in a significant depreciation of Rupiah. The fishery sector responded to
this macroeconomic change by shifting to fishing for live fish for exports instead of fishing for
domestic consumption. Moreover, aggressive fishing methods were used more widely than
before. Using the fishery control group helps control for trends in these non-observables in
the fishery sector. One drawback of using the fishery control group is the small sample size
as illustrated in Table 1.2.
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The treatment using the SST anomaly days is defined based on both the actual SST
anomaly days for each coastal area, and the household’s occupation. In particular, SST
anomaly days equals zero for all non-fishery households, and it is equal to the actual SST
anomaly days in the household’s area for all fishery households. SST anomaly days can then
be greater than zero for fishery households that lived outside of coral bleaching areas. Figure

1.4 compares the distribution of SST anomaly days among fishery households that lived in
and outside of coral bleaching areas. Specifically, the fishery households that lived in areas

with reported coral bleaching spots experienced more SST anomaly days relative to those
that lived outside of these areas.

The regression samples that constitute the SST anomaly days models mimic those un-
der the binary treatment specifications. In particular, one regression sample is all fishery

households regardless of where they lived, and another sample is all households in areas with
reported coral bleaching.

Figure 1.4: Distribution of SST anomaly days among fishery households
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Identification

The ultimate goal of this empirical study is to identify how households adapt after a shock
with coral bleaching serving as a natural experiment. A fall in income due to coral bleaching

should be exogenous for a couple of reasons. First, households did not directly cause coral
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bleaching. The 1998 coral bleaching in Indonesia was mainly induced by El Nino, a natural
shift in the tropical climate. Second, these households were unlikely to anticipate coral
bleaching. By monitoring the SST anomaly, scientists predicted the 1998 coral bleaching
only days in advance [Hoegh-Guldberg, 1999]. In addition, even though coral bleaching
events are associated with El Nino episodes, the correlation is not perfect, and it is also
difficult to accurately predict El Nino well in advance.

The empirical modeling involves identifying an impact of coral bleaching on income and
investigating an aftermath of the income shock. The main estimating equation is a difference-
in-difference model where the treatment effect is allowed to vary by time post-treatment.
This identification strategy is motivated by the fact that impacts of coral bleaching could
be different over time. For example, as the theoretical model suggests, the effects of coral
bleaching on migration, labor supply, and consumption can be larger in the short run than
in the long run.

Let Yy,; be a dependent variable of interest. Then, the estimating equation when using a

binary treatment definition can be written as

Y. = a+d6Treaty,+d9Post, + Z B-I(wave = 1) x Treat, + X, v+ pn+ N +eén, (1.1)
7=2000,2007

where h is a subscript for household and t is a subscript for time. [(wave = 7) is an
indicator function for each wave of the post-treatment period, Treaty, is the treatment status,
and X7, is a vector of control covariates. The model also contains household fixed effects, py,,
and wave fixed effects, \;. Control covariates include a set of dummy variables for provinces
of residence in 1997, and household head’s characteristics such as age and education. As a
result, the model accounts for predetermined factors that are constant within households,
any particular wave, and provinces of residence prior to the shock. Note that ; and d, are
not identified as the model contains wave and province fixed effects.

Similar to (1.1), the estimating equation under the SST anomaly days specification takes

the form

Y = a+6,5S5Tdaysy+daPost,+ Z B-I(wave = 1) x SSTdays,+ X,y + ptn+ N+ €ne,
7=2000,2007
(1.2)

where SSTdaysy, denotes the number of SST anomaly days household h faced during the
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1998 coral bleaching.

Table 1.3 compares summary statistics of key variables between treatment and control
groups in 1997. These statistics indicate that the treated households work harder on average
than both control groups. Moreover, some of the treated group’s consumption expenditures
are smaller relative to the control groups’. The differences between the treatment and the
control groups prior to coral bleaching are not an identification concern as long as the three
groups have similar trends in dependent variables before the treatment. For example, the
Asian Crisis, which started in 1997, must have affected the treatment and the control groups
in the same way. Figures 1.5 and 1.6 help validate this assumption by comparing the treat-
ment group’s and the control groups’ trends of log of real household income over time!'®. Log
real household income is quite similar among the three groups prior to the 2000 wave. After

coral bleaching in 1998, the treatment group’s income dropped in 2000 before increasing in
2007.

Figure 1.5: log(real household income per worker) of fishery households and other households
in bleaching area
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Another way to estimate the treatment effect in this setting is the triple difference spec-

ification, which allows for identification even when there exist both the unobservables that

10Gimilar graphs for other outcome variables are available upon request.
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Figure 1.6: log(real household income per worker) among fishery households in bleaching
and non-bleaching areas
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affect all fishery households, and the unobservables that affect all households in coral bleach-
ing areas. For example, if there are both a change in fishery regulation and drought in
coral bleaching areas, then the treatment effect can be identified only in the triple difference
specification. Under the double difference specification, the change in fishery regulation is
not controlled for when using the geographical control group, and the drought could poten-
tially bias the treatment effect estimated under the fishery control group specification. The

estimating equation based on the triple difference specification can be written as

Y = a+0,Post,+0 s Fishy+0,Bleachy+@¢, Postyx Fishy+@o Postyx Bleachy+¢s Fishyx Bleachy+-...
v Z B-I(wave = 7) * Fishy, * Bleachy, + X;,v + pn + M + €. (1.3)

7=2000,2007

Identification based on the triple difference specification, nonetheless, comes at a cost of
power. This is a particular concern when the treatment group is small, as is the case here.
The results from the triple difference model are slightly less precisely estimated than those

from the double difference specifications and are presented in the next section as a robustness
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check.

The second empirical consideration is measurement error. The current measures of coral
bleaching in this paper contain varying extents of measurement error. The binary treatment
definition based on reported bleaching spots suffers from under-reporting. There could be
other bleaching spots that were not reported. The second measure, number of days with
SST anomaly, is more continuous and does not suffer from underreporting. However, it
suffers from an imperfect correlation between SST and the actual bleaching events. The
SST threshold can vary by locations and coral species [Hughes et al., 2003]. In addition,
even though the SST anomaly is the most important cause of mass coral bleaching, other
factors, such as light, water salinity, and depth of water, could also adversely affect the
coral reefs. These factors are unlikely to confound the empirical results because these factors
were mostly uncorrelated with the outcomes'!. In either case, the classic measurement error
biases the OLS estimates towards zero. Despite the measurement error, I find significant
impacts of coral bleaching on various outcomes using both measures of coral bleaching and
both definitions of control groups.

The empirical analysis proceeds as follows. I first investigate if coral bleaching is associ-
ated with a reduction in income among the affected households relative to other households.
Y+ in this case is a natural logarithm of real household income per worker. Then, I explore
how the affected households adjust relative to the control groups in terms of labor market
decisions. The labor market decisions include decisions to migrate, supply labor, and switch
to another industry. The empirical analysis on consumption will be discussed in the next

chapter.

1.5 Empirical Results

Using the proposed empirical models, I find a robust adverse impact of the 1998 coral bleach-
ing on household income two years after coral bleaching but not nine years after. Given the
income shock, the affected households tended to have limited adaptation options in the short
run, but these options opened up in the long run. Specifically, the only labor-related adapta-
tion that statistically changed in 2000 is migration; however, there is evidence for an increase
in labor supply and industry switching in the long run. These findings suggest that coral

bleaching and income shock could result in a decline in nutrition intake among the affected

' These factors may have weak second-order effects on fish catch. However, they are likely to be persistent
over time and should be controlled for under the difference-in-difference specification.
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households. This section explains all empirical results in detail. First, the results on income

are discussed. Then, I turn to labor-related adaptations.

1.5.1 Income shock

Tables 1.4-1.5 show the estimates of the key coefficients from equations (1.1)-(1.2) with
log real household income per worker as a dependent variable. These models suggest that
coral bleaching is associated with a relatively large income shock among the affected fishery
households in 2000, two years after coral bleaching. Their income increased over time, so
the income was at a level comparable to the control groups’ in 2007, nine years after coral
bleaching.

Columns 2 in Tables 1.4-1.5 show the treatment effect coefficients using the geographical
and fishery control groups, respectively. The coefficients on an interaction term 7(2000) x*
treat;, are negative and large in magnitude under both control group specifications. Using
the geographic control group, the coefficient on 1(2000) * Fish is estimated to be -0.3236.
This implies the treatment group’s income fell around 27% compared to the average income
of non-fishery households in the same area. The coefficient on 1(2000) * Bleach using the
fishery control group is -0.6213, which translates into a 46.3% average drop in income among
the treated group relative to other fishery households. This finding is also confirmed under
the SST anomaly specifications— the coefficients on 7(2000) x SST'days, are also negative
and translated into a 29.6% decline in income relative to the geographical control group, and
a 38.1% decline in income relative to the fishery control group'?. On the other hand, the
coefficients for 2007 are not statistically significant in any specifications. The F-Test with
the null hypothesis Hy : 82000 = B2007 also suggests that income changed from 2000 to 2007.
These results together indicate that the income shock is mitigated over time. This can be
due either to fish stock recovery or household adaptations, or both.

As the dependent variable is log of real household income per worker, households with
negative or zero income are dropped from the regressions. These households account for 9.4%
of the geographical sample, and 6.8% of the fishery sample. To ensure that this exclusion
is not systematically different between the treatment and the control groups, I estimate
equation (1.1) with a dummy indicator for zero or negative income as a dependent variable.

The treatment effect coefficients are not statistically significant in any specifications.

12These percentage changes are calculated based on a median SST anomaly days of 77. %change =
61‘p(62000 * 77) —1.



Table 1.4: Effects of coral bleaching on income - geographic control group

(1) (2)

log(income) Has zero or negative income

A: Binary treatment

2000*Fish -0.3236* -0.0034
(0.1821) (0.0294)
2007*Fish -0.0012 0.0165
(0.2) (0.0322)
F-Test p-value 0.0886 0.3381
B: SST anomaly days
2000*SSTdays -0.0046* 0.0005
(0.0027) (0.0003)
2007*SSTdays 0.0001 0.0006
(0.0029) (0.0004)
F-Test p-value 0.1053 0.4680
N 7,722 9,544
Mean dependent variable 13.776 0.094

Remarks: Panel A contains selected coefficients from equation (1.1), and panel B
contains selected coefficients from equation (1.2). Clustered standard errors are
in parenthesis. *, ** *** denote statistically significance at 10%, 5%, and 1%,
respectively. F-test Ho : B2000 = B2007. All models include household head’s
gender, age, and education as control covariates. Wave, province and household
fixed effects are included in all specifications. Dependent variables are a dummy
indicator for zero or negative household income and log of real household income
per worker.



Table 1.5: Effects of coral bleaching on income - fishery control group

(1)

(2)

log(income) Has zero or negative income
A: Binary treatment
2000*Fish -0.6213** 0.0068
(0.2562) (0.0414)
2007*Fish -0.0616 0.0071
(0.2849) (0.044)
F-Test p-value 0.0187 0.9898
B: SST anomaly days
2000*SSTdays -0.0062* 0.0004
(0.0036) (0.0006)
2007*SSTdays 0.0008 0.0004
(0.0039) (0.0006)
F-Test p-value 0.0310 0.9477
N 736 881
Mean dependent variable 13.684 0.068

Remarks: Panel A contains selected coefficients from equation (1.1), and panel B
contains selected coefficients from equation (1.2). Clustered standard errors are
in parenthesis. *, ** *¥** denote statistically significance at 10%, 5%, and 1%,

respectively. F-test Hg : B2000 = B2007-

All models include household head’s

gender, age, and education as control covariates. Wave, province and household
fixed effects are included in all specifications. Dependent variables are a dummy
indicator for zero or negative household income and log of real household income

per worker.
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1.5.2 Labor market outcomes

The income shock discussed in the previous section resulted from a shock to natural resource.
As there are other factors contributing to fishery production and household income, we can
investigate several mechanisms through which the households mitigate this income shock.
In particular, households could adjust other factors of fishery production, labor supply and
migration, as well as other labor-related behaviors such as labor supply to the labor market.
The most important take away among many labor-related findings is that labor market re-
sponses are higher in the long run. The empirical evidence suggests that these households
were still in fishery in 2000. The only labor-related behavior that changed in 2000 is migra-
tion. The affected households did not change their labor supply, as measured by working
time, in 2000. Coral bleaching might have reduced the marginal fishery product of labor,
so households did not find it worthwhile to increase fishery labor input. In addition, these
households might not be able to supply labor in other industries due possibly to a lack of
skills and labor market frictions. In the long run, however, the affected households were less
likely to be in fishery. They also increased their labor supply by increasing their working time
and taking additional jobs. These findings could have resulted from labor market frictions,
such as high search cost in the short run relative to the long run, or skill acquisition over

time.

Table 1.6 illustrates effects of coral bleaching on labor-related outcomes using the geo-
graphic control group. The only labor-related behavior with a statistically significant change
in 2000 is migration. The effect using a binary treatment variable is estimated to be an in-
crease of 11.2 percentage points in the likelihood of migration. The 2007 effect on migration
is not statistically significant. These estimates imply that the affected households are more
likely to migrate 2 years after the shock rather than 9 years'®. One plausible explanation
is that earlier migration allows the affected households to reap the benefits of improved fish
resource sooner. If the cost of migration is constant over time, then sooner migration has a

greater payoff than later migration.

One caveat of the results on migration is that the average treatment effect does not
account for the general equilibrium effect. Since the treatment status is defined based on job
industry and area of residence prior to the shock, there is no changes in group composition

over time. However, this specification does not take into account the effects of the treated

13Migration is coded as a flow, so this result implies that households did not migrate back in 2007.
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Table 1.6: Effects of coral bleaching on labor market outcomes - geographic control group

(1) (2) 3) (4) ()

Migration ~Work hours Work weeks Second jobs Fishermen

A: Binary treatment

I(2000)*Fish 0.1121°** 1.1372 3.8924 -0.1205 -0.0807
(0.0445) (3.1596) (3.5959) (0.0837) (0.1311)
I(2007)*Fish -0.0584 5.7516* 13.7718*** 0.1865** -0.3874%**
(0.0703) (3.0533) (3.8307) (0.0748) (0.1301)
F-Test p-value 0.0442 0.1320 0.0156 0.0003 0.0244
B: SST anomaly days
1(2000)*SSTdays 0.0007*** -0.0141 0.0317 -0.0023* -0.0018
(0.0002) (0.047) (0.0585) (0.0013) (0.0019)
I(2007)*SSTdays 0.0005 0.0786* 0.2317#%* 0.0028** -0.0056%***
(0.0009) (0.0463) (0.0586) (0.0012) (0.002)
F-Test p-value 0.8007 0.0357 0.0017 0.0002 0.1064
N 7,407 9,530 9,558 9,572 9,135
Mean dependent variable 0.213 31.340 35.502 0.343 0.039

Remarks: Panel A contains selected coefficients from equation (1.1), and panel B contains selected coefficients
from equation (1.2). Clustered standard errors are in parenthesis. *, ** *** denote statistically significance at
10%, 5%, and 1%, respectively. F-test Hp : 82000 = B2007- All models include household head’s gender, age,
and education as control covariates. Wave, province and household fixed effects are included in all specifications.
‘Work hours is per week and per worker. Work weeks is per year and per worker. Second job is equal to one if at
least one worker in a household has a secondary job. Fishermen is the number of household workers in fishery.
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group’s decision to migrate on the control groups’ decisions. For example, the treated group’s
migration to a new area might lead to an increase in competition in that area. This can
cause the locals, who potentially are in the control group, to migrate. The spillover test
where fishery and non-fishery households in control area are compared indicates that this
hypothesis is not true. The coefficient on 1(2000) x Fiish is not statistically significant with
the p-value around 0.34'4.

Almost a decade after the shock, the affected households were able to find more adaptation
channels. There is statistical evidence for an increase in labor supply and industry switching
in 2007 but not in 2000. In particular, coefficients on working hours per week and working
weeks per year are positive and statistically significant only in 2007, and the magnitudes of
these effects are quite large. Under the binary treatment and the geographic control group
specification, the estimated relative increase in working hours is 5.7 hours per week, and the
relative increase in working weeks is 13.8 weeks per year. In addition to working time, I also
find that the affected households were less likely to have second jobs in 2000 but were more
likely to do so relative to the control groups in 2007. Finally, compared to other households
in the same area, the affected fishery households are less likely to be in fishery in the long
run.

Similar results can also be obtained under the fishery control group specification, albeit
some weaker results and a flipped effect on migration between the short run and the long run
under the SST days specification. These results are presented in Table A.2.1 in appendix A.2.

Taken together, these findings have a couple of implications. Firstly, it reflects that a fall
in fish stock resource cannot be easily substituted with an increase in labor input in the short
run. One possible reason why the affected households did not increase their labor supply in
2000 is that the fish stock resource back then was so poor. An increase in labor could have
not improved the marginal product at that level of fish resource. However, migration might
have helped improve the fish resource that the affected households have access too.

Secondly, the marine resource in Indonesia might have recovered after coral bleaching,
but the recovery process happened rather slowly. The presence of income shock in 2000 and
the finding that no other labor activities changed during that time imply that the resource
condition two years after coral bleaching was still poor. The increase in labor supply and the
presence of secondary jobs in 2007 could be as a result of marine resource recovery. However,

the result on the declined likelihood to stay in fishery in the long run somewhat weakens this

1Full spillover results are available upon request.
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hypothesis.

Another reasonable explanation is that the treated households might not be able to work
outside of fishery in the short run due to a lack of skills or labor market frictions. As a
result, so they could not increase their labor supply or take additional jobs in 2000. This
effect was alleviated over time as people acquired new skills and market frictions decline over
time. This results in a rise in labor supply, an increase in presence of secondary jobs, and a
higher likelihood to leave fishery in 2007.

In short, households that faced the resource/income shock from coral bleaching tend
to mitigate the impact of the shock by migration in the short run. However, the affected
households still experienced a drop in income in 2000. There is no statistically significant
evidence for an increase in labor supply or industry switching in the short run. Nonethe-
less, labor market responses were larger in the long run. These households were able to
increase labor supply both through increasing their working time and taking secondary jobs.
Moreover, they were less likely to be in fishery in the long run relative to other households.
These findings suggest that the fish stock resource recovery was incomplete by 2007 and that
households’ skill acquisition took time. As a result, policies that help households transition

into other industries would be useful.

Robustness Checks

This section examines the robustness of the empirical results using the triple difference
specification, the instrumental variable approach, and the placebo treatment test. Firstly,
the triple difference specification controls for a broader range of confounding factors than the
double difference model. Specifically, the treatment effects are identified even when there
are both time-varying unobservables that affect all fishery households and those that affect
every household in the coral bleaching areas. In contrast, the double difference specification
allows for only one kind of unobservables at a time. For instance, under the double difference
when the regression sample is those in the coral bleaching area, the treatment effect will not
be identified if there is a country-wide change in fishing regulations. The new regulations
are likely to affect only the treated group but not the control group. Identification should
then be based on the fishery control group. If there also exists location-specific shock that
makes the treated fishery households” outcome trend different from that of the control fishery
households, then the fishery control group will not be valid either. In this case, the treatment

effect can still be identified using the triple difference approach provided that the location-
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specific unobservable similarly affects all households in the area.

I utilize the triple difference estimator based on (1.3) and show that the results are broadly
consistent with the main specifications. Table 1.7 shows the results from the triple difference
model on income. The estimates still exhibit similar patterns as those in the main results.
However, some coefficients cannot be precisely estimated due to the small treatment group
size. In particular, the treated households are not statistically different from other households
in terms of the ability to earn positive income. Even though triple difference estimate for
2000 in the income model is not statistically significant under traditional significant levels, it
is negative and large in absolute value compared to the 2007 estimate. Specifically, the 2000
coefficient is estimated to be -0.2803 with a p-value of .252 and a 95% confidence interval that
is mostly in the negative range, (-0.76, 0.2). The 2007 coefficient is estimated to be -0.0315
with a p-value of 0.903, in line with the adaptations suggested by the difference-in-difference

specifications.

Table 1.7: Effects of coral bleaching on income - triple differences

(1) (2)

log(income)  Has zero or negative income

2000*Fish*Bleach -0.2803 -0.0393
(0.2448) (0.0412)
2007*Fish*Bleach -0.0315 -0.0265
(0.2581) (0.0438)
F-Test p-value 0.1802 0.5278
N 25,148 31,244
Mean dependent variable 13.875 0.100

Remarks: Estimates based on (1.3). Clustered standard errors are in parenthesis.
* Rk ¥Rk denote statistically significance at 10%, 5%, and 1%, respectively. F-
test Ho : B2000 = B2007- All models include household head’s gender, age, and
education as control covariates. Wave, province and household fixed effects are
included in all specifications. Dependent variables are a dummy indicator for zero
or negative household income and log of real household income per worker.

Results on labor market outcomes based on the triple difference model also show similar
findings as the main results, despite some weaker estimates. The 2000 coefficient on migration
is highly significant and large, and so does the 2007 coefficient on work weeks. The results
on secondary jobs and industry switching are also similar to the main results.

The second robustness check is to use the instrumental variable approach to estimate
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Table 1.8: Effects of coral bleaching on labor market outcomes - triple differences

(1) (2) 3) (4) (5)
Migration ~Work hours Work weeks Second job  Fishermen

I(2000)*Fish*Bleach 0.247%%* 0.3739 2.1668 -0.1694* 0.0139

(0.0703) (3.7405) (4.0822) (0.0948) (0.1531)
I(2007)*Fish*Bleach 0.0877 5.9099 13.956%** 0.1786** -0.2857*

(0.0868) (3.6851) (4.3599) (0.0883) (0.152)
F-Test p-value 0.0510 0.0671 0.0037 0.0000 0.0253
N 24,407 31,198 31,301 31,348 30,023
Mean dependent variable 0.220 30.713 33.458 0.296 0.036

Remarks: Estimates based on (1.3). Clustered standard errors are in parenthesis. *, **  *** denote statistically
significance at 10%, 5%, and 1%, respectively. F-test Hg : 82000 = B2007- All models include household head’s
gender, age, and education as control covariates. Wave, province and household fixed effects are included in
all specifications. Work hours is per week and per worker. Work weeks is per year and per worker. Second
job is equal to one if at least one worker in a household has a secondary job. Fishermen is the number of
household workers in fishery.

the treatment effects. When there are two possible treatment variables, it is possible to
instrument one treatment variable with the other. In our case, I instrument the binary
treatment variable with SST anomaly days because the SST anomaly days is used for coral
bleaching prediction. Table 1.9 exhibits the IV results and shows that the key findings
also hold under this specification. In fact, most of the treatment coefficients are larger in
magnitude in the IV models compared to the similar coefficients under the OLS binary

treatment models.

The third robustness check is whether there are placebo treatment effects. In particu-
lar, among households that lived outside of coral bleaching areas, fishery and non-fishery
households should not exhibit differences in outcomes post-treatment. Table 1.10 illustrates
results from the models where the sample is all households that lived in control areas. These
results indicate that fishery and non-fishery households were similar in terms of labor market
outcomes and consumption in absence of coral bleaching. This reassures that the treatment

effects presented earlier were not driven by unobservables inherent in the fishery sector.

15There is an evidence for labor market and consumption spillovers to non-fishery households in coral
bleaching areas based on the specification that compares non-fishery households in coral bleaching areas
to non-fishery households in the control area. Details are still under investigation. Full results are available
upon request.
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Table 1.9: Robustness check - IV estimation

Income Labor Activities

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

Income  Migration Work hours Work weeks Second job  Fishermen

2000*Bleach -0.6791%* 0.0987 -4.4111 -2.0651 -0.2507** -0.1478
(0.2834) (0.0777) (5.2444) (5.3629) (0.1255) (0.1964)
2007*Bleach 0.057 0.3971%** 8.645* 21.9853%** 0.2623** -0.1531
(0.3053) (0.1073) (4.8111) (5.8903) (0.1202) (0.1937)
F-Test p-value 0.0150 0.0071 0.0172 0.0002 0.0003 0.9807
N 692 628 848 848 849 792
Mean dependent variable 13.673 0.164 29.703 33.042 0.320 0.819

Remarks: Clustered standard errors are in parenthesis. *, ** *** denote statistically significance at 10%, 5%, and 1%,
respectively. F-test Ho : 82000 = B2007. Sample is all fishery households. The binary treatment variables are instrumented
with SST anomaly days variables. All models include household head’s gender, age, and education as control covariates.
Wave, province and household fixed effects are included in all specifications. Income is log of real household income per
worker. Work hours is per week and per worker. Work weeks is per year and per worker. Second job is equal to one if at least
one worker in a household has a secondary job. Fishermen is the number of household workers in fishery. All consumption
measures are log of real consumption per household member.

Table 1.10: Robustness check - placebo treatment on control area

Income Labor Activities
(1) (2) (3) (4) (5) (6) (7)

Zero/neg. Income  Migration Work hours Work weeks Second job Fishermen

income
I(2000)*Fish 0.0347 0.1548 -0.0623 0.746 1.1195 0.0221 -0.0155

(0.0306)  (0.1787) (0.0621) (2.5353) (1.9889) (0.051) (0.0876)
I(2007)*Fish 0.0467 -0.1912  -0.2053*** -0.8809 -0.8393 0.0177 -0.2015%*

(0.0308)  (0.1883) (0.0658) (2.3877) (2.6265) (0.0587) (0.1022)
F-Test p-value 0.5115 0.0219 0.0179 0.5378 0.3927 0.9362 0.0512
N 21,700 17,426 17,000 21,668 21,743 21,776 20,888
Mean dep. variable 0.103 13.918 0.223 30.437 32.559 0.275 0.034

Remarks: Estimates based on (1.1). Clustered standard errors are in parenthesis. *, **, *** denote statistically significance at 10%,
5%, and 1%, respectively. F-test Ho : B2000 = B2007. Sample is all households in areas without coral bleaching. Wave, province
and household fixed effects are included in all specifications. Dependent variable in Column (1) is whether a household has zero or
negative income. Income is log of real household income per worker. Work hours is per week and per worker. Work weeks is per
year and per worker. Second job is equal to one if at least one worker in a household has a secondary job. Fishermen is the number
of household workers in fishery. All consumption measures are log of real consumption per household member.
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1.6 Conclusion

In this chapter I study relationships between a long-lasting income shock and several adapta-
tion mechanisms. The source of an exogenous income shock is coral bleaching, which occurs
as a result of abnormally high sea surface temperature. Using the IFLS, I empirically show
that fishery households that were affected by coral bleaching had lower income compared to
other households two years after coral bleaching. The income shock was mitigated over time
as these households adapted. The adaptation mechanisms considered in this chapter include
labor activities.

As the world climate changes, long-lasting income shocks are more likely to occur. The
results from this paper have interesting policy implications from both development and
environmental perspectives. From the development perspective, the findings in this paper
provide insights into ways to alleviate impacts of unexpected, long-lasting income shocks.
From the environmental perspective, this paper sheds some lights on how climate change
affects people, especially those in the vulnerable coastal communities.

I find that the affected households responded to the income shock by migration in the
short run. This result suggests that policies that help facilitate migration might be useful.
For example, in the case of fishery households who faced a decline in fish stock, a policy that
directs them to an area with a healthy fish stock might be useful. Nonetheless, there could
be several problems with migration. For example, the locals might reject migrants who try
to come in and share the resource, and the migrants have a high cost of adapting to a new
area. In a broader perspective, migration may not be feasible for every household in every
situation. For instance, agricultural households who own or rely on land face a high cost
of migration and may be better off not migrating. Additionally, if a shock is widespread,
the cost of migration will be high as households will be required to migrate a long distance.
Subsidizing migration in these situations can make migration feasible for the households, but
the cost of the subsidy could be very high.

The results also indicate that the affected households increased labor supply, took second
jobs, and switched to another industry in the long run but not in the short run. Conse-
quently, skill acquisition policy might help mitigate the income shock. If these households
had acquired new skills, they might have been able to work in other industries sooner, and
the income shock could have been less severe in the short run. In addition, labor market fric-
tions might have prevented the affected households from supplying labor to other industries

in the short run. In this case, policies that reduce the frictions, such as those that reduce



search costs and facilitate information flow, can be useful.
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Chapter 2

CHANGES IN CONSUMPTION AMONG FISHERY
HOUSEHOLDS

Abstract

This paper explores how people adjusted their consumption after coral bleaching. Using
a household panel survey and scientific data on coral bleaching, I find evidence for declines in
most consumption measures in the short run among fishery households that were exposed to
coral bleaching. Protein consumption dropped the most, and grain consumption almost did
not change. These results, combined with an evidence for a decline in fruits and vegetables
consumption, imply that the affected households might have received less nutrition. Further
analysis on home-grown consumption suggests that this fall in consumption is due mostly to

the decreases in income, but the fall in protein availability cannot be ruled out.

2.1 Introduction

Even though the literature on the economic impacts of climate change is well-established,
little is known about the potential impacts of climate change on food security, especially
on the nutrition aspect. Most of the current economic literature on climate change focuses
on the impacts on yields and income from staple crops. However, climate change could
also affect human’s nutrition intakes through either changes in income or direct impacts of
climate change on productions of important nutrition sources.

The goal of this chapter is to fill in this literature gap by examining impacts of a climate
shock, coral bleaching, on various consumption categories. Coral bleaching is found to cause
a large income shock among Indonesian fishery households that were exposed to the massive
bleaching event in 1998. This substantial decrease in income could have led to a fall in
consumption in absence of sufficient savings or risk sharing mechanisms.

Additionally, coral bleaching is also associated with a fall in fish stock in the medium to
the long run. As a result, areas with coral bleaching might have experienced a shock to fish

supply. This supply shock can have a devastating effect on protein intakes because fish is
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the main protein source for many developing countries, including Indonesia.

The empirical study in this chapter mimic that in the first chapter. The setting is
the fishery sector in Indonesia, the fourth largest country in terms of population and the
country with the second longest coastline in the world. The main sources of data include
the household panel survey from the Indonesian Family Life Survey, and the data on coral
bleaching from Goreau et al. [2000] and remote sensing maps. Identification in this chapter
also relies on the premises that coral bleaching is exogenous to household behaviors and that
its effects are long-term. Consequently, the income shock from coral bleaching is unexpected,
and it allows us to study effects of long-term unexpected income shocks on consumption, in
addition to the effects of climate change.

The empirical results suggest a large fall in consumption two years after coral bleaching. I
find evidence for decreases in various consumption measures with an exception of food staple
consumption. This decline in consumption was due to both the income shock and the fall in
fish availability. As a result, protein consumption was one of the consumption measures with
the largest drops. This, combined with results on declined fruit and vegetable consumption,
suggests that the affected households might have received less nutrition relative to the control
groups at least in the short run.

These findings are consistent with the literature on income elasticity of food consumption.
For example, Subramanian and Deaton [1996] estimate the elasticity of calorie consumption
with respect to total expenditure in India to be around 0.3-0.5, suggesting that calorie
intake is a normal good. In the context of Indonesia, Skoufias et al. [2012] estimate the
similar elasticity to range from 0.12-0.25. In addition, they find that the income elasticity
of starchy staple to total calorie ratio ranges from -0.21- -0.31 implying that households
consume less starchy staples as their income increases.

In addition to the literature on income elasticity of food consumption, this chapter is
also related to the literature on consumption smoothing and consumption response to in-
come changes, a large and well-established research area. For example, Morduch [1995] and
Jappelli and Pistaferri [2010] provide traditional and current surveys of this literature. A
large number of works postulate imperfect consumption smoothing, especially in the cases
with liquidity constraints and/or unexpected shocks. This paper provides another evidence

for a large decline in consumption following an unexpected income shock.!

!Note that the main goal of this chapter is not to test the permanent income hypothesis, so the methods
used here are not the traditional rigorous ones such as in Paxson [1993].
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Most importantaly, the findings in this chapter help filling in the large literature gap in
the climate change literature. Most of the current literature is contributed to the production
of main staple crops such as corn and soybean in the U.S. The literature on developing
countries is quite sparse, but the impacts of climate change can be larger in these countries
due to the severity of the changes as well as the inadequate social safety nets and risk sharing
mechanisms. This chapter offers a unique opportunity to investigate the consumption side
of the picture and to understand how households in developing countries adapt to climate
change.

A couple of policy implications arise from results in this chapter. First, the results suggest
that a climate shock that happens within the ocean can adversely affect protein consumption
through the fall in protein availability. Thus, policies should target not only at smoothing
total consumption but also at maintaining adequate nutrition intake. This implication is
also applicable to other recent and future climate shocks within the ocean, for example,
ocean acidification and changes in phytoplankton concentration. Second, the results shed
some lights on how policies can help households smooth their consumption after long-term
unexpected income shocks. In particular, cash transfer might be an effective policy device to
increase consumption of normal /luxury goods such as protein and other nutrition-rich food.

The rest of the chapter proceeds as follows. Section 2 provides further insights into
how coral bleaching affects fish stock and income in the Indonesian fishery sector. Section
3 describes the empirical framework, including data and methodology. Section 4 presents

empirical results, and section 5 discusses policy implications and concludes.

2.2 Background on Effects of Coral Bleaching in Indonesia

The previous chapter outlines the effects of coral bleaching on income and labor-related
outcomes among the Indonesian fishery households. The decrease in income is estimated
to be at least 27% in 2000, two years after coral bleaching in 1998. However, there was no
detectable change in income in 2007. This fall in income can be interpreted as an unexpected
long-term income shock because 1. coral bleaching is exogenous to household behaviors, and
2. marine resources take at least 5-10 years to recover [e.g. Graham et al., 2007, Wilkinson
and Hodgson, 1999]. The literature on consumption smoothing postulates that consumption
smoothing is less likely when the income shock is unexpected than when the shock is expected
[Jappelli and Pistaferri, 2010]. Thus, households that were exposed a large income shock

due to coral bleaching might have to cut down their consumption, particularly in the cases
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where liquidity constraint is binding.

Coral bleaching is exogenous to household behaviors because it is mainly caused by
abnormally high sea surface temperature (SST). This study is based on the massive coral
bleaching event that followed the severe El Nifio in 1998, a completely natural process. In
addition, this income shock is unlikely to be expected because even scientists could predict
this bleaching event just a few weeks in advance [Hoegh-Guldberg, 1999].

In addition to the changes in income, the fall in fish availability after coral bleaching might
have affected household consumption. Since corals are at the bottom of the food chain in
the ocean ecosystem and coral reefs are a habitat for many species, deteriorating coral reefs
can adversely impact fish stock [Pratchett et al., 2008]. For instance, coral reef degradation
leads to a decrease in abundance of coral reef species within three years after coral bleaching
[van Oppen and Lough, 2008]. Fishing of coral reef species is usually for exports as live fish
as well as for local consumption [Kruger, 2014, ?], so the decline in the abundance of reef
species can affect both income and consumption. In addition to the effects on reef species,
coral bleaching can adversely impact non-reef species through ecological relationships, such
as the impacts on species that rely on coral reefs for reproduction. This kind of effects takes
time to manifest. For this reason, in the long run, fish composition changes, and overall
abundance and diversity decline [van Oppen and Lough, 2008]. Therefore, the long-run
effects of coral bleaching on fishery are not limited to only reef fishery in the long run.

For the bleaching event in 1998, coral mortality rate was estimated to be around 50% in
Bali [Goreau et al., 2000], the area where most of the fishery households in the IFLS lived.
To the best of my knowledge, there was no official study of changes in fish stock due to the
1998 coral bleaching in Indonesia due to sparse data. Studies in other countries indicate slow
recoveries of fish stock from this bleaching event (5-10 years) as well as failures to recover in
some locations [e.g. Graham et al., 2007, 2015, Garpe et al., 2006, Booth and Beretta, 2002].
Consequently, if coral bleaching affects consumption through the fall in fish availability, this

consumption shock is likely to be intermediate to long term.

2.3 Empirical Framework

2.8.1 Data

The empirical framework in this chapter is similar to that in the first chapter. The sources

of data include household panel survey from the IFLS, reported coral bleaching spots from
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Goreau et al. [2000], and SST anomaly from satellite maps.

The IFLS is a panel dataset that consists of household and community surveys. The
surveys started in 1993 with 7,224 households, and the 312 communities where these house-
holds lived. These households and communities were resurveyed in 1997, 2000, and 2007. The
household survey contains information on demographics, labor market history, consumption,
among others. The community survey comprises of information on schools, health facilities,
prices of common commodities, and so on.

The consumption section in the IFLS was interviewed at a household level. The questions
ask how much each household spent on different types of consumption. The questionnaire
also distinguishes between consumption of goods that were produced within the households
and those that were bought. The price data are collected at the community level and contain
prices of key commodities such as beef and rice. Howver, the price of fresh fish is not available.

Similar to the first chapter, there are two measures of coral bleaching in this chapter.
First, reported coral bleaching spots from Goreau et al. [2000] define a binary exposure to
coral bleaching. This study gathered information from long-term observers, so the chance of
misreporting is relatively small. Nonetheless, there could be unreported spots as some areas
might not be covered by these observers. For this reason, I also use SST anomaly days as a
second measure of coral bleaching? and show that both measure yield similar results. The
SST anomaly days is constructed from remote sensing maps, so it does not suffer from under
reporting. These SST anomaly maps were reported by the Nation Oceanic and Atmospheric
Administration (NOAA) every 1-7 days during the first half of 1998.

2.3.2  Identification and Methodology

The identification strategies in this chapter follow those in the first chapter very closely. The
estimating equation is based on the difference-in-difference framework with time-varying
treatment effects. Identification also relies on the premises that coral bleaching is exogenous,
so the effects on consumption can be interpreted as the effects of an income shock as well as
a climate shock. The previous section discussed the reasons why coral bleaching is likely to

be exogenous.

2This measure follows from a popular mass coral bleaching model by Hoegh-Guldberg [1999]. The model

postulates that the temperature threshold for coral bleaching is 1 degree Celsius above the normal summer
average, and coral bleaching is likely to occur when a coral reef is exposed to this temperature anomaly
for at least 3-4 weeks.
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The treatment group based on reported coral bleaching spots is defined as households
that engaged in fishery and lived in areas with coral bleaching according to the 1997 wave
of data. Following this treatment status definition, there are two possible control groups:
fishery households that did not live in coral bleaching areas, and non-fishery households
that lived in coral bleaching areas. The massive coral bleaching event occurred in 1998, so
the pretreatment period include 1993 and 1997. The 2000 wave represents the short-run
post-treatment period, and the 2007 wave is considered the long-run. Tables 1.1-1.2 contain
the number of households in each group, and table 1.3 exhibits summary statistics for each

group based on the data in the 1997 wave.

Let Y},; be the dependent variable of interest. Similar to the main specification in the

first chapter, the main estimating equation is given by

Y. = a+6Treat,+d9Post, + Z B I (wave = 1) x Treaty, + X, v+ pn+ N +eéne, (2.1)
7=2000,2007

where the subscript h is for household, and t is for time. The dummy variable Treaty,
is equal to 1 for households that engaged in fishery and lived in coral bleaching areas.
I(wave = 1) is an indicator function for each of the post-treatment waves. The vector of
control covariates, Xj;, comprises of household head’s demographic characteristics, and a set
of dummy variables for provinces of residences in 1997. This model also contains household
fixed effects, uj, and wave fixed effects, \;. Hence, any factors that are constant within
a province or a wave are controlled for, and identification is based on within-household
variations. Also, note that d; and d, are not identified as the model contains wave and

province fixed effects.

The estimating equation using SST anomaly days as a treatment take the similar form:

Y = a+6,SSTdaysy+ 09 Post;+ Z B I(wave = 1) * SSTdays,+ X, v+ pn+ N+ €nt,
7=2000,2007
(2.2)

where SST'daysy, is household h’s exposure to coral bleaching as measure by the number of
SST anomaly days. SSTdaysy, is equal to zero for all non-fishery households and is equal to
the actual anomaly days in the household’s coastal area for all fishery households.

The technical concerns on identification include the violation of the parallel trend as-

sumption and measurement errors. Even though table 1.3 indicates some differences in
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consumption between the treatment and the control groups, these differences are not a con-
cern if the pre-treatment trends are similar between the treatment and the control groups.
Figures 2.1 - 2.2 help validating this assumption by plotting log of protein consumption

expenditure for each group over time.

Figure 2.1: log(protein consumption expenditure per household member) of fishery house-
holds and other households in bleaching area
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As mentioned in the first chapter, treatment effects in this setting can also be estimated
using the triple differences framework which allows for a wider range of possible confounders.?
The results from the triple differences models are similar to those from the main specifications
and are included as one of the robustness checks.

The second technical concern involves measurement errors in coral bleaching measures.
First, reported coral bleaching spots might suffer from underreporting. Second, SST anomaly
days is not perfectly correlated with the actual bleaching spots as there are other factors
that affect the bleaching process. In the case of classic measurement error®, the treatment
coefficients tend to be biased toward zero. However, I employ both measures of coral bleach-
ing and show that they yield similar, statistically significant results. I also adopt the IV

approach, where I instrument the binary treatment status with SST anomaly days, and

3See chapter 1 for detailed discussion of triple differences.

4See chapter 1 for the full discussion of measurement errors in this case.
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Figure 2.2: log(protein consumption expenditure per household member) of fishery house-
holds in and outside of bleaching areas
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include the results as a robustness check.

2.4 Empirical Results

Given the income shock in 1998, I find evidence for a fall in consumption in various con-
sumption measures in 2000. In particular, most of the treated households’ consumption
changed in tandem with their income. The households cut down on most consumption and
probably received less nutrition in 2000 but not in 2007. Among all consumption measures,
protein consumption fell the most in 2000, and some evidence suggests that it did not fully
recover by 2007. On the other hand, food staple consumption almost did not change either
in 2000 or 2007 relative to the pre-bleaching level. Plausible explanations for these results
include changes in food availability, changes in income, changes in career, households viewing
nutrient-rich food as a luxury good, as well as imperfect risk sharing and safety net mecha-
nisms. My results indicate that most of the effects on consumption were driven by the income
effect, but the decline in protein availability cannot be ruled out as well. To investigate these
channels, I distinguish between consumption that is produced within the household and that
is purchased from markets. These two types of consumption might not be perfect substitutes

if the markets are imperfect. For instance, households may not be able to supply what they
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produce at the market price due to transaction costs, or the transportation costs might deter

the reallocation of supply from one area to the other.

Table 2.1: Effects of coral bleaching on consumption - geographic control group

(1) (2) (3) (4) (5) (6)
Non-food Total Food All protein Fish Fruit/Veg  Grain

A: Binary treatment

1(2000)*Fish -0.1407 -0.165 -0.4113***  -0.1634 -0.201* -0.1312
(0.1588) (0.1361) (0.129) (0.1344) (0.1181)  (0.1365)
I(2007)*Fish 0.225 0.0123 -0.1422 -0.254** 0.1909* 0.0824
(0.1486) (0.1186) (0.105) (0.1106) (0.1091)  (0.1179)
F-Test p-value 0.049 0.277 0.035 0.488 0.003 0.079
B: SST anomaly days
I(2000)*SST -0.0042*  -0.0047**  -0.0067***  -0.0041**  -0.0039**  -0.0036*
(0.0022) (0.0019) (0.002) (0.0021) (0.0018) (0.002)
I(2007)*SST 0.0029 0.0006 -0.0024 -0.0035** 0.0004 0.0003
(0.0019) (0.0015) (0.0015) (0.0015) (0.0014)  (0.0016)
F-Test p-value 0.0002 0.003 0.018 0.753 0.016 0.019
N 9464 9544 9544 9544 9544 9544
Mean dependent variable 3.271 2.82 2.168 1.522 1.979 2.088

Remarks: Panel A contains selected coefficients from equation (2.1), and panel B contains selected coefficients from
equation (1.2). Clustered standard errors are in parenthesis. *, ** *** denote statistically significance at 10%, 5%,
and 1%, respectively. F-test Hp : 2000 = B2007- All models include household head’s gender, age, and education
as control covariates. Wave, province and household fixed effects are included in all specifications. All consumption
measures are log of real consumption expenditures per household member.

The regression results in Tables 2.1-2.2 generally indicate that changes in overall con-
sumption mimic the income trend. Consumption measures explored here include non-food
consumption expenditure during the past 12 months, and detailed food consumption ex-
penditures during the past week. The non-food consumption measure consists of long-run
consumption on clothing, household supplies, medical costs, and others. Most consumption
measures in 2000 fell relative to the pre-bleaching level, but the changes in consumption in
2007 are mostly not statistically significant.

Among all consumption measures, the effect on protein consumption was the largest and
the most prolonged. The treatment coefficients for log protein consumption expenditure in
2000 are negative, large in magnitude, and statistically significant across all model specifi-
cations. The drop in total protein consumption in 2007 was weaker than the effect in 2000.
The 2007 coefficients for protein are all negative but smaller in magnitude than the 2000 co-

efficients. In addition, some of these estimates are not statistically significant. For example,
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Table 2.2: Effects of coral bleaching on consumption - fishery control group

(1) (2) (3) (4) (5) (6)
Non-food Total Food All protein Fish Fruit/Veg  Grain

A: Binary treatment

1(2000)*Bleach -0.3704 -0.3416 -0.5514***  _0.4088**  -0.2725 -0.1032
(0.247) (0.2076) (0.1912) (0.1954) (0.1721)  (0.1884)
1(2007)*Bleach 0.2868 0.0114 -0.2882* -0.2641 0.1356 0.0635
(0.2237) (0.1547) (0.157) (0.1762) (0.1386)  (0.1513)
F-Test p-value 0.004 0.076 0.137 0.441 0.013 0.331
B: SST anomaly days
1(2000)*SST -0.0059*  -0.0061** -0.0067**  -0.0061**  -0.0041*  -0.0031
(0.0032) (0.0028) (0.0027) (0.0027) (0.0024)  (0.0024)
1(2007)*SST 0.0028 0.001 -0.0029 -0.0026 -0.0007 0.0001
(0.0028) (0.0019) (0.002) (0.0022) (0.0017)  (0.0018)
F-Test p-value 0.0010 0.004 0.109 0.138 0.127 0.13
N 875 881 881 881 881 881
Mean dependent variable 2.705 2.396 1.874 1.617 1.653 1.875

Remarks: Panel A contains selected coeflicients from equation (2.1), and panel B contains selected coefficients from
equation (1.2). Clustered standard errors are in parenthesis. *, ** *** denote statistically significance at 10%, 5%,
and 1%, respectively. F-test Hp : 82000 = B2007- All models include household head’s gender, age, and education
as control covariates. Wave, province and household fixed effects are included in all specifications. All consumption
measures are log of real consumption expenditures per household member.

under the fishery control group specification, the coefficients for log total protein consump-
tion expenditure model are -0.5514 and -0.2882 for 2000 and 2007, respectively. This implies
that the affected households’ total protein consumption expenditure dropped by 42.4% in
2000 and 25% in 2007 relative to other fishery households’. Under the geographic control
group, the binary treatment coefficient in 2000 is -0.4113, but the 2007 coefficient is not
statistically significant. Detailed results on food consumption in Table 2.3 and Table A.2.2
in appendix A.2 further reveal that this significant fall in protein consumption was largely

driven by a substantial decline in consumption of eggs, dairy, and plant proteins.

In addition to a fall in protein consumption, the regression results also suggest that there
was a drop in total food, non-food, and fruit and vegetable consumption expenditures in 2000
but not in 2007, suggesting the possibility of long-run health effects. Grain consumption is
the only consumption measure that almost did not change with income. Most treatment
coefficients for grain consumption expenditures are not statistically significant. These results
suggest a substitution of grains for nutrient-rich food, and they imply that the affected

households’ nutrition intake might have fallen at least in 2000. This pattern is particularly
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troublesome when the affected households were in fishery, and their protein source was closely
tied with their income source. These households are constrained by both a decline in income
and a fall in fish stock whereas the control households faced only a possible reduction in fish

availability.

Since all of consumption measures here are log of consumption expenditures, the fall
in consumption could result from a decrease in price and/or a decrease in quantity. The
geographical control group specification controls for the price effect as people in the same
geographical area should have faced similar prices. Therefore, the estimates from these
specifications can be interpreted as the quantity effect. Additionally, since coral bleaching
was associated with a fish supply shock, price of protein should have had increased in coral
bleaching area. This implies that the estimates on protein consumption expenditure under

the fishery control group specifications would be the lower bound for the quantity effect.

The significant fall in protein consumption can be due to a couple of factors. First,
protein from fish became less available after coral bleaching as fish stock declined. Second,
protein and micronutrients are normal/luxury goods for households. Empirical evidence
suggests that both could be true. The former is true at least for a fall of fish stock available
for fishing, and to a lesser extent, a fall in fish available in markets. Relative sizes of the
estimates of income shock and fall in protein consumption imply about the latter. I can also
further explore these factors as the IFLS distinguishes between consumption that is produced
within the household and that is purchased from outside. Changes in fish consumption from
household production among the treated group and changes of overall fish consumption in the
treated area reflect availability of fish after coral bleaching. The treated group’s purchases of
other protein and nutrient-rich food given the income shock allow for a direct test of whether

these nutrients are a luxury good.

Columns 4 in Tables 2.1-2.2 suggest that the treated group’s fish consumption fell rel-
ative to both control groups’. This consumption measure contains consumption that came
from both household production and purchases, so this measure might not fully reflect the
availability of fish after coral bleaching in the affected area. Markets could have been effi-
cient enough to clear a supply shock that was limited to only some areas by reallocation of
supply. We can investigate the availability of fish protein by examining the treated group’s
consumption of their own catch. Columns 3 in the bottom panels of Tables 2.3 and A.2.2
illustrate the effects of coral bleaching on own catch consumption. The results indicate that

the own catch consumption fell in 2000 and 2007, albeit statistically insignificant estimates
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Table 2.3: Effects of coral bleaching on consumption purchases and consumption of household

production - fishery control

Purchases
(1) (2) (3) (4) (5) (6) (7)
Total food All protein Fish Meat ~ Other protein Fruit/veg  Grain
A: Binary treatment
2000*Bleach -0.2995 -0.5509***  -0.133 0.0775 -0.7439%** -0.3629**  -0.0796
(0.2029) (0.2068) (0.2512) (0.1878) (0.2078) (0.1803)  (0.2401)
2007*Bleach 0.1372 -0.1137 0.2543 0.1375 -0.1528 0.1625 0.1493
(0.1623) (0.155) (0.1948)  (0.1645) (0.1656) (0.1517)  (0.1854)
F-Test p-value 0.019 0.017 0.103 0.775 0.001 0.006 0.323
B: SST anomaly days
2000*SST -0.0054**  -0.0065**  -0.0004  0.0017 -0.0064** -0.0053**  -0.0037
(0.0027) (0.0028) (0.0035)  (0.0027) (0.003) (0.0025)  (0.0031)
2007*SST 0.002 -0.0021 0.001 0.0014 -0.0031 -0.001 0.0002
(0.0019) (0.0021) (0.0025) (0.0022) (0.0022) (0.0019)  (0.0023)
F-Test p-value 0.0020 0.076 0.665 0.933 0.201 0.092 0.187
N 881 881 881 881 881 881 881
Mean dep var 2.315 1.609 0.944 0.484 1.308 1.528 1.672
Household production
(1) (2) (3) (4) (5) (6) (7)
Total food All protein Fish Meat ~ Other protein  Fruit/veg  Grain
A: Binary treatment
1(2000)*Bleach -0.3307 -0.418* -0.3408  -0.1975* 0.049 -0.04 0.2272
(0.2189) (0.2342) (0.2187)  (0.1156) (0.1428) (0.1912) (0.18)
1(2007)*Bleach -0.2981 -0.3353* -0.3917* 0.0389 0.0832 -0.0859 -0.0176
(0.2097) (0.2011) (0.2082)  (0.0931) (0.1351) (0.1627)  (0.1596)
F-Test p-value 0.894 0.705 0.826 0.045 0.836 0.806 0.211
B: SST anomaly days
1(2000)*SST -0.0073*%*  -0.0077**  -0.0072**  -0.0016 0.0017 0.0013 0.0032
(0.0028) (0.0033) (0.003) (0.0015) (0.0019) (0.0027)  (0.0025)
1(2007)*SST -0.0023 -0.0046* -0.0031 -0.0003 -0.0005 0.0008 0.0021
(0.0026) (0.0026) (0.0026)  (0.0012) (0.0017) (0.0021)  (0.0022)
F-Test p-value 0.0800 0.274 0.16 0.458 0.319 0.851 0.672
N 881 881 881 881 881 881 881
Mean dep var 1.498 1.054 0.892 0.129 0.262 0.5 0.572

Remarks: Panel A contains selected coefficients from equation (2.1), and panel B contains selected coefficients from equation

(1.2).
respectively. F-test Ho : B2000 = [2007-

Clustered standard errors are in parenthesis.

ko okk skkok
) )

denote statistically significance at 10%, 5%, and 1%,
All models include household head’s gender, age, and education as control

covariates. Wave, province and household fixed effects are included in all specifications. Dependent variables are log of
purchased consumption expenditures and log of consumption of household production (expenditure-equivalent).
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in some model specifications. As the affected households were still in fishery and did not
change their labor supply in 2000, these findings imply that fish stock declined and that
protein from fish became less available at least in 2000. The drop in consumption of own
catch could have resulted from a substitution of household consumption for sales of fish, but
this substitution is incomplete as both the total fish consumption and household income fell.
The implications from the 2007 results are not as clear since the affected households might
have left fishery by 2007. The reduction in own catch consumption in 2007 could have also
stemmed from the fact that these households no longer fished.

The next question to ask is whether non-fishery households in coral bleaching area were
affected by this fish supply shock. Table 2.4 illustrates the differences in protein and other
food consumption among non-fishery households who live in the coral bleaching areas and
non-fishery households outside of coral bleaching areas. The results suggest a weak evidence
for a spillover of fish supply shock to non-fishery households who lived in the same areas.
Non-fishery households’ fish consumption did not statistically change in the coral bleaching
area relative to the control area. However, two reasons explain why there could have been a
fall in fish available to the geographical control group. First, the result in column 4 suggests
that there is an increase in meat consumption among non-fishery households in the coral
bleaching areas in 2000. These households that did not directly experience fish supply or
income shocks might have substituted meat for fish. If these households were to increase their
protein consumption, both meat and fish were equally available, and the income elasticities
for the two goods are similar, then the households would have increased both meat and
fish consumption. Second, consumption here is measured as expenditure, so the fact that
expenditure on fish consumption does not change could have stemmed from an increase in
price combined with a fall in consumption quantity.

Alternatively, the insignificant spillover effect on fish suggests that markets might have
allocated fish to coral bleaching areas, so that coral bleaching did not affect fish available
for purchase. However, this hypothesis can only be true under the model of low transporta-
tion costs and absence of other impediments to reallocation, such as poor transportation
infrastructure. In this case, both areas experienced similar prices and quantities, and market
mechanisms help alleviate the spillover effect of coral bleaching on fish availability to the
geographical control group.

All the empirical results so far imply that protein is a luxury good®. The estimates

5 An income elasticity of demand for a luxury good is greater than one
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Table 2.4: Effects of coral bleaching on consumption - spillover

(1) (2) (3) (1) (5) (6) (7)
Total Food All protein Fish Meat Other protein  Fruit/Veg  Grain
A: Binary treatment
I(2000)*Bleach -0.0197 0.0666 0.012 0.1718%+* -0.0608 0.0354 0.0483
(0.0566) (0.0552) (0.0509) (0.0557) (0.0568) (0.0481)  (0.0558)
1(2007)*Bleach 0.0448 0.0119 0.016 0.0309 -0.076 0.0402 0.0024
(0.0455) (0.0452) (0.042) (0.0494) (0.0478) (0.0403) (0.046)
F-Test p-value 0.15 0.2 0.924 0.005 0.723 0.904 0.313
B: SST anomaly days
I(2000)*SST -0.0008 0.0009 0.0007 0.0012%* 0.0013** 0.0009 0.0009
(0.0006) (0.0006) (0.0005) (0.0006) (0.0006) (0.0005)  (0.0006)
I(2007)*SST -0.0001 -0.0002 -0.0002  -0.0018*** 0.0003 0.0004 -0.0005
(0.0004) (0.0004) (0.0004) (0.0005) (0.0004) (0.0004)  (0.0004)
F-Test p-value 0.265 0.038 0.091 0 0.064 0.325 0.013
N 30363 30363 30363 30363 30363 30363 30363
Mean dependent variable 2.787 2.115 1.492 1.022 1.755 1.944 2.025

Remarks: Panel A contains selected coefficients from equation (2.1), and panel B contains selected coefficients from equation (1.2).
Clustered standard errors are in parenthesis. *, ** *** denote statistically significance at 10%, 5%, and 1%, respectively. F-test
Ho : B2000 = B2007- All models include household head’s gender, age, and education as control covariates. Wave, province and household
fixed effects are included in all specifications. Dependent variables are log of total consumption expenditures. Sample is all non-fishery

households.

for the percentage decline in protein consumption expenditure in 2000 are larger than the
comparable estimates for the income shock. As a result, the back of envelope calculation
yields an income elasticity of protein consumption expenditure that is greater than one.
For example, under the geographic control group and binary treatment specification, the
coefficient on 1(2000) * Fish in the log income model is -0.3236 (see Table 1.4), which
is equal to a decline in income of 27.65%. The coefficient on 7(2000) * F'ish in the log
protein consumption expenditure model is -0.4113 (see Table 2.1), or a 33.72% fall in protein
consumption expenditure. Then, the income elasticity of protein consumption expenditure
is equal to 1.22, indicating that protein consumption is a luxury good. Apart from the
implication on a large magtitude of a fall in protein consumption after the income shock,
this finding also implies that economic development might lead to a significant improvement
in nutrition and health outcomes. Moreover, cash transfer might be an effective policy to

mitigate the fall in protein consumption.

This elasticity estimate has one caveat-the consumption measure contains both house-

hold’s own productions and purchases. On one hand, households might view the two con-
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sumption types as equivalent as they might be able to sell their production output at the
market price. In this case, it is valid to consider the elasticity that is derived from overall
consumption expenditure. On the other hand, if households perceive purchased consumption
as different from self-produced consumption or if transaction costs prevent the households
from supplying their fish at a market price, then protein purchase will give a more direct
inference on the luxury good argument. Further evidence suggests that the latter might be

true.

Table 2.3 shows the regression results from models that distinguish between purchased
and produced consumption expenditures using the fishery control group. These results sug-
gest that households view the two consumption types as different. However, the coefficient
on 1(2000) x Fish for protein purchase is similar to the coefficient in the total protein con-

sumption expenditure model.

A closer look at the results on purchased and produced consumption also suggests that
changes in home-produced consumption are related to jobs and household productions. In
particular, the treatment group’s consumption of their own catch fell in both 2000 and
2007, but fish purchases did not statistically change. Also, the changes in consumption of
other household productions were mostly not statistically significant as shown in the lower
panel of Table 2.3. In contrast, changes in purchased consumption imitated the changes
in income. Bean/dairy products and fruit/vegetable purchased consumption fell in 2000 as
the households experienced the drop in income. In 2007, the changes in purchased protein
consumption were not statistically significant. This set of findings is also confirmed by the
results from the triple difference specifications (see Table A.2.3 in appendix A.2). The double
difference specifications using the geographical control group also yield similar results, but
with more significant negative coefficients on consumption of household production. One
reason for the stronger results is the geographical control group’s increase in consumption of
many household-produced goods relative to non-fishery households outside of coral bleaching

areas. Detailed results are included in appendix A.2.

The results on consumption also have some other interesting implications. The treated
households had to cut back on most consumption goods, including necessities such as food
and medical care. One plausible implication from this finding is that risk-sharing and savings
were minimal among these households. Another plausible explanation is that there had been
some risk-sharing mechanisms. However, the whole economy was impacted by coral bleaching

and/or the Asian Crisis, so the usual risk-sharing mechanisms were not feasible. The Asian
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Crisis has impacted everyone in the economy, so social safety nets and risk sharing were
already utilized in absence of coral bleaching. The interesting research question is then to
ask whether the existing social safety nets and risk sharing mechanisms would have been
sufficient had coral bleaching occurred at a different time period. These prospects shall be

explored in future work.

Robustness checks

In the same spirit as the robustness checks in the first chapter, I perform three robustness
checks to ensure the validity of the empirical results in this chapter. First, I estimate the
treatment effects using the triple-difference specification. Second, I follow the common prac-
tice in dealing with measurement error by instrumenting the binary treatment variable with
SST anomaly days. Finally, I impose a placebo treatment in the control area and show that
there were no differences between fishery and non-fishery households in the control area.
The triple difference models also confirm the finding on protein consumption. The esti-
mate for [y9g for protein is the largest in absolute term compared to other consumption. In
addition, (097 for protein is also negative and statistically significant. Other consumption
measures have negative treatment coefficients in 2000 but not 2007; however, most of these
coefficients are not statistically significant. This is plausibly due to the small size of the

treatment group relative to other groups, and hence, the small power.

Table 2.5: Effects of coral bleaching on consumption - triple differences

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

Non-food Total Food All protein Fish Fruit/Veg  Grain
I(2000)*Fish*Bleach -0.118 -0.1642 -0.5006***  -0.2637 -0.2506*  -0.1052

(0.2283) (0.1853) (0.1607) (0.1662) (0.147)  (0.1576)
I(2007)*Fish*Bleach 0.2803 0.0413 -0.2817*%%  -0.3426** 0.1246 0.0691

(0.2202) (0.1726) (0.1429) (0.1527) (0.1402)  (0.146)
F-Test p-value 0.024 0.188 0.069 0.533 0.003 0.133
N 30772 31244 31244 31244 31244 31244
Mean dependent variable 3.218 2.776 2.108 1.495 1.936 2.02

Remarks: Estimates based on (1.3). Clustered standard errors are in parenthesis. *, ** *** denote statistically
significance at 10%, 5%, and 1%, respectively. F-test Hg : 82000 = B2007- All models include household head’s gender,
age, and education as control covariates. Wave, province and household fixed effects are included in all specifications.
All consumption measures are log of real consumption per household member.

Table 2.6 exhibits the results from the IV approach. The IV framework yields similar
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results as the main specifications with some larger coefficients.

Table 2.6: Effects of coral bleaching on consumption - IV

(1) (2) 3) (4)
Non-food Total food Protein Food staples
2000*Bleach -0.6624*%*  -0.6933***  _0.6828*** -0.3833*
(0.2839) (0.253) (0.2442) (0.219)
2007*Bleach 0.4124* 0.2157 -0.2303 0.0569
(0.247) (0.1663) (0.179) (0.1653)
F-Test p-value 0.0002 0.0005 0.0521 0.0457
N 839 845 845 845
Mean dependent variable 2.681 2.379 1.875 1.874

Remarks: Clustered standard errors are in parenthesis. *, ** *** denote statistically sig-
nificance at 10%, 5%, and 1%, respectively. F-test Hg : B2000 = B2007. All models include
household head’s gender, age, and education as control covariates. Wave, province and house-
hold fixed effects are included in all specifications. All consumption measures are log of real
consumption per household member.

Table 2.7 contains results from the placebo treatment specification. In this specification,
the sample is all households in the control area, and the treatment group is households
that engaged in fishery in 1997. The results do not show any statistically significant differ-
ences between fishery and non-fishery households in absence of the direct exposure to coral

bleaching.

Table 2.7: Results from placebo treatment test

(1) (2) (3) (4)
Non-food Total food Protein Food staples
2000*Fish -0.0266 0.0028 0.1376 -0.0149
(0.2033) (0.1688) (0.1384) (0.1292)
2007*Fish -0.0906 -0.0472 0.0704 -0.0085
(0.1689) (0.1181) (0.0965) (0.0811)
F-Test p-value 0.6915 0.7153 0.6001 0.9611
N 21,308 21,700 21,700 21,700
Mean dependent variable 3.194 2.757 2.082 1.991

Remarks: Estimates based on (2.1). Clustered standard errors are in parenthesis. *,

*¥* | Fk* denote statistically significance at 10%, 5%, and 1%, respectively. F-test Hy :
52000 = B2007- All models include household head’s gender, age, and education as control
covariates. Wave, province and household fixed effects are included in all specifications.
All consumption measures are log of real consumption per household member. Sample is
all households in the control area.
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2.5 Policy Implications and Conclusion

This chapter examines the effects of coral bleaching on consumption. I find evidence for
a decline in almost every consumption measure with the largest negative effect on protein
consumption. Staple grain consumption is largely unaffected by changes in income. Further
investigation suggests that this decrease in consumption was largely driven by the income
shock, but the decline in fish availability might have also accounted for the fall in protein
consumption.

Coral bleaching is a climate shock that is brought about by abnormally high sea surface
temperature. Due to the slow recovery process of marine resources, the effects of coral
bleaching can be long-term. As the world climate changes, this kind of shocks could become
more common than before. Yet, little is known about how people in developing countries,
especially those in coastal communities, cope with these large and long-lasting shocks. The
findings in this chapter have a couple of implications for policies that could have people
smooth their consumption after such shocks.

First, some consumption categories, such as staple grains, were not responsive to changes
in income. On the other hand, consumption of nutrition-rich food was very sensitive to a
fall in income suggesting that households that experience an income shock might also receive
less nutrition relative to other households. As a result, policies on consumption smoothing
should consider both overall consumption amount and consumption composition.

Second, the results on protein and other nutrition-rich food indicate that income elas-
ticities for these goods are relatively large. For example, the income elasticity of protein
consumption expenditure is greater than one implying that protein consumption is a luxury
good. Consequently, cash transfer might be an effective policy device for smoothing nutrition
intakes.

Finally, a large drop in consumption after an idiosyncratic shock implies that risk sharing
among these communities might not be perfect. Policies on social safety nets and risk sharing
mechanisms might be helpful and sustainable in the long run. This aspect shall be explored

in future works.
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Chapter 3

BEYOND THE SEA: SPILLOVER EFFECTS OF CORAL
BLEACHING TO NON-FISHERY SECTORS

Abstract

Coral bleaching has large adverse impacts on the Indonesian fishery sector. Fishery
households in the affected areas experienced a large fall in income and responded to this
income shock by increasing migration and labor supply. These changes could have affected
non-fishery households who lived in the same area. I estimate these spillover effects and show
that the adverse effects of coral bleaching were not limited to those who are directly affected.
Compared to non-fishery households in other areas, non-fishery households in coral bleaching
area had a lower likelihood to earn positive income. Evidence suggests that these changes
in income were driven by a decline in labor supply in coral bleaching areas. This income

change was not associated with a fall in consumption in most consumption categories.

3.1 Introduction

It is quite common for economic shocks, programs, and policies to affect people who were
not directly exposed to such events. The economic literature provides extensive grounds for
spillovers of numerous positive and negative shocks, but spillovers and general equilibrium
effects of the future climate change are less known. Direct effects of climate change can be
estimated based on historical data, then the impact of future climate change is extrapolated
using projected climate conditions. However, it is challenging to accurately extrapolate the
spillover effects to other sectors because the historical variations in temperature and rainfall
are quite small compared to the future estimated changes. This paper offers a unique setting
to explore the spillover effects of a large historical shock based on micro data, so we could
get a better grasp of the overall impacts of the future climate change.

Coral bleaching has large effects on the fishery sector, but its overall effects are far beyond
that. The goal of this paper is to estimate spillover effects of coral bleaching to other sectors.

According to the previous chapters, coral bleaching in 1998 resulted in a 27% fall in income
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and a 34% fall in protein consumption among the affected fishery households in the short run.
As fishery is a small portion of the Indonesian formal economy as measured by GDP, but
fish is the most common protein source for the country, it is natural to ask whether a shock
to the fish stock has impacts on other households that did not directly engage in fishery. In
a macroeconomic sense, an income shock to parts of the economy can affect other sectors
as the whole economy is interconnected. First, a fall in income among some households
is associated with a fall in demand for good and services. Second, the demand for labor
could also decline as a result of either less favorable fishing conditions or reduced demand
for goods and services. Third, changes in labor-related outcomes among the affected fishery
households, such as industry switching, might have affected other households in the same
area. Fourth, the decline in fish stock might have caused a shock to fish supply which could
affect everyone in the economy. Moreover, the processing sector might have experienced

reduced businesses due to these shocks to the fish stock and the fishery sector.

Nonetheless, there are ways through which localized, idiosyncratic shocks can be mit-
igated. Efficient markets could reallocate resources and smooth out shocks on goods and
services. Risk sharing and safety nets might help alleviate the effects of localized income

shocks [e.g. Townsend, 1994]. Some of these aspects shall be investigated in this chapter.

Similar to the empirical study in the first two chapters, the spillover effects of coral
bleaching are empirically tested using the Indonesian Family Life Survey (IFLS). I estimate
the spillover effects to non-fishery sectors in terms of income, labor-related outcomes, and
consumption. As coral bleaching was reported only for some of the IFLS provinces, I can
compare non-fishery households in areas with coral bleaching to non-fishery households in
other areas. However, there are a couple of empirical issues in identifying these spillover
effects. First, coral bleaching might have directly affected non-fishery sectors such as tourism.
This is not a particular concern if one’s goal is to determine the overall impacts of coral
bleaching, regardless of whether they are direct or indirect. Second, El Nino, the main
cause of Coral Bleaching, affects weather patterns and might impact agricultural and living
conditions. In this chapter, I first shut down some spurious channels and estimate the net
spillover effects due to indirect exposure to coral bleaching. Then, I point out the possible
direct effects on the tourism sector and show that the net spillover effects are robust to

different measures of rainfall.

The empirical results suggest that there were effects of coral bleaching on non-fishery

households in terms of labor outcomes, and to a lesser extent, consumption. Non-fishery
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households in coral bleaching areas cut down on their labor supply after coral bleaching, and
this fall in labor supply was associated with an decrease in the likelihood to have positive
income. Conditioning on earning positive income, weak evidence suggests that households in
coral bleaching areas earned less income relative to household in other areas only in the long
run. The models on consumption suggest that there were no spillover effects as measured
by most total consumption expenditures. However, there is an evidence for a substitution
of goods for sale for consumption goods because home-grown food consumption increased

while agricultural income fell.

In addition to the climate shock interpretation, the spillover effects in this paper can also
be interpreted as spillovers of a long-lasting income shock because the coral bleaching event
associated with this decline in income is exogenous to household behaviors. The massive
coral bleaching event in 1998 was mainly caused by a severe El Nifo, a natural shift in
tropical weather, and evidence suggests that marine resources take at least 5-10 years to

recover from this kind of events.

This paper is related to two strands of the economic literature. First, it contributes
to the climate change literature by providing a micro-level evidence that effects of climate
change are not limited to those who are directly affected such as the agricultural or the
fishery sectors. Rather, interactions within the economy can lead to adverse effects on those
that are not directly affected. The existing literature on the spillovers of an increase in
temperatures is sparse and is mostly based on macro data. For example, a macro-level study
by Dell et al. [2012] postulates that one of the reasons that a temperature shock could lead
to shocks to industrial output growth is through the spillover from the negative impacts on
agricultural output. Some macro analyses also investigate the spatial spillover of climate
change through trade. For example, Jones and Olken [2010] find that effects of local weather

shocks can have spillover effects to trading partners through exports.

Other related works in environmental economics deal with spillovers of natural disasters,
which can usually be interpreted as spillovers of shocks. This leads us to the second strand
of relevant literature, the studies of shocks. Similar shocks to coral bleaching include natural
disasters, and other long-term income shocks such as a negative income shock from a health
condition or a positive income shock from a long-term development program. In the literature
related to natural disasters, the output decline due to natural disasters such as earthquakes
and cyclones can be contributed to both directly-affected sectors and other sectors. For

example, Zylberberg [2012] found that a $1 direct loss from cyclones is associated with 40
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cents of output losses from reduced economic activities.

The remaining of this chapter proceeds as follows. Section 2 describes coral bleaching
and its primary cause, the El Nino-Southern Oscillation (ENSO), as well as how they impact
humans. Section 3 discusses empirical strategies, including data and methodology. Section

4 presents empirical results. Section 5 concludes and discusses some policy implications.

3.2 ENSO, Coral bleaching, and Human

Coral bleaching is a natural phenomenon in which coral reefs turn white due to abnormally
high sea surface temperature (SST). When SST is too high, corals release symbiotic algae
which photosynthesize and feed the corals [Brown, 1997]. If the temperature anomaly is
temporary, corals can usually recover, regain their colors, and survive. On the other hand,
if the anomaly persists, corals usually die [Wilkinson and Hodgson, 1999, Hoegh-Guldberg,
1999], and it can take many years for the reef to recover. The recovery process would involve
new coral larvae or polyps settling in the existing reef structure; then the corals regrow,
usually at a very slow rate![Barnes and Hughes, 1999, Veron and Stafford-Smith, 2000].

Corals are at the bottom of the food chain in the ocean, and the reefs are a habitat
for a vast number of species. Hence, weakening coral reefs can result in a deteriorated fish
stock [Pratchett et al., 2008]. Scientific evidence suggests that coral bleaching adversely
impacts the fish stock with the severity varying by species and locations®. In general, coral
reef exhaustion results in a fall in abundance of coral reef species within three years after
coral bleaching. Coral bleaching can also affect other non-reef species through ecological
relationships. In the long run, fish composition changes, and overall abundance and diversity
fall [van Oppen and Lough, 2008].

These negative effects of coral bleaching on marine species can translate into adverse
impacts on humans. In the first two chapters, I found the negative effects of the massive
coral bleaching in 1998 on income, labor-related outcomes, and consumption among the
Indonesian fishery households in 2000. These effects two years after coral bleaching were

mostly interpreted as the short run effects of coral bleaching because the effects on fish stock

IThe rate of growth ranges between less than one inch to four inches per year, depending on species

[NOAA].

2For example, Garpe et al. [2006] found that total abundance and taxonomic richness of species increased

right after coral bleaching in Tanzania, but both measures significantly declined below the initial level six
years after the bleaching. Booth and Beretta [2002] found a lower recruitment of fish at bleached southern
Great Barrier Reef sites relative to unbleached sites one year after the bleaching.
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take time to manifest, and marine resource recovery happens rather slowly. The scientific
literature indicates that recovery from coral bleaching can take at least five years provided
that the coral reefs are not permanently ruined [e.g. Graham et al., 2007, Wilkinson and
Hodgson, 1999].%

In addition to fishery, coral bleaching could impact humans via other channels. First,
bleached corals are less attractive, so coral bleaching might have negative effects on tourism
and related economic activities. These effects usually materialize immediately after corals
lose their colors. Second, coral reefs play a crucial role in land preservation; consequently,
deteriorated coral reefs might lead to land erosion. Among the three direct channels, land
erosion happens at the slowest rate. It usually starts after corals are dead, and the reef

structure is destroyed.

The estimation of coral bleaching spillover effects can be confounded by the effects of
El Nino on non-fishery sectors. The main cause of coral bleaching in 1998, El Nino, might
have impacted other sectors, such as agriculture, as it resulted in unusual weather patterns.
Specifically, El Nino is a phase of El Nino-Southern Oscillation (ENSO), which is a fluctuating
cycle in ocean temperatures in equatorial Pacific. A typical ENSO cycle usually consists of
El Nino, neutral years, and La Nina. During the last couple of decades, El Nino years include
1991-2, 1997-98, 2002-3, 2009-10, and 2015-6; La Nina years include 1998-9, 1999-00, 2007-
8, and 2010-11. Throughout the El Nino and La Nina periods, temperature and rainfall
patterns in the Pacific ocean and coastal areas deviate from their usuals. For Indonesia, El
Nino is associated with high ocean temperatures and droughts while La Nina usually leads to
early wet seasons and abnormally high rainfalls. These unusual weather patterns have direct
short-term effects on agriculture. Reduced or delayed rainfall during the El Nino years can
lead to delayed planting, reduced cultivation, and low crop yields [Kishore et al., 2000]. The
early wet seasons during the La Nina periods may allow for a second cultivation, but there
is also an anecdotal evidence for bad harvesting conditions due to excess rainfall in 2010-11.

In addition to rainfall anomalies, droughts during the El Nino phase increase the risk of
forest fires which could indirectly affect agriculture. During the 1997-8 El Nifo, Indonesia

experienced one of the most severe forest fires worldwide. Most of the burned areas were

3For example, in Seychelles in 2005, coral reefs did not completely recover, and fish reproduction was
minimal [Graham et al., 2007]. Graham et al. [2015] conducted a follow-up study at the same sites in 2011
and found that 9 out of 21 reef sites were permanently ruined while 11 out of 21 reef sites recovered. Note
that the evidence for recovery after coral bleaching in 1998 is quite sparse due to the lack of pre-bleaching
data. This is because the event was the first one to be widely documented.
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in Sumatra, Kalimantan, and West Papua. Forest fires might increase the amount of land
available for agriculture and improve soil condition, or it could destroy the current agricul-
tural land. The ambiguity and the long-run nature of the effects of forest fires on agriculture
could confound our empirical estimates, and we will discuss the empirical strategies to deal

with this issue in the next section.

3.3 Empirical Framework

3.3.1 Data

Similar to the data in the previous chapters, data in this chapter come from three main
sources: household data from the IFLS, reported coral bleaching spots from Goreau et al.
[2000], and SST data from remote sensing maps. The IFSL is a panel that covers a represen-
tative sample of the Indonesian population. It started with 7,224 households in 1993, and
these households, together with their spilt-offs, were resurveyed in 1997, 2000, and 2007. The
IFLS contains detailed information on labor market history, consumption, socioeconomic and
demographic status, and so on. One attractive feature of the IFLS is the low attrition rate.
This is important as migration is among our outcomes of interests. The recontact rate in
2007 among the original 1993 IFLS households is 93.6%, and this rate is 95.8% among fish-
ery households. A simple test where a dummy indicator for failure to contact a household
is regressed on all regressors in the main model indicates that attrition is not statistically
different between the treated and the control groups.

The IFLS is then merged with two measures of coral bleaching, reported coral bleaching
spots and SST anomaly days. The reported spots come from Goreau et al. [2000], a paper
that gathers reef data from long-term observers. The experience of these long-term observers
ensures that the spots reported were truly coral bleaching spots, not damages caused by other
factors. However, reported data suffer from under-reporting as the network of observers
might not be comprehensive.

To assure that under-reporting is not an identification threat, I used another comprehen-
sive measure of coral bleaching, SST anomaly days, and showed that it led to similar results
as reported coral bleaching spots in the previous chapters. In this chapter, I only use SST
anomaly days in specifications that require a proxy for coral bleaching severity. Using SST
anomaly days as a proxy for coral bleaching follows from a popular scientific model where

coral bleaching is associated with an exposure to SST that is higher than 1 degree Cel-
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sius above the normal summer average for at least 3-4 week [Hoegh-Guldberg, 1999]. The
National Oceanic and Atmospheric Administration (NOAA) has been using days of SST
anomaly to predict coral bleaching since the 1990’s and it was successful in predicting mas-
sive bleaching events shortly before they happened [Hoegh-Guldberg, 1999]. In addition, the
scientific literature suggests that the longer the corals are exposed to the high temperature,
the higher the risk of coral mortality is.

The SST anomaly days in this chapter is also constructed based on satellite images from
NOAA. These images are available every 1-7 days during the first six months of 1998. The
calculation is done for each coastal area, defined as one ocean coastline in one province.*

The SST anomaly days is then merged with the household data at the coastal area level.

3.3.2  Methodology

The goal of this study is to identify the spillover effects of coral bleaching to non-fishery
households that lived in coral bleaching areas. In addition to the interpretation as spillovers
of a climate shock, the spillover effects here can also be interpreted as a spillover of an income
shock because coral bleaching is exogenous to household behaviors. The 1998 coral bleaching
event was mainly caused by El Nino; hence, it was beyond human control. Moreover, typical
households should have not expected coral bleaching to occur; even scientists could only
predict the 1998 coral bleaching just only days in advance [Hoegh-Guldberg, 1999].

The main identification strategy is based on a difference-in-difference framework where
the treatment effect is allowed to vary by post-treatment periods. The sample is households
that did not engaged in fishery in 1997. Non-fishery households in areas with coral bleaching
are compared against non-fishery households in unaffected areas. This specification allows us
to examine whether households outside of fishery are different due to their different exposures
to coral bleaching and the communities that were affected by coral bleaching.

Let Y}, denote a dependent variable of interest, then the main estimating equation can

be written as

Yy = a+6,Treaty, + 09 Post; + Z B-I(wave = 1) x Treat,+ X, v+ pn+ N +eén, (3.1)
7=2000,2007

4The exception is an area that covers Bali and West Nusa Tengara where the two provinces are combined
into one coastal area because they are small islands in one area with similar SST.
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where h is a subscript for household and ¢ is a subscript for time. Treat; is equal to 1
for households that lived in areas with reported coral bleaching spots in Goreau et al. [2000].
I(wave = 7) is an indicator function for each of the post-coral bleaching periods. Xj; is a
vector of control covariates which include a set of dummy variables for provinces of residence
in 1997, and household head’s demographic characteristics such as age and education. This
model also includes household fixed effects, uy, and wave fixed effects, ;. For these reasons,
01 and 0y are not identified.

The identification concerns in this chapter include 1. non-parallel pre-trends in outcomes,
2. possible confounding factors due to ENSO, and 3. direct effects of coral bleaching on non-
fishery sectors. Table 3.1 shows summary statistics of key variables by treatment areas
based on the 1997 wave of data. These statistics indicate that there were differences between
non-fishery households in and outside of coral bleaching areas, mostly in terms of labor
supply, before coral bleaching. Households in coral bleaching areas worked more, as measure
by number of jobs and working time, compared to those in areas without coral bleaching.
Similar to the identification concerns in the previous chapters, these differences prior to the
treatment are not an identification concern as long as trends in outcomes are similar between
the two groups prior to coral bleaching. Figure 3.1 illustrates means of log of income for

non-fishery households in and outside of coral bleaching areas over time.’

Even though
the difference in income in 1993 appears to be larger than the differences in other years,
this difference is not statistically significant conditioning on the control covariates and fixed
effects in (3.1).

The second concern involves possible confounding factors. First, ENSO, the main cause
of massive coral bleaching, is correlated with rainfall and other agricultural conditions. SST
is highly correlated with land surface temperature, so the SST anomaly measure of coral
bleaching, and to a lesser extent coral bleaching spots, might be correlated with agricultural
and living conditions that vary with geographic locations and different phases of ENSO. Due
to the fluctuating and short-term nature of rainfall variations due to ENSO, the overall direct
effects of El Nino on the agricultural sector cannot be estimated using the time frame for
coral bleaching. A particular El Nino event only causes one or two years of abnormally low
rainfall, then neutral and La Nina years follow. The usual timing of the IFLS data collection
is from the end of the dry season to the beginning of the wet season, so agricultural profit

in the data reflects the agricultural condition during the previous year’s planting season.

5Graphs for other outcomes are available upon request.
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Table 3.1: Summary statistics by treatment area, 1997 wave

Coral bleaching Control Area

Mean SD Mean SD p-value
HH head’s age 49.0 33.7 47.7 24.4 0.084
Male HH head 0.80 0.40 0.82 0.39 0.222
SST days 41.0 36.2 7.7 20.0 0.000
Real HH income 1,884,484 7,467,620 2,071,007 4,410,762  0.228
Second jobs 0.36 0.60 0.19 0.45 0.000
Working weeks 32.85 21.16 27.22 18.06 0.000
Working hours 27.62 18.85 25.89 18.59 0.000
Total food consn 8,324 17,927 9,035 17,357 0.116
Protein consn 2,096 5,815 2,351 7,612 0.168

Remarks: p-values from unpaired t-tests for difference in means between the treated and control
areas.

Figure 3.1: Trends in log(real household income per worker) among non-fishery household
in and outside of coral bleaching areas

1990 1995 2000 2005 2010
Wwave

-——+-—- control area ———— treated area
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The IFLS 1997 captured the farm profit in 1996, prior to the 1997-98 El Nino, while the
agricultural outcomes observed in 2000 were caused by a subsequent mild La Nina event.
On the other hand, 2000 is considered the short run for the impacts of coral bleaching and
El Nino on the fishery sector as shocks to marine resources take time to manifest. Similarly,
even though 2007 is interpreted as the long run for the impacts on marine resources, 2007
corresponds to another round of La Nina for agriculture. The estimating equation (3.1)
compares the effects in 2000 and 2007 to the average outcome in 1993 and 1997. Because
1992 was a mild El Nino year, 1996 was a neutral year, and 1999 and 2006 were neutral
to mild La Nina years, the empirical model compares the outcomes in weak La Nina years
to the average outcomes in weak El Nifio/neutral years. These different phases of ENSO
might have caused inferior agricultural conditions in the coral bleaching areas relative to
other areas after coral bleaching. Specifically, rainfall east of Sumatra Island was delayed for
about one month in 2006.° Additionally, the eastern part of Indonesia experienced unusually
high rainfall during the harvest season in 2000. However, these patterns were induced by
ENSO, rather than the 1997-98 El Nino.

To ensure that the spillover effects are not driven by different variations in rainfall due to
ENSO across different areas, I control for short-term rainfall variations in one of robustness
checks and show that the spillover effects are similar to those in the main specifications.

Even though the effects of rainfalls are short-run, forest fires during El Nino years can
have long-term effects on the agricultural sector, and the time frame can be similar to the
coral bleaching time frame. However, the scientific literature on direct effects of forest fires on
agriculture is sparse, and there is no clear indication for either a positive or a negative effect.
These effects should be controlled for in specifications with province fixed effects under the
assumption that the effects of forest fires are constant overtime. However, it is possible that
the effects of forest fires were mitigated overtime, so I exclude provinces with reported forest
fires from the main specifications. I also include these provinces as a robustness check and
show that the main results are not sensitive to omitting these areas.

The third empirical challenge lies within disentangling direct effects of coral bleaching
on non-fishery sectors from the spillover effects. Investigating the direct effects of coral
bleaching on tourism is not straightforward because the occupation code in the IFLS does
not explicitly outline the tourism sector. As a result, I omit provinces with famous beaches

and diving spots, Bali and West Nusa Tengara, from the main specifications, so the estimates

6See figure 1.3 for the distribution of coral bleaching spots across islands
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from these specifications can be interpreted as pure spillover effects.

I also directly examine effects of coral bleaching on tourism by testing if the effects are
larger in provinces with famous beaches and recreational diving spots. In this case, the
two provinces are added back to the sample. Those areas were also exposed to severe coral
bleaching, so I use SST anomaly days as a treatment specification to capture the difference in
bleaching severity. I then add interaction terms between the treatment terms and a dummy
indicator for 1997 provinces of residence in Bali or West Nusa Tengara. This specification is

given by

Y =a + 0:5STdaysy, + o Post; + Z B I (wave = 1) * SSTdays;,~+

7=00,07

Z n. I (wave = 7) x* SSTdaysy, * Toury, + X, + pn + A\ + €ne, (3.2)
7=00,07

where Toury, is equal to one if household A lived in Bali or West Nusa Tengara in 1997.
We can then imply about the direct effects of coral bleaching on the tourism sector by
multiplying (5, in this specification by the mean SSTdays in the positive SST group and

comparing them to those in (3.1).

3.4 Empirical Results

I find evidence for spillover effects of coral bleaching to non-fishery households that lived in
coral bleaching areas. The spillover was most apparent in labor market outcomes, and it was

also detectable in terms of income and consumption changes.

3.4.1  Labor market outcomes

There are a couple of channels through which coral bleaching and a shock to the fishery
sector can affect the overall labor market. First, deterioration of coral reefs and fish stock
might affect marginal product of labor in fishery and other related sectors. Second, shocks
to fishery might have resulted in a fall in labor demand in other closely-related sectors, such
as the processing sector. Third, reduced demand from good and services from the income
shock in the fishery sector might have led to a fall in labor demand. Finally, coral bleaching
resulted in industry switching and migration among fishery households, and these changes

can impact other households in non-fishery labor markets.
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Table 3.2 shows regression results from models with a sample that contains all non-
fishery households in areas without substantial tourism or forest fires. The result in column
1 suggests that non-fishery households’ marginal product of labor as measured by log of
wages per wage earner did not statistically change after coral bleaching. This finding makes
intuitive sense as coral bleaching should not affect the marginal product of labor in sectors
that are not directly related to the ocean in absence of industry switching and the subsequent
changes in labor skills.”

The results in columns 2-6 of table 3.2 exhibit the spillover effects in terms of labor
supply. They indicate that coral bleaching negatively affects non-fishery labor supply both
at the intensive and extensive margins. At the intensive margin, non-fishery households in
coral bleaching areas, on average, worked 2.45 fewer weeks per worker-year relative to those
outside of coral bleaching areas in 2000. The spillover effects in terms of working hours is not
statistically detectable. At the extensive margin, households that were indirectly exposed to
coral bleaching had fewer members with formal employment compared to those in the control
area only in 2000. Nonetheless, the effect on the total number of workers, including both
formal and informal employment, is not statistically significant. This fall in labor supply
can be due to a fall in labor demand in sector closely related to fishery or from the reduced
demand for goods and services.

Taken together, the results on labor-related outcomes indicate no significant changes in
marginal product of labor among those who were indirectly exposed to coral bleaching, but
the non-fishery labor market seemed to experienced a fall in labor demand in 2000. Without
a fall in labor demand, it is unlikely that we observed a fall in labor supplied by non-fishery
households. It is possible that fishery households supplied their labor in the non-fishery labor
market, but it is also unlikely because we did not observe a lower likelihood to be in fishery
in 2000 in the first chapter.

The result in column 7 of Table 3.2 indicates that non-fishery households in areas with
coral bleaching were less likely to engage in fishery in 2000 compared to the households in
unaffected areas. Similar to the findings in the first chapter, this implies that coral bleaching
might have adversely affected fishing conditions, and this effect is larger in the short run

relative to the long run. This result also serves as another evidence for fish stock recovery

"Since the non-fishery status is defined based on occupation prior to coral bleaching, the sample in this
model does not contain households that used to be in fishery but switched to other industries after coral
bleaching. Moreover, the results from chapter 1 suggest that the affected fishery households did not switch
to a new sector until 2007.
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over time.

Table 3.3 exhibits the spillovers effects of coral bleaching in terms of total household
income and farm profit. The decrease in labor supply in coral bleaching areas is associated
with a decrease in the likelihood to have positive total household income in these areas as
shown in column 1. Among households that earned positive income, there was no statistical

difference in income between those in and outside of coral bleaching areas.

Table 3.3: Spillovers of coral bleaching to non-fishery households—income

(1) (2) (3) (4)

Pos income log(income) Farm business log(farm profit)

2000*Bleach -0.0621%** -0.0085 -0.0474%** -0.0208
(0.0133) (0.1078) (0.0166) (0.1)
2007*Bleach -0.0529%#* -0.1956 -0.0629*** -0.2045%*
(0.0135) (0.1435) (0.0199) (0.1118)
F-Test p-value 0.3350 0.1238 0.3818 0.1001
N 24,271 20,536 24,269 7,561
Cluster N 9,048 8,562 9,047 3,481
Mean dependent variable 0.895 13.899 0.348 13.452

Remarks: This table contains 87 from (3.1). Clustered standard errors are in parenthesis. *, ** *** denote statistically
significance at 10%, 5%, and 1%, respectively. F-test Hg : B2000 = B2007- Sample is all non-fishery households
in the IFLS, except those in provinces with reported forest fires in 1997 (West Sumatra, South Sumatra, and West
Kalimantan), and those with substantial tourism (Bali and West Nusa). All models include household head’s gender,
age, and education as control covariates. Wave, province and household fixed effects are included in all specifications.
Dependent variables are a dummy indicator for positive household income, log of real household income per worker, a
dummy indicator for the presence of farm business, and log of farm profit. Samples in columns 2 and 4 include only
households with positive income/farm profit.

In general, these observed effects on labor supply and income could have resulted from a
couple of channels. First, it can be spillover effects from the fishery sector to other closely
related sectors, such as the processing sector, or the whole economy. For instance, a decrease
in income among the fishery households leads to a fall in their consumption, and hence,
a reduction in income to other households who supply goods and services to the affected
households. Second, these effects are not a spillover of coral bleaching, but they are other
effects of El Nino/La Nina on non-fishery sectors such as agriculture. Finally, parts of these
effects could be direct effects of coral bleaching on other non-fishery sectors such as tourism.

To investigate coral bleaching spillover to other sectors, I add the interactions between
treatment variables and dummy variables for food processing sector, and for shop keepers

and salespersons to the original specifications. The results in table 3.4 indicate no statistical
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differences between households in food processing/trade and other non-fishery households.
These results suggest that the spillover effects are quite homogeneous across the sample. Yet,
one caveat of this finding is insufficient power due to the small size of the food processing

sector in the sample.

Table 3.4: Spillovers of coral bleaching to non-fishery households-interactions with sectors

(1) (2) (3) (4) (5) (6)
Work hours Work weeks Second jobs Fishermen Pos income log(income)
2000*Bleach -0.593 -2.696** -0.00609 -0.0123**  -0.0573%** 0.00425
(1.041) (0.955) (0.0248) (0.00499) (0.0143) (0.0645)
2007*Bleach -0.425 -0.812 0.0295 -0.00180  -0.0529%** -0.114
(1.390) (1.155) (0.0268) (0.00822) (0.0143) (0.0724)
2000*Bleach*Sale -1.073 -0.704 0.0135 0.00134 -0.0125 0.0258
(1.216) (1.059) (0.0278) (0.00411) (0.0143) (0.0668)
2007*Bleach*Sale -0.200 -1.069 -0.0345 0.00189 -0.00860 -0.00146
(1.667) (1.466) (0.0352) (0.00766) (0.0148) (0.0872)
2000*Bleach*Process -1.654 0.604 0.0209 0.00608 -0.0321 0.0386
(2.097) (2.128) (0.0588) (0.00760) (0.0269) (0.134)
2007*Bleach*Process 0.934 0.738 0.0307 -0.0103 0.0135 -0.0420
(3.200) (3.321) (0.0912) (0.0156) (0.0349) (0.233)
N 24236 24323 24361 24358 24271 20237
N (HH) 9021 9056 9064 9063 9048 8523

Remarks: This table contains 8 from (3.1) as well as the coefficients on the interactions between the treatment terms and dummy
indicators for processing and trade sectors. Clustered standard errors are in parenthesis. *, ** *** denote statistically significance at
10%, 5%, and 1%, respectively. F-test Hg : 82000 = 82007 Sample is all non-fishery households in the IFLS, except those in provinces
with reported forest fires in 1997 (West Sumatra, South Sumatra, and West Kalimantan), and those with substantial tourism (Bali
and West Nusa). All models include household head’s gender, age, and education as control covariates. Wave, province and household
fixed effects are included in all specifications. Dependent variables are working hours per week per worker, working weeks per year
per worker, the number of household members with secondary jobs, the number of fishermen in HH, a dummy indicator for positive
household income, and log of real household income per worker. The sample in column 6 includes only households with positive income.

To evaluate whether effects of El Nifio on non-fishery sector drive the results from the
main specifications, I explore spillovers in the agricultural sector, a large sector that is most
likely to be directly affected by weather conditions. The results on farming show a very
weak evidence for poorer agriculture conditions in the coral bleaching areas relative to the
unaffected areas in 2000 and 2007. Columns 3-4 in table 3.3 illustrate that non-fishery
households in coral bleaching areas farmed less and had lower farm income relative to other

non-fishery households. After coral bleaching, households in coral bleaching areas were 4-6
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percentage points less likely to engage in a farm business. Among those who earned positive
farm profit, households in coral bleaching areas earned 20.5% less farm income relative to
those outside of coral bleaching areas in 2007. Nonetheless, these results cannot be directly
interpreted as the effects of El Nino because the effect of the 1997 El Nino on rainfall should
not have lasted into 2000 or 2007. To formally check whether rainfall, either transitory or
in 1997, drives these spillover effects in agriculture, I add rainfall deviations to the main
specifications and show that the results remain similar to those in tables 3.2 and 3.3 (see
table 3.9). However, transitory rainfall deviations seem to have effects on income and farm
profit. After controlling for rainfall, the difference in these two outcomes between coral

bleaching and other areas are not statistically significant.

Additionally, these effects on agriculture were not driven by the long-term effects of forest
fires during the 1997 EI Nino as provinces with reported forest fires in 1997 were omitted
from the sample. Moreover, similar results can be obtained when provinces with forest fires

are included in the sample as one of the robustness checks (see table 3.8).

A plausible scenario is the one where consumption substitution and sectoral shifts within
coral bleaching areas affect income and farm profit. In the former scenario, the fall in farm
income could have resulted from a substitution of goods between sale and household con-
sumption. This model is supported by an increase in consumption of home-grown produce,
grains, and protein. In addition, the result on the fallen likelihood of farming could stem
simply from sectoral shifts within coral bleaching areas. Compared to non-fishery households
in coral bleaching areas and fishery households in unaffected areas, the fishery households
in coral bleaching areas were more likely to have a farm business both in 2000 and 2007.
Moreover, the non-fishery households tend to shift to other sectors such as becoming sales-

men/shop assistant.

Table 3.5 contains key estimates from (3.2) and provides some evidence for direct effects of
coral bleaching on the tourism sectors. The results indicate that the effects on labor outcomes
and income are larger in magnitude in areas with substantial tourism than in other coral
bleaching areas. Specifically, when multiplying the coefficients by mean of SST anomaly days
calculated based on the non-zero SST days sample, the magnitudes of the overall changes
calculated based on the terms 1(2000)*.SSTdays, and 1(2007)*SSTdays are mostly smaller
than the corresponding coefficients in tables 3.2-3.3. In addition, a number of coefficients
on the interaction terms in table 3.5 are statistically significant and relatively large in size.

This implies that there could be direct effects of coral bleaching on the tourism sector; hence,



67

areas with substantial tourism are excluded from the main specifications. Nonetheless, the
possibility of these direct effects and the imperfect measure of tourism do not hinder the
validity of the specifications based on (3.1) if the ultimate goal is to examine the general
equilibrium effects of coral bleaching. Additionally, if coral bleaching had direct effects on
the tourism sectors, then the large effects of coral bleaching estimated using the area control
group in the first chapter could, if anything, have been underestimated. This aspect shall be
further investigated using a dataset where the tourism sector can be properly identified.
These spillover effects can be mitigated in a couple of ways. For example, social safety
nets might play a role in smoothing household income, and trade and labor mobility might
help smooth shocks in labor market as well as good and services markets. To investigate if
trade and labor mobility might have taken parts in smoothing labor market and fish supply
shocks, T estimate (3.1) using only households in remote areas®

the estimates with those in tables 3.2-3.3.

as a sample, and compare

Figure 3.2 compares spillover coefficients between remote area samples and the baseline
sample. The two remote area samples include 1. the communities that are considered remote
in all four waves of data, and 2. those that are considered remote in at least three waves
of data. The former definition of remote areas is more consistent across all waves of data,
but these areas do not contain any fishery households that were exposed to coral bleaching,
as defined by reported bleaching spots. The latter definition of remote areas consists of all
treatment and control groups, but some communities might not be remote in all waves of
data. In general, the confidence intervals for the remote area specifications are larger than
those for the baseline models due to smaller sample sizes in remote area specifications. In
addition, most of the confidence intervals for the baseline sample lie within those for the
corresponding remote area cases.

Nevertheless, these results indicate some differences between remote and non-remote
areas. First, wages seemed to have slightly increased but decreased in 2007 only in remote
areas. Second, households in remote areas were less likely to be in fishery in both the short
run and the long run, but this effect is observed only in the short run in the baseline sample.
Finally, the magnitudes of the coefficients for a dummy indicator for positive household

income are larger than those in the baseline, and the confidence intervals based on the

8 A community is considered remote during a particular wave if at least one of the followings is true: 1.
there is no public transportation, 2. main roads are not paved, 3. motor vehicles cannot travel on main
roads/waterways, 4. commute time to the nearest market is greater than 30 minutes, 5. commute time to
the nearest bus stop is greater than 30 minutes.
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3-wave remote sample mostly do not overlap with those for the baseline. These results
indicate that labor mobility and trade might be important for risk mitigation. For example,
the decrease in wages indicated that there might have been a decrease in demand for labor
and an increase in competition in remote areas, and this decrease was not observed in the
baseline specification because labor mobility might have smoothed labor market shocks in
non-remote areas. The larger magnitudes of the effects on the ability to earn positive income

in remote areas provides another evidence for this hypothesis.

3.4.2  Consumption

At a first glance, there is almost no consumption spillover resulted from coral bleaching.
Non-fishery households in coral bleaching areas did not change their overall consumption
relative to non-fishery households in unaffected areas. Table 3.6 shows the regression results
with consumption expenditures in various consumption categories as dependent variables,
and most of the treatment coefficients are not statistically significant. One caveat of the
results here is the expenditure nature of consumption measures in the IFLS. Even when the
coefficient is not statistically significant, the consumption quantity might have decreased if
prices increased.

The result in column 3 indicates a positive and statistically significant treatment coef-
ficient for protein consumption in 2000. This increase in protein consumption expenditure
was largely driven by an increase in meat consumption expenditure, and a non-statistically
significant fall in fish consumption expenditure. Since meat is generally more expensive than
fish, especially in coastal areas, this increase in protein consumption might have been due
to a substitution of meat for fish. In addition, a fish supply shock might have caused an
increase in fish prices.

Despite minimal changes in various overall consumption expenditures, there is an evidence
for a consumption pattern shift from purchased consumption to home-grown consumption in
some food categories. Table 3.7 illustrates the spillover effects on home-grown consumption.
These results suggest that there were increases in home-grown consumption of protein, fruits
and vegetables, and grains.

In the case where prices increased, the statistically insignificant coefficients in table 3.6
implied that overall consumption quantities declined, and the results in table 3.7 imply
that the households could have consumed the same amount of home-grown protein, fruits

and vegetables, and grains. On the other hand, the results in table 3.6 indicate that there



Figure 3.2: Comparison of spillover effects: all areas vs remote areas
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Notes: Point estimates and 90% confidence intervals of 8- based on (3.1). Confidence intervals are constructed based on
clustered standard errors. Baseline sample contains all non-fishery households in the IFLS, except those in areas with reported
forest fires in 1997 (West Sumatra, South Sumatra, and West Kalimantan) (N = 24,361; 9,064 HHs). Remote areas are those
considered remote in all four waves of data (4-wave remote; N = 3,572; 1,108 HHs), and those considered remote in at least
three waves (3-wave remote; N = 6,339; 1,991 HHs). All models include household head’s gender, age, and education as
control covariates. Wave, province and household fixed effects are included in all specifications. Dependent variables are log of
wages per wage earner, working weeks per year, the number of fishermen in HH, a dummy indicator for positive household
income, and log of real household income per worker, a dummy indicator for presence of farm business, log of farm profit, and
log of total food consumption expenditure.
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Table 3.6: Spillovers of coral bleaching to non-fishery households—consumption

(1) (2) (3) (4) (®)
Non-Food Total Food Protein Fruits/Vegs  Grains
2000*Bleach -0.0005 0.0103 0.1443** 0.0102 0.0599
(0.0851) (0.0685) (0.067) (0.0593) (0.0667)
2007*Bleach -0.0461 0.0117 0.0817 0.0203 0.0463
(0.0686) (0.0534) (0.0516) (0.0483) (0.0507)
F-Test p-value 0.5476 0.9809 0.2815 0.8523 0.8227
N 23,903 24,271 24,271 24,271 24,271
Cluster N 9,027 9,048 9,048 9,048 9,048
Mean dependent variable 3.333 2.862 2.140 1.978 2.044

Remarks: Clustered standard errors are in parenthesis. *, ** *** denote statistically significance at 10%, 5%,
and 1%, respectively. F-test Hg : 82000 = 82007 Sample is all non-fishery households in the IFLS, except those
in provinces with reported forest fires in 1997 (West Sumatra, South Sumatra, and West Kalimantan), and
those with substantial tourism (Bali and West Nusa). All models include household head’s gender, age, and
education as control covariates. Wave, province and household fixed effects are included in all specifications.
All consumption measures are log of real consumption expenditures per household member.

was no difference in overall consumption quantities between households in and outside of
coral bleaching areas under the assumption that the changes in prices were similar in both
areas. In this case, the results in table 3.7 imply an increase in home-grown consumption
quantities. In either case, an increase in home-grown consumption expenditure together
with the decrease in farm income supports the model where households chose to consume
agricultural goods rather than selling them, and provides an evidence for similar agricultural

conditions between coral bleaching and control areas.

The changes in prices can be tested by regressing prices on key covariates from (3.1)°.
These tests were done on prices of rice, beef, and dried fish. The results indicate a fall in a
price of rice in 2000, and a fall in a price of beef in both 2000 and 2007 in coral bleaching
areas relative to other areas. The results on the price of dried fish is not robust. As rice is
the main staple crop in Indonesia, we may conclude that households in coral bleaching area
consumed more grains in 2000, and a large part of this increase was driven by an increase in

home-grown consumption.

9Since price data is available at a community level, these regressions are at a community level and do not
contain household characteristics or household fixed effects. Full results are available upon requests.
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Table 3.7: Spillovers of coral bleaching to non-fishery households—homegrown consumption

(1) (2) 3) (4)
Total food Protein Fruits/Vegs  Grains
2000*Bleach -0.0385  0.227***  0.1402*%*  0.1784%**
(0.0744)  (0.0642) (0.0626) (0.0671)
2007*Bleach -0.1243*  0.1092** -0.046 -0.0433
(0.0648)  (0.0512) (0.053) (0.0582)
F-Test p-value 0.2408 0.0708 0.0023 0.0010
N 24,271 24,271 24,271 24,271
Cluster N 9,048 9,048 9,048 9,048
Mean dep var 1.513 0.517 0.733 0.759

Remarks: This table contains (- from (3.1). Clustered standard errors are in
parenthesis. *, ** *¥** denote statistically significance at 10%, 5%, and 1%, re-
spectively. F-test Ho : $2000 = B2007. Sample is all non-fishery households in the
IFLS, except those in provinces with reported forest fires in 1997 (West Sumatra,
South Sumatra, and West Kalimantan), and those with substantial tourism (Bali
and West Nusa). All models include household head’s gender, age, and education
as control covariates. Wave, province and household fixed effects are included in all
specifications. All consumption measures are log of real homegrown consumption
(expenditure-equivalent) per household member.

3.4.3 Robustness Checks

A couple of checks were done to ensure the robustness of the results from the main speci-
fications. I exclude areas with famous beach/diving attractions and areas with forest fires
in 1997-98 from the main sample to allow for net spillover effect interpretation of the co-
efficients. However, adding areas with forest fires to the sample yields quite similar results
implying that forest fires were not likely to be correlated with coral bleaching. These results
are presented in table 3.8.

Additionally, rainfall deviation during the wet season preceding each survey year is in-
cluded to the main specification to ensure that the spillover effects are not driven by the
effects of ENSO on rainfall and agricultural conditions. The data on rainfall are from the
Global Historical Climatology Network (GHCN), and the rainfall variable is constructed as a

deviation of wet-season rainfall from the long-term average in each province.!? This variable

10The data from GHCN is available at a station level. To compute averages for each provinces, I first
computed the median across all stations in each province in each period of time. Then, for each wave
and province, the average rainfall during each wet season is calculated by averaging the monthly medians
over the 5-6 months of the wet season, which varies by provinces. Then, the deviation is calculated by
subtracting the long-term average from the current year’s average rainfall in the wet months.
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Table 3.8: Spillovers of coral bleaching to non-fishery households—forest fire areas included

(1) (2) (3) (4) (5) (6)
Work hours Work weeks Second jobs Fishermen Pos Income log(income)

2000*Bleach -1.1129 -3.0455%** -0.0084 -0.0114%***  -0.0559*** -0.0952

(0.8082) (0.7735) (0.0203) (0.0039) (0.012) (0.1042)
2007*Bleach 0.6315 -0.8038 0.0348 -0.0041 -0.0417%%*  -0.2706**

(1.0877) (0.926) (0.0219) (0.006) (0.0117) (0.1341)
F-Test p-value 0.0766 0.0147 0.0482 0.2297 0.1044 0.1225
N 27,719 27,809 27,853 27,850 27,751 23,445
Cluster N 10,034 10,069 10,077 10,076 10,061 9,537
Mean dep var 30.793 33.046 0.289 0.013 0.897 13.893

Remarks: This table contains 8- from (3.1). Clustered standard errors are in parenthesis. *, ** *** denote statistically
significance at 10%, 5%, and 1%, respectively. F-test Hg : B2000 = B2007. Sample is all non-fishery households in the IFLS
including those in Sumatra and Kalimantan, but excluding those in tourism area (Bali and West Nusa Tengara). All models
include household head’s gender, age, and education as control covariates. Wave, province and household fixed effects are
included in all specifications. Dependent variables are working hours per week per worker, working weeks per year per worker,
the number of HH members with secondary job, number of fishermen in HH, a dummy indicator for positive household income,

and log of real household income per worker. The sample in column 6 includes only households with positive income.

is included in the model to capture differences in short-term rainfall variations that might
have resulted from ENSO and affected the agricultural sector. Note, however, that the rain-
fall during 1997 might be correlated with SST and coral bleaching measures. Consequently,

these specifications are not chosen as the main specifications.

Table 3.9 illustrates the key coefficients from specifications that control for transitory
rainfall. The coefficients here are similar to those in tables 3.2-3.3 suggesting that the spillover
effects in the main results were not driven by short-run effects of ENSO. The only case where
the result in table 3.9 is substantially different from those in the main specifications are the
model with farm profit as the dependent variable. After controlling for rainfall, the results
indicate no differences in farm profit between coral bleaching and other areas. This finding is
consistent with the literature on rainfall shocks where rainfall can affect agricultural income.
In addition to controlling for transitory rainfall deviation, I also control for rainfall deviation
in 1997 and use different functional forms of the transitory rainfall. These additional results

are similar to those presented here and are included in appendix A.2.
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3.5 Policy Implications and Conclusion

In this chapter, I estimate the spillover effects of coral bleaching to non-fishery sectors.
The spillover effects are detectable in labor-related outcomes and consumption patterns.
Specifically, non-fishery households in coral bleaching areas supplied less labor after coral
bleaching relative to non-fishery households in other areas. This fall in labor is associated
with a decrease in the likelihood to have positive household income in both the short run and
the long run. Conditioning on earning positive income, there is no significant income different
between households in and outside of coral bleaching areas. Detailed analysis suggests that
the labor market spillover was plausibly due to a fall in labor demand from reduced economic
activities. Even though the fishery households in treatment area switched out of fishery, the
sectoral shift did not significantly impact the non-fishery labor market.

In terms of consumption, there is no evidence for spillover effect as measured by consump-
tion expenditures in most consumption categories. However, consumption pattern changed
after coral bleaching as non-fishery households consumed rather than sold their agricultural
products.

The empirical results also indicate that there could be direct effects of coral bleaching on
the tourism sector, but it is unlikely that coral bleaching has direct effects on agriculture.
The main cause of coral bleaching, ENSO, might have directly affected the agricultural sector
both in the short and long run. However, tests indicate that the spillover effects estimated
in the main specifications are robust to the possible short-run effects of transitory rainfall
variations through out the ENSO cycle, and long-run effects of forest fires induced by El
Nino in 1997.

Taken together, these results imply that a climate shock such as coral bleaching can have
effects on the whole economy, not only through direct channels, but also through reduced
economic activities. The spillover effects are smaller in magnitude than the direct effects,
but they could affect a larger proportion of the population. As a result, it is important for
studies of climate change to take into account general equilibrium effects.

Additionally, while fishery households were able to adapt and improve their income, non-
fishery households in coral bleaching area were less likely to have positive household income
relative to their peers in the control area even in the long run. This finding suggests that
mitigation of spillovers might not be as effective as that for the actual shock, and that policy

makers should also pay attention to those who were not directly affected by the shock.
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Appendix A

DETAILS ON THEORETICAL MODEL AND ADDITIONAL
EMPIRICAL RESULTS

A.1 Theoretical Framework— Further Details

This appendix discusses alternative specifications for the theoretical model. Specifically, I
outline the interior solutions when the resource function takes two extreme functional forms—
linear and Cobb-Douglas. The findings in this appendix support the main theoretical results:
adaptations to a shock in fish resource are different between the short run and the long run,
and the changes in migration depend on the substitutability between migration and initial

fish stock in the resource function.

A.1.1 Linear resource function

The linear resource function, Ry = 6 + yM; and Ry = § + yM; + vMs, is the extreme
case of the CES resource function where a shock to the initial fish resource can be flexibly
compensated with migration. Under this assumption, it is possible to solve for closed-form
solutions with or without the separation of fishery production decisions from the rest of the

model. Without the separation property, the theoretical setup can be rewritten as

max log Cy + log (E¥ — Ly + LI" — LY"") + ¢(log Cy + log (E* — Ly + LI" — L")
s.t. Cy + pCy 4w L™ + wo LA™ < LY + 'yMl)ﬁ —my My + pL§(§ +yM; + fyMQ)B— mao My + wlLlo“t + wo
Ly=LFH 4 LIt =1,2.

Let A be the Lagrange multiplier and L? = LI"— L%, The following first order conditions

must hold for the interior solution:
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Similar to the result under the CES resource function with p = 0.8, the interior solution

+ wy + was.

from the linear resource function implies that a shock to the initial fish stock is associated
with an increase in migration in the short run. However, migration in the long run does not
change in response to this shock. This time inconsistency pattern stems from the implicit

assumption that migration cannot affect the marginal product of initial fish stock resource,

OR?
B0,
periods.

Changes in total household labor supply, LZ# + L9 = EL — |, also exhibit the time

inconsistency pattern. The household tends to increase their total household labor supply

= 0, in addition to the difference between marginal benefits of migration in the two

after a shock to the fish stock resource only in the short run. The model also implies that the
shock to the initial resource endowment does not affect total fishery labor input, LEH + LI",
due partly to the functional form assumption. These changes imply that household’s net
labor supply to the labor market, LY — LI" rises after the shock in the short run.

These changes in fishery production and labor market activities fail to prevent a fall in
fishery profit after the shock to initial resource endowment. As consumption depends on
total household income, consumption also declines after the shock, with a larger fall in the

short run relative to the long run.

A.1.2  Cobb-Douglas Resource Function

Another extreme of the CES resource function is when the elasticity of substitution between
migration and fish stock is one, the Cobb-Douglas function. Figure A.1.1 illustrates the

results from numerical optimization for the linear and Cobb-Douglas resource specifications.
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Figure A.1.1: Theoretical relationships between initial fish resource endowment (¢), inputs,
and fishery profit obtained from Cobb-Douglas and linear resource functions
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Fishery production function takes the form Fy(L;, Ry) = LY Rtﬂ . Cobb-Douglas resource functions are written
as Ry = 6"M7, and Ry = §7 MM, . These results are obtained from numerical optimization with the

following parameters: o = 0.3,8 = 0.5,n7 = 0.5,y = 0.3.ForCobb — Douglas :

wy = 1l,wy = 1.05,p =

1.05,m1 = 1.08, and my = 1.08. For linear: w; = .3, wy = .33,p = .33, m; = .31, and my = .31.
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Table A.2.1: Effects of coral bleaching on labor market outcomes - fishery control group

(1) (2) (3) (4) ()

Migration ~Work hours Work weeks Second jobs Fishermen

A: Binary treatment

2000*Fish 0.1596** -1.253 -0.9271 -0.1752* -0.0465
(0.0724) (4.1025) (4.0757) (0.0977) (0.1601)
2007*Fish 0.0861 6.7636* 14.5637*** 0.2161** -0.1595
(0.0922) (3.756) (4.5903) (0.0929) (0.1622)
F-Test p-value 0.4285 0.0389 0.0007 0.0001 0.4753
B: SST anomaly days
2000*SSTdays 0.0012 -0.025 -0.0033 -0.002 -0.0013
(0.0008) (0.0579) (0.0589) (0.0014) (0.0022)
2007*SSTdays 0.0037%** 0.0741 0.2027*+* 0.0023* -0.0011
(0.0012) (0.0538) (0.0629) (0.0013) (0.0023)
F-Test p-value 0.0124 0.0745 0.0013 0.0023 0.9303
N 673 882 882 883 829
Mean dependent variable 0.177 29.682 32.926 0.313 0.812

Remarks: Clustered standard errors are in parenthesis. *, ** *** denote statistically significance at 10%,
5%, and 1%, respectively. F-test Hp : B2000 = B2007. All models include household head’s gender, age, and
education as control covariates. Wave, province and household fixed effects are included in all specifications.
Work hours is per week and per worker. Work weeks is per year and per worker. Second job is equal to one
if at least one worker in a household has a secondary job. Fishermen is the number of household workers in
fishery.

In the Cobb-Douglas case, migration and fishery labor inputs fall with the initial fish
stock endowment, which contrasts with the finding based on the linear functional form.
As migration incurs costs while there is no cost to the resource endowment, it might not be
optimal for the household to increase migration in response to the resource endowment shock
when the elasticity of substitution between the two factors is relatively low. When the cost
of migration is zero, a fall in resource endowment is associated with increases in migration

in both periods under the Cobb-Douglas resource function specification.

A.2 Additional Empirical Results

Table A.2.1 exhibits the effects of coral bleaching on labor outcomes using the fishery control
group. Most results are similar to the results presented in the main empirical section in
chapter 1.

Table A.2.2 shows the results on purchased and produced consumption using the double

difference specification with non-fishery households as a control group. Table A.2.3 exhibits
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the consumption results using the triple difference specification.

Table A.2.4 contains spillover results in specifications that control for the rainfall devia-
tion in 1997. These results are similar to the results frome the main specifications as well as
those from the robustness checks with transitory rainfall deviations in chapter 3.

Figure A.2 illustrates that the spillover effects in chapter 3 are robust to different func-
tional forms of transitory rainfall, including lags and polynomials. Most of the coefficients do
not change under various forms of transitory rainfall. The top panel of each graph exhibits
B, from (3.1) with their respective 90% confidence intervals under different specifications
of rainfall (models a-g), and under the main specification that does not control for rainfall
(model h). The bottom panel contains model selection criteria, including AIC, BIC, and

adjusted R?, for all the models. The details on specifications in models a-g are in table A.2.5
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Table A.2.2: Effects of coral bleaching on consumption purchases and consumption of house-

hold production - geographical control

Purchases
(1) (2) (3) (4) () (6) (7)
Total food All protein Fish Meat Other protein  Fruit/veg  Grain
A: Binary treatment
2000*Fish -0.1441 -0.3721%* -0.017 -0.0723 -0.5292%** -0.1934 -0.0982
(0.1304) (0.1453) (0.1738)  (0.1483) (0.1473) (0.134) (0.1665)
2007*Fish 0.0504 0.0519 0.216 0.2424* -0.025 0.0751 0.0633
(0.1089) (0.1266) (0.1442) (0.1379) (0.1286) (0.1229)  (0.1395)
F-Test p-value 0.170 0.003 0.201 0.054 0.001 0.065 0.364
B: SST anomaly days
2000*SST -0.0043**  -0.0066***  0.0004 0.0001 -0.0074%** -0.0039*  -0.0033
(0.0019) (0.0021) (0.0027)  (0.0024) (0.0023) (0.002) (0.0023)
2007*SST 0.0009 -0.001 0.002 0.0031* -0.0024 -0.0014 -0.0002
(0.0014) (0.0018) (0.002)  (0.0019) (0.0018) (0.0015)  (0.0018)
F-Test p-value 0.0030 0.004 0.567 0.265 0.01 0.242 0.172
N 9544 9544 9544 9544 9544 9544 9544
Mean dep var 2.731 2.066 1.394 0.874 1.648 1.709 1.655
Household production
(1) (2) (3) (4) (5) (6) (7)
Total food All protein Fish Meat Other protein  Fruit/veg Grain
A: Binary treatment
2000*Fish -0.2816%  -0.5071*** -0.187 -0.178%* -0.2224%* -0.3193** 0.014
(0.1605) (0.1879) (0.1805) (0.0747) (0.1079) (0.1489) (0.1403)
2007*Fish -0.1832 -0.4266*%**  _0.4718***  -0.0419 0.1389 0.0736 0.0971
(0.1531) (0.1456) (0.1506) (0.0881) (0.1042) (0.1319) (0.1349)
F-Test p-value 0.635 0.62 0.134 0.16 0.007 0.007 0.622
B: SST anomaly days
2000*SST -0.0063***  -0.0092***  -0.0061**  -0.0018 -0.0025 -0.0058***  -0.0001
(0.0021) (0.003) (0.0028) (0.0011) (0.0017) (0.0022) (0.0021)
2007*SST -0.0022 -0.0065***  -0.006***  -0.0001 0.0006 0.0007 0.0024
(0.0017) (0.0021) (0.0021) (0.0012) (0.0013) (0.0018) (0.0017)
F-Test p-value 0.0350 0.287 0.962 0.326 0.086 0.002 0.265
N 9544 9544 9544 9544 9544 9544 9544
Mean dep var 1.697 0.668 0.221 0.213 0.418 0.906 0.883

Remarks: Clustered standard errors are in parenthesis. *, ** *** denote statistically significance at 10%, 5%, and 1%,
respectively. F-test Ho : 2000 = [2007- All models include household head’s gender, age, and education as control covariates.

Wave, province and household fixed effects are included in all specifications.

Dependent variables are log of purchased

consumption expenditures and log of consumption of household production (expenditure-equivalent).
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Table A.2.3: Effects of coral bleaching on consumption purchases and consumption of house-

hold production - triple differences

Purchases
(1) (2) (3) (4) () (6) (7)
Total food All protein Fish Meat Other protein  Fruit/veg  Grain
2000*Bleach -0.1666 -0.5101***  -0.0849  0.0176 -0.6236*** -0.2566 -0.0134
(0.1726) (0.1731) (0.2078)  (0.1675) (0.178) (0.1573)  (0.1967)
2007*Bleach 0.0462 -0.1461 0.1533 0.2093 -0.1223 0.0159 0.1485
(0.1572) (0.1574) (0.1863) (0.1642) (0.1638) (0.1472)  (0.1781)
F-Test p-value 0.114 0.007 0.183 0.229 0 0.05 0.347
N 31244 31244 31244 31244 31244 31244 31244
Mean dep var 2.695 2.022 1.391 0.88 1.657 1.723 1.673
Household production
(1) (2) (3) (4) () (6) (7)
Total food All protein Fish Meat Other protein  Fruit/veg  Grain
2000*Bleach -0.1267 -0.4291** -0.2237 -0.196** -0.1323 -0.1718 0.0285
(0.202) (0.2107) (0.2028) (0.0891) (0.123) (0.1649)  (0.1602)
2007*Bleach -0.0769 -0.434**  -0.5052***  -0.0764 0.1216 0.0802 0.0143
(0.1953) (0.1788) (0.1798) (0.0965) (0.1226) (0.1505)  (0.1567)
F-Test p-value 0.800 0.975 0.13 0.17 0.047 0.066 0.93
N 31244 31244 31244 31244 31244 31244 31244
Mean dep var 1.499 0.538 0.186 0.184 0.309 0.731 0.742

Remarks: Clustered standard errors are in parenthesis. *, ** *** denote statistically significance at 10%, 5%, and 1%,

respectively. F-test Ho : B2000 = B2007-

All models include household head’s gender, age, and education as control

covariates. Wave, province and household fixed effects are included in all specifications. Dependent variables are log of
purchased consumption expenditures and log of consumption of household production (expenditure-equivalent).
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Figure A.2.1: Robustness of spillover effects to different functional forms of transitory rainfall
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Table A.2.5: Model specifications for rainfall

Model Specification

a raing + raing_1 + rain,_o

b S (raind + rain?_, + raind_,)
c oo (raind + raini_, + rain_,)
d Zgzl (rain 4+ raini_,)

e D g1 Tain

g raing

h na

rain; denotes transitory rainfall

deviation in year .
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