The London School of Economics and Political Sciences

The Causal Effects of the Indian Ocean Tsunami and Armed

Conflict on Aceh’s Economic Development

Martin Philipp Heger

A thesis submitted to the Department of Geography & Environment of the London
School of Economics for the degree of Doctor of Philosophy in Environmental

Economics, London, July 2016



Declaration

[ certify that the thesis I have presented for examination for the PhD degree of the
London School of Economics and Political Science is solely my own work other than
where I have clearly indicated that it is the work of others (in which case the extent of

any work carried out jointly by me and any other person is clearly identified in it).

The copyright of this thesis rests with the author. Quotation from it is permitted,
provided that full acknowledgement is made. This thesis may not be reproduced

without my prior written consent.

[ warrant that this authorization does not, to the best of my belief, infringe the rights of

any third party.

[ declare that my thesis consists of 81,336 words.

Statement of inclusion of previous work

I confirm that the soil chemical nutrient data I used for the analysis presented in
chapter 5 was collected by myself, while | was a Masters student at the University of

Hawaii.



Abstract

This PhD thesis investigates the causal long-term economic effects of the Indian Ocean
Tsunami and the armed conflict in Aceh, Indonesia (chapters 2, 3 and 4). It also contains
an analysis of land use change and the consequences for soil-organic carbon (SOC) in
Eastern Panama that is unrelated to previous chapters.! Chapter 2 stands at the core of

my PhD thesis; it is the equivalent of a job market paper.

In chapter 1, I provide an introduction to and summary of my PhD thesis. In particular, I
describe why I believe that I make original contributions to knowledge that are

significant and rigorous.

In chapter 2, I carry out a quasi-experimental analysis investigating the causal effects of
Tsunami flooding on long-term per capita economic output. The existing literature
suggests that natural disasters are growth depressing in the short-term, and in the long-
term, natural disasters either cause a continued shortfall of economic output, or an
eventual convergence to the pre-disaster counterfactual trend. I picked the Indian
Ocean Tsunami in Aceh as a case study for this PhD thesis, because I posit that if there is
one case for which there is evidence that goes against the conventional wisdom, namely
in the form of increased economic output in the long run, it probably is Aceh. The reason
why I expect to see creative destruction is that Aceh received a windfall of aid and was
the stage of the largest reconstruction effort the developing world has ever seen. |
conclude that natural disasters are not necessarily the cause of output reductions and

that they can be windows of opportunity for the economy.

In chapter 3, I investigate the reasons behind the creative destruction, and take a closer
look at different sectors and subcomponents of the economy. I examine three channels
through which the Tsunami may have affected per capita economic output. First, I find
that the Tsunami causally accelerated the structural transformation process, a process
through which people and the economy move out of agriculture, and into more
productive sectors such as services. Second, [ show that the Tsunami brought with it a
windfall of aid and other funds, which allowed for a building back better of physical

capital and increased capital formation. Third, | show that aggregate private

1 A requirement of my ESRC/NERC scholarship was to produce also a natural science study, which is the
reason for the different topic.



consumption not only was smoothed in a reaction to the Tsunami, but even boosted to

sustainably higher levels, compared to the no-Tsunami counterfactual.

In chapter 4, I investigate whether the 30 years long armed conflict in Aceh left any
negative economic legacy effects, once the fighting stopped and the peace agreement
was signed. The separatist war took a toll on the Acehnese economy. Even though the
conflict has ended, did the negative economic effects also end? Aceh’s economy has
higher per capita growth rates in times of peace than in times of war, which can be
either a sign of a peace dividend or creative destruction from the Tsunami. But does the
armed conflict leave a negative legacy for future growth rates, even after peace has
officially been declared? I find that that peacetime growth rates are negatively affected
by the wartime conflict intensity. Using violence data on the incidence of killings,
injuries, and other ‘measurable human suffering’, [ assess whether districts that were
heavily affected by armed conflict grew systematically differently from those that were
spared from the brunt of the violence. I find that there are severe negative economic
legacy effects of violence, and the more violence occurred in a district during the

separatist war, the slower it was growing during times of peace.

Chapter 5, topically unrelated to the previous chapters, is looking at land use change in
Eastern Panama and the consequences for soil organic carbon (SOC). In this chapter, I
compare SOC concentrations of primary forests to two competing land use alternatives:
Forest-to-pasture conversion for cattle grazing versus indigenous forest-to-crop
conversion. [ find that both land use changes reduce SOC concentrations significantly,
yet the pasture land use has lower levels of SOC than indigenous crop cultivation. The
soil carbon levels of secondary forests are not statistically different from primary
forests, implying that the forest conversions are reversible, in terms of their impact on
SOC, which suggests that allowing secondary forests to re-grow in former cultivated

areas in the Eastern part of Panama holds promise for climate change mitigation.

In the concluding chapter 6, [ present a summary of the main findings and an outline for

future research.
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CHAPTER 1

Introduction

Can a natural disaster be a window of opportunity and cause more economic output per
capita in its aftermath than had it not occurred? The natural disaster economics
literature firmly negates this possibility for the long run. Nevertheless, what would be a
good natural disaster candidate that would call into question the generality of a growth-
depressing or growth-neutral disaster effect? I pick the most likely natural disaster case
to my reasoning; the Indian Ocean Tsunami and the devastation it brought to the
Indonesian province of Aceh, on account of it having triggered the largest

reconstruction effort the developing world has ever seen.

My second and third chapters investigate the natural disaster effects on economic
growth in Aceh and verify whether the Tsunami resulted in creative destruction and
why. In my fourth chapter, | examine whether the armed conflict in Aceh has had any
economic legacy effects. My fifth chapter evaluates the consequences of different land

use strategies in Eastern Panama on soil organic carbon (SOC).2

2 The reason for why the last chapter is topically different from the other ones is that my scholarship from
ESRC/NERC stipulated that I had to produce natural sciences based research also. My previous training in
soil science and ecology allowed me to take soil samples from several land use alternatives (forests,
indigenous crops, and pastures) and compare their chemical nutrient concentrations.
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My PhD thesis investigates the dual challenges facing Aceh’s economic development in
the post-Tsunami and post-conflict era. It assesses the causal effects of the Indian Ocean
Tsunami, the ensuing reconstruction effect, and the legacy effects of the 30-years long
armed conflict on long-term economic output in Aceh. My Indonesia disaster and
conflict chapters examine these causal impact questions in detail by exploiting what can
be described as a quasi- or natural experiment, using subnational data, and modern

causal inference techniques.

[ believe that my PhD thesis makes original contributions to existing knowledge that are
significant and rigorous. My original contributions are that I am the first to document
the causal case for creative destruction resulting from a natural disaster. I do not stop
at showing the significant causal effects alone, but also explore some of the likely
channels through which creative destruction took place. To my knowledge, I am also the
first to causally identify legacy effects of subnational violence on peacetime economic
growth rates. My contributions to both the natural disaster economics field and the

conflict economics field are predicated on cutting-edge econometric techniques.

For the natural disaster economic work I present in chapters 2 and 3, in which I
investigate the causal effects of the Indian Ocean Tsunami, I heavily rely on the natural
disaster economics and the economic growth literature. The literature investigating the
causal effects of severe natural disasters on economic activity is not conclusive. It
remains torn between whether the affected economy is permanently relegated to a
lower growth path (e.g. Hsiang and Jina, 2014), whether the negative effects are only
short-term (e.g. Strobl, 2011), or whether it is significantly affected at all (e.g. Cavallo et
al, 2013). Most of the underlying analyses were carried out using national annual Gross
Domestic Product (GDP) data. However, “... much of the interesting variation in economic
growth takes place within, rather than between, countries” (Henderson, Storeygard and
Weil, 2012, p. 995). Using spatially coarse indicators such as national GDP as impact
measures to evaluate the effect of localized events such as natural disasters introduces a

lot of noise and masks spatially heterogeneous effects.

[ investigate whether the Indian Ocean Tsunami was creatively destructive and
sustainably so, by constructing a unique fine-grained dataset linking local level GDP

data to physical flooding data. Using modern econometric techniques and a rigorous
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causal identification strategy, I find that the Tsunami floods resulted in creative
destruction, leading to a building back better of physical capital, which in turn allowed

the region to “float up” to a higher economic growth path in its wake.

[ distinguish between different post-Tsunami periods, the immediate aftermath (2005),
the recovery phase (2005-2008), and post recovery (2009-2012). I find that each of
them exhibits unique growth trends. The first year was marred with a delay in the
reconstruction effort, resulting in a reduced economic activity compared to the no-
Tsunami counterfactual. Once the rebuilding after the destruction was in full swing, the
region grew significantly faster than the counterfactual (regaining the lost ground in the
aftermath year and more) and had higher growth rates during the recovery phase. In
building back the physical capital, and in building it back better, the Acehnese economy

was boosted onto a higher output path compared to the counterfactual.

Once the reconstruction was completed and the aid funds dried up, did the region
remain on this higher economic output trajectory, did it revert back to the
counterfactual output path, or even drop below it? The Acehnese economy was not only
stimulated by the building back of destroyed capital, but the built back better capital
was also used more productively in the post-recovery phase. The economy did not
revert back to the counterfactual per capita output path, nor did it drop below it; it
remained on a permanently higher path. To be specific, this does not mean that the
flooded districts kept growing at higher rates in the long run, but they remained on a

parallel, yet higher per capita output path from 2009 onwards.

The Tsunami caused heterogeneous localized responses due to the geography of the
districts. Island districts recovered more sluggishly; facing initially severe contractions
they ultimately rebounded back to the counterfactual growth path, reflecting the
difficulty the donor community had in reaching these remote locations. Urban districts
recovered much faster than rural districts, during the recovery period, and then
permanently remained on a higher per capita output path. Rural districts recovered a
bit slower, but remained on a higher per capita growth path even in the long run. Even
though there were indications of spillovers of the creative destruction effect from the

stricken districts to the adjacent districts, they were not statistically significant.
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Not all destruction is the same; there were heterogeneous treatment effects. Only the
more severely affected sub-districts displayed creative destruction. Less devastated

districts grew indistinguishably from the non-flooded counterfactual.

The rich heterogeneous and localized effects shown in this chapter indicate the
necessity for going beyond national averages in economic impact analyses of natural
disasters. The existence of the modifiable areal unit problem, illustrated in this paper,
and the existence of creative destruction suggests that some of the disagreements in the
literature may very well stem from observing net effects by using crude measures that
dilute the signal strength and direction. I show the magnitude and severity of this
problem for statistical inference by conducting the same analysis using a coarser level of
analysis, comparing the island of Sumatra (the island on which Aceh is one of nine
provinces) with the other five non-flooded islands using the same methods. I fail to

detect a significant effect of the Tsunami on island level growth rates.

Following up on work that stresses the importance of the distinction between hazards
and natural disasters in suggesting that a hazard turns into a natural disaster only if
appropriate preparatory steps were not taken (Neumayer, Pluemper & Barthel, 2014)
my work suggests that a natural disaster, even one of the worst ones, will only linger if
adaptive steps are not taken. Rectifying policies such as aid are of crucial importance in
overcoming even the largest adversity, and using it as a window of opportunity. I
conclude that whether or not a natural disaster is here to stay and continue to depress
an economy ultimately hinges on political (human) will, and not on the destructiveness

of its impact.

In chapter 3, I take a close look at the mechanism through which economic growth could
have been boosted by the Tsunami. I look at subcomponents and subsectors of GDP. In
particular, [ focus on aggregate consumption, investment, and structural

transformation, as the principal channels driving creative destruction.

[ find that the Tsunami triggered an investment bonanza, meaning capital formation
rates well beyond those observed from the counterfactual. I also find that aggregate
private consumption was not only smoothed, but in fact even boosted by the Tsunami
and the incoming aid. [ also find that the Tsunami triggered an acceleration of the

structural transformation, causing labor and economic activity move to more
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productive sectors. Many jobs were gained by the service industry, and it contributes
significantly more to the sector share of overall economic activity because of the

Tsunami.

In chapter 4, I take a granular look at the negative economic legacy effects of armed
conflict. The Indian Ocean Tsunami brought devastation and suffering to Aceh.
Nevertheless, it also brought peace in that it helped to end the 30-years long civil war.
Even though peace was declared after the Tsunami crashed on Aceh’s shores, and the
conflict ended instantaneously, did the wartime violence keep haunting the province
economically even though war was over? In other words, were there any negative
legacy effects from the historic violence of the armed struggle on peacetime economic

growth rates?

[ find that there is in fact a significant reduction in the peacetime growth rates of the
districts that were exposed to more violence during the armed conflict. Regardless of
how I measure violence and conflict intensity, be it by people killed, people injured or
buildings destroyed, I always find a growth-retarding legacy effect in high violent
districts. Even though the negative conflict effect dissipates over the course of five
years, the wartime conflict affected districts never recover from the conflict-incurred

losses, relegating the economy onto a permanently lower output path.

In chapter 5, I dedicate myself to a different issue. I investigate the environmental
consequences of certain kinds of deforestation in terms of soil organic carbon changes.
The forest of Eastern Panama is converted to agricultural land predominantly for two
purposes: cultivating crops and ranching cattle. This chapter studies the relative soil
quality impacts of indigenous forest-to-crop conversion versus non-indigenous forest-
to-pasture conversion. Soil organic carbon (SOC) concentration levels are measured in
forest, crop, and pasture sites to allow for comparative evaluation of land use change
impacts. The preponderance of evidence in the literature points to a substantial
decrease of SOC following forest-to-crop conversion, but no change in forest-to-pasture
scenarios. Studying indigenous crop cultivation techniques, and smallholding colonist
cattle ranching activities, this article finds the opposite. Indigenous rice and maize fields
are shown to not store significantly less SOC than forest sites. Non-indigenous colonist

pasture sites on the other hand do store significantly less Carbon. The results vary
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substantially with topography. Deforestation on plateaus has particularly adverse
effects on SOC, whereas the effects on other slope positions are minor and statistically
negligible. The older the pasture sites get, the more SOC they lose, up to almost half of
the original Carbon concentration 20 years after conversion. By the same token
however the chapter finds evidence that this is reversible and that if allowed to re-grow,

secondary forests will revert back to original SOC levels.
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CHAPTER 2

The Economic Silver Lining to the Human
Catastrophe of a Natural Disaster: The Causal
Impact of the Indian Ocean Tsunami on Aceh’s

Long-Term Economic Development

2.1 Introduction

To argue that natural disasters destroy physical capital (e.g. they destroy roads and
bridges), human capital (e.g. they kill and hurt people) or environmental capital (e.g.
they flood or scorch ecosystems) is quite straightforward (see e.g. Hochrainer, 2009,
and Noy, 2008). What is however still subject to debate in the field of natural disaster
economics is whether in destroying capital, they have a positive, negative, or no effect
on economic output, and if the effects reach beyond the short-term (see e.g. Hallegate &

Przyluski, 2010).

In principle, there are both positive and negative channels linking natural disasters to

economic growth:
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Natural disasters may enhance growth through several possible channels. Replacing lost
capital is increasing the demand for goods and services, boosting aggregate demand in
the wake of the natural disaster (Horwich, 2000; Kunreuther et al, 2004). Moreover, if
the capital destroyed was old and out-dated a switch to higher productivity equilibrium
is possible (Skidmore & Toya, 2002). This is said to hold true as long as the productivity
gains from upgrading capital are higher than the productivity losses from losing the old
capital (Hallegate & Dumas, 2009; and Cuaresma et al, 2008). Following this logic, the
gradual replacement of destroyed capital with modern capital has a positive net effect
on long run economic growth (Benson & Clay, 2004; Benson, 1998; and Hallegate &
Dumas, 2009). In this line of thinking, the natural disaster performed an economic
service in that it tore down out-dated infrastructure. This creates the opportunity to
replace roads, airports, bridges and so on with more efficient infrastructure (Skidmore
& Toya, 2002). It has furthermore been proposed that natural disasters stimulate
innovation (Toya & Skidmore, 2007). In addition, some have argued that even though
GDP might decrease, GDP per capita could possibly increase as the marginal
productivity of intact capital increases due to capital and labour becoming scarcer in the
destructive wake of the natural disaster (see Hsiang & Jina, 2014). Natural disasters
may also result in a more trusting and more cohesive society, which in turn may spur
economic growth through augmenting total factor productivity (Toya & Skidmore,
2014). The channel through which interpersonal trust is said to increase in the wake of
a disaster is that the calamities promote cooperation in rescue operations and
rebuilding of the destruction, which is said to strengthen interpersonal ties (Toya,
2014). Disasters may also trigger outpouring sympathy via increased levels of
volunteerism and donations, which further bring a society closer together and increase

trust (Khalish, 2014), which in turn should also increase productivity.

Natural disasters may reduce growth rates and depress incomes because the productive
capital they destroy such as durable assets, lead to expenditure reductions and
therefore reduce the consumption component of aggregate GDP (see e.g. Baez et al,
2010; Carter et al, 2007; and Anttila-Hughes & Hsiang, 2013). The idea is that the funds
and labour that are used to replace destroyed capital cannot be used on something else
instead (Field et al, 2012). For example, a shrimp farmer who is rebuilding his

aquaculture after it has been wiped out could have used the funds for constructing an
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additional pond instead. Conversely, if she decides not to restore her livelihood but
switch to an alternative economic activity instead (Jacoby & Skoufias, 1997), one is lead
to conclude that the new activity is less productive because had it not been, a rational
agent would have switched already before the shock occurred. Other examples of
negative channels include reduced productivity because of impaired capital: a
destroyed road reduces productivity by increasing transportation costs, a broken arm
reduces the output per worker, and agricultural fields flooded with saltwater make it
impossible to grow food (see e.g. Hsiang 2010; or Deryugina, 2011), at least for the

duration for which it remains in disarray.

To say that the jury is still out on whether natural disasters are by in large negative or
positive for economic output would be a misreading of the preponderance of evidence,
particularly so for severe climatological disasters in developing countries. While there
are a few papers that argue in favour of a creative destruction based on forces at play
along the lines of those described above (increased aggregate demand, capital upgrade
and innovation), the preponderance of evidence points to negative effects (Cavallo &
Noy, 2011). The few studies that have found creative destruction effects only hold under
certain circumstances such as high development level of the country, insured losses and
most importantly only hold for moderately destructive disasters (or in analyses that
include all kinds of disasters irrespective of their intensity). Loayza et al. (2012) and a
meta-study by Cavallo & Noy (2011) reconciled the contradictory findings in the
literature by synthesizing that only moderately destructive disasters have positive
effects in the immediate aftermath of the disaster. In conclusion, the literature suggests
that natural disasters are contractionary rather than expansionary for economies in the

short-term.

Particularly developing countries are expected to suffer economically from natural
disasters (Heger, Julca & Paddison, 2009; Loayza et al, 2012; and Fomby, Ikeda &
Loayza, 2009). The mechanisms investigated as to why low-income countries are
disproportionately adversely affected are absence of safety nets (Linnerooth-Bayer &
Mechler, 2007), insurance schemes (Linnerooth-Bayer, Mechler & Hochrainer-Stigler,
2011; Hochrainer-Stigler, Sharma & Mechler, 2012), fully functioning credit markets
(Noy, 2009), and savings (Paxson, 1992; and Mechler, 2009). All these policy tools are

less functional or non-existent in developing countries. The absence of such coping
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mechanisms has repercussions. Noy (2009) for instance found precipitous declines in
economic growth in developing countries, but no effect in developed countries. He
attributed the difference between developed and developing countries to

countercyclical fiscal and monetary policy pursued by developed countries.

Particularly the poor might suffer from uninsured disaster risk. If they cannot smoothen
consumption, they are left to cope with strategies detrimental to their human capital
such as cutting back on nutrition or taking kids out of school (Baez, de la Fuente &
Santos, 2010; Jacoby & Skoufias, 1997; Moser, 1998; Subramanian & Deaton, 1996,
Banerjee & Mullainathan, 2010; and Jensen & Miller, 2008). Coping with natural
disasters is particularly hard for the poorest in a society, leading them to adopt
strategies to overcome the adversity that are costly not only in the short run, but also

the long run (Carter et al, 2007).

The few studies that look at long run economic effects of natural disasters report mostly
negative effects, and some find neutral effects (Hsiang & Jina, 2014; Cavallo & Noy 2011;
Cavallo et al, 2013; Raddatz, 2009; and Noy & Nualsri, 2007). The one notable exception
is Skidmore and Toya (2002) who conclude that even though geological disasters are
contractionary, climatological disasters are expansionary and bring about
Schumpeterian creative destruction to the economy. Cuaresma et al (2008) suggest
though that the creative destruction results found by Skidmore and Toya (2002) only
apply to moderate disasters. Moreover, they are likely to only hold in high income

countries (Cavallo and Noy, 2011).

For the negative short-term disaster-growth nexus examples, there are two possible
scenarios for the longer term. A “rebound” case, where after a few years of depressed
growth, the output path eventually converges again with the original growth trajectory,
also called “recovery to trend” trajectory. The other route is a “no recovery” option,
where even after many years have passed the affected area never converges to the
income path under the no disaster scenario. The “recovery to trend” hypothesis argues
that there is a substantial contraction in output and that over several years the output
will remain below the non-disaster trajectory, but eventually it will re-bound and
converge to the pre-disaster trend (see e.g. Davis & Weinstein, 2002; or Miguel &

Roland, 2011). The “no recovery” hypothesis on the other hand argues that disasters
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permanently destroy capital, from which an economy cannot recover. An economy
might eventually start to grow again, will however never meet its pre-disaster
trajectory (see e.g. Burke et al, 2009; Hsiang, Meng & Cane, 2011; and Hsiang & Jina,
2014.

The natural disaster effects on growth depend on several factors such as type of
economic sector affected, and type of natural disaster. It is quite likely that natural
disasters affect some sectors of the economy differently than others. While a flood for
example is contractionary for the industry sector, it can quite possibly be positive for
agriculture, through boosting agricultural yields as water is an important input into
agricultural yields and production. A drought may have no strong causal effect on the
service sector or the manufacturing sector (as those are insulated to extreme heat), but
quite severe negative effects on agriculture, through scorching the harvests. An
earthquake may not affect agriculture at all, but heavily damage manufacturing through
destruction of machines and other capital input to the production. For analyses on

sector-specific effects, see Loayza et al (2012) and Fomby, Ikeda & Loayza (2009).

Geological disasters are found to have different effects on economic growth than
climatological disasters (see Cuaresma et al, 2008). While climatic disasters have been
shown to not only more harshly affect the economy in the immediate aftermath, they
have also been shown to relegate the economy to a permanently lower growth path,
compared with geological disasters, which after quite moderate and insignificantly

negative effects rebound to the counterfactual growth path (Raddatz, 2009).

Floods have been shown to not have any effect on long-term economic growth. Raddatz
(2009) found that after an initial depression, compared with the counterfactual,
countries rebound to the counterfactual growth path in the second post-flood year.
Other studies found that floods did indeed have a positive effect, but only moderate
ones and only on agricultural sector growth (Loayza et al, 2012). The positive
association was attributed to the higher levels of rainfall that are correlated with floods,
which due to agronomical processes are beneficial for yields. It has also been shown
that through interlinkages to the rest of the economy and because of growth in the

agricultural sector, moderate floods spurred growth in the short run (Fomby, Ikeda &
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Loayza, 2009). Severe floods on the other hand were not found to show any positive

GDP growth effects, or any subcomponent of GDP (Fomby, Ikeda & Loayza, 2009).

Weaknesses of existing studies

This chapter overcomes the weaknesses of most existing studies, which include: (a)
Short time horizons, (b) using endogenous measure of natural disaster impact and lack

of a causal identification strategy, and (c) using aggregate data for localized events:

(a) The short-term effects of natural disasters on economic growth have been
researched quite extensively (see e.g. Loayza et al, 2012; and Cavallo et al, 2013 for an
overview). Nonetheless, short-term effects may simply be adjustment processes for the
convergence to the long-term trend. It is important to shed light on whether long-term
trends are affected as well. Only a hand-full of articles looked at long(er)-term effects:
Hsiang & Jina (2014) find that national economies never recover, and find significantly
reduced per capita incomes even 20 years after the occurrence of a natural disaster.
Cavallo et al (2013) on the other hand find that there are no long-term effects in
national growth, tracking 10 years post disaster. They do not even find significant
effects looking only at the most extreme disasters. 3 Looking at US coastal counties,
Strobl (2011) also finds only a short-term contraction but no significant effects seven

years after the disaster.

(b) Almost all articles in the natural disaster economics literature, with the exception of
Hsiang & Jina (2014), Strobl (2011), Bertinelli & Strobl (2013), and Felbermayr &
Groeschl (2014) use endogenous measures of the natural disaster impact. Most of these
papers use the International Disaster Database (EM-DAT) from the Centre for Research
on the Epidemiology of Disasters (CRED) at the Catholic University of Louvain in
Belgium. EM-DAT provides measures of total deaths, injured, affected, homeless, total

affected and total damage. Others use data from re-insurance companies, such as

3 Cavallo et al (2013) initially found long-term contracting effects for the most extreme natural disasters.
However, after dropping countries that had revolutions following the years after an extreme natural
event, this negative effect disappeared. Depending on whether the natural disasters had any effect on the
regime changes, one would either conclude that they have growth-depressing or growth-neutral effects in
the long run.
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Munich Re, which maintains the NatCatSERVICE dataset, documenting the insured
losses associated with natural disasters of the last decades. The issue with these
variables that use economic or human cost measures of natural disasters as estimates, is
that the ensuing analysis will assess the impact of an economic variable on another
economic variable, therefore making causal inference murky. The problem that arises is
that the natural disaster impact measure might itself be endogenously determined. Most
studies attempted to explicitly or implicitly assume away the endogeneity, because in
part they concluded that a natural impact measure was “ideal but unattainable” (Noy,

2009).

Purely physical measures of natural disasters have so far only been developed and used
for the evaluation of hurricanes, tropical cyclones, and earthquakes (Felbermayr &
Groeschl, 2014). Bertinelli & Strobl (2013), Outtara & Strobl (2013), and Hsiang & Jina
(2014) use wind-field models, a measure of wind intensity per particular area. Hsiang &
Jina (2014) use it to evaluate the worldwide impact on national level economic growth.
Strobl (2011) uses it to assess the impact on county level growth in the US, and
Bertinelli & Strobl (2013) use it to assess the impact on grid-cell (5 km?) level night-
light intensity in the Caribbean.

Out of the few studies that examine the long-term effects of natural disasters, there are
only two that explicitly attempt a causal identification of the economic natural disaster
effects (Hsiang & Jina, 2014; and Cavallo et al, 2013).* Both explicitly causal papers
however come with challenges that [ hope to overcome in this PhD chapter. For one,
they both use the national level as the unit of analysis, which introduces noise into the
estimation and as I argue, is a too coarse level of analysis (for reasons of aggregation
and countervailing effects). For another, Cavallo et al (2013) use the estimated costs of a
disaster as the impact measure, which introduces endogeneity. Hsiang & Jina (2014) on
the other hand use measures of wind intensity (from a physical wind field model) as an

exogenous impact measure, which should not have endogeneity problems.

4 Additionally, Strobl (2011) would also fulfil the exogeneity assumption if one assumes that a priori all
coastal districts were equally exposed and equally vulnerable to hurricanes. If those districts that were hit
by a hurricane however were also more likely to be exposed in the past and for example have taken better
precautious measure, or have more experience in recovery, the exogeneity assumption is threatened.
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(c) “Skeptics charge disaster economists with ... seeing illusory effects that stem only from

the crudeness of the available economic measuring tools.” (NY Times, 2008, para.7)

The Modifiable Areal Unit Problem (MAUP) has received no attention at all in the
natural disaster economics literature. To the best of my knowledge, there has not been
any explicit attempt to investigate whether the disaster-growth estimations are
influenced by the size or shape of the unit of analysis. The MAUP points out that the
results obtained may be impacted in large parts by the choice of the unit of analysis and
the delineations of the chosen districts/provinces/countries (see e.g. Briant, Combes &
Lafourcade, 2010; and Openshaw & Taylor, 1979). MAUP may be occurring because of
aggregation biases, the non-randomness of unit delineations, or by its changing
delineations over time. Changing units of analysis are a pertinent concern in Indonesia,
because there was a strong push for decentralization after 2001 and the subsequent

more than doubling of districts, and their related semi-autarky.

National level aggregates, such as macroeconomic data emerging from the System of
National Accounts (SNA) of each country are the units of analysis of the vast majority of
studies looking at the disaster-growth links. Yet, the nation-level is a very coarse level of
granularity leading to problems of detectability of the effects, and to the implicit
lumping together of units displaying heterogeneous, possibly even countervailing
effects. For example hurricane Katrina in 2004, the costliest natural disaster in US
history (Burton & Hicks, 2005), had caused losses in physical and human capital of
about USD 150 Billion (an average estimate), which is about 100 percent of the annual
GDP of Mississippi and about 150 times that of Louisiana, the two most affected States.
Mixing the economic output of the two directly affected States in with the 48 that were
not affected, introduces a lot of noise making a statistical detection of the disaster signal
much harder. In fact, while devastating for the two affected States, the US national
economy as a whole was barely affected at all (Cashel & Labonte, 2005). There are also
issues of spillover effects. Surrounding regions may be stimulated because of the
construction boom in the affected area. Lumping together an economically depressed
State with an economically stimulated State washes out the effect and makes for murky

interpretation.

Here [ would like to echo what Henderson, Storeygard & Weil (2012, p. 995) argued:
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“Much of the interesting variation in economic growth takes place within, rather than
between, countries. Similarly, many of the theories about factors that affect growth—for
example, those that look at the importance of geography—pertain to regions made up of

parts of one or more countries. For the vast majority of economics research, however,

“empirical analysis of growth” has become synonymous with use of national accounts

data. We think the tools are available to set aside this limitation.”

Precisely because “the tools are available” now, an analysis that zooms in on a unit of
analysis that is up to the task of more accurately evaluating the impacts of natural
disasters is possible. I focus on district and sub-district level data in this chapter (and
province level analysis in chapter 2). In creating a sub-national dataset linking economic
indicators to exogenous physical flood measures, [ am no longer limited by the
aggregation limitations of SNA data and the coarseness of national boundaries to
evaluate economic output, and have better ways of establishing counterfactuals that
resemble the treated units better. Factors that are usually hard to control for, such as
local institutions, ethnicity, culture, and many others that could possibly have an effect
on the output measure can therewith much easier be controlled for. Overall, answering
the question of how Aceh (or how Louisiana) are faring after the Tsunami (and the
hurricane, respectively), is best done with Acehnese and Louisianan data, not
Indonesian and US data. A sub-district, district, or province is a much more appropriate
level to evaluate the impact of catastrophic events that affect a small area within the

country only.

The first papers to investigate the disaster-growth nexus with sub-national data were
Strobl (2011) and Bertinelli & Strobl (2013) who used county GDP, and night-lights data
as a proxies of economic activity. In Bertinelli & Strobl (2013) the authors linked a
night-lights data grid at a resolution of 3.3 square km to a physical measure of the
natural disasters intensity in the Caribbean. They found large negative effects and
concluded that economic growth is depressed for about 2 years after in the areas struck
by the cyclone. In Strobl (2011), he found an initial reduction of US county level GDP of
0.8 percentage points in the first year, and a partial recovery by 0.2 percentage points in
the following year and negligible effects thereafter. Sub-national data was subsequently

also used in Outtara & Strobl (2013) and Cole et al (2014).
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2.2 The 2004 Indian Ocean Tsunami

On December 26, a 9.1 magnitude earthquake off the west coast of Sumatra triggered a
giant Tsunami, with waves up to 10 meters high, causing damage up to 9 km inland. A
series of devastating Tsunamis hit 14 countries across the Indian Ocean. The worst
affected countries were Indonesia, Sri Lanka, and India. It affected Nanggroe Aceh
Darussalam, or ‘Aceh’ for short most severely, but also Sumatera Utara (Northern
Sumatra), both are provinces of the Sumatra Island (it is the island of Indonesia that is

right next to the epicentre depicted in map 2.1).

The death toll in Indonesia was estimated to be 230,000 people, and the economic costs
were estimated to amount up to USD 5 Billion. The initial damage and loss assessment
for Aceh was USD 4.5 billion, and for Nias USD 400 Million (BRR, 2006). The only
affected island was Sumatra, the easternmost island of Indonesia. Two if its nine
provinces were affected by the Tsunami. Aceh, the northwestern Tip of the island was
struck the hardest, and North Sumatra, the province just South of Aceh was also

affected, but to a much lesser extent.

After the earthquake occurred right off the coast of Indonesia, along the fault line
commonly known as the ring of fire, the Tsunami wave reached Indonesia about thirty
minutes after it. The wave reached far inland (up to 9km), particularly in geographies
with flat topographies. How far it reached at different spots was a function of elevation,
vegetation, water depth, and topography (Ramakrishnan et al, 2005; Kohl et al, 2005;
Umitsu et al, 2007). It was the deadliest disaster since the 1976 Tangshan earthquake in
China and killed almost twice as many people as the Haiti earthquake in 2010 and more
than 30 times more than the 2005 Nepal earthquake, and 26 times more than the 2015

Nepal earthquake.
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Map 2.1 Indonesia, surrounding countries, and the origin of the Tsunami
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2.3 Insearch of a case of creative destruction: Aceh might fit the bill

None of the natural disaster economics studies focussing on developing countries, to the
best of my knowledge, found a long-term creative destruction economic recovery from a
severe event. The idea of this chapter is to look at whether Aceh, the westernmost
province of the Sumatra Island in Indonesia in her recovering from the Indian Ocean
Tsunami of 2004 that crushed on its Sumatra island shores, fits the bill. If there is one
example of “building back better” (BBB), Schumpeterian creative destruction, and a

higher growth path in the long haul, it probably is Aceh.

“Aceh succeeded in building back better,” or a version of this quote was uttered by most
stakeholders involved in the construction phase, including, Bill Clinton (UN special
envoy to Tsunami recovery in Aceh), the Aceh regional government, the World Bank,
UNDP, BRR (the Reconstruction Agency set up by the Indonesian government), several
donors, the Guardian, New York Times, and academic scholars (e.g. Duncan Thomas).
This PhD chapter aims at putting numbers to these words and attempts to rigorously
evaluate whether BBB has occurred and whether it has lifted the province onto a higher

and sustained growth path with focus on the long(er) term.>

“... an opportunity to build back better and make sure that whatever they do puts Aceh on

a higher trajectory of development than before the tsunami.”

(Beate Trankmann, Indonesia country director for the UNDP, in The Wall Street Journal,
2014, by Schonhardt, S., para. 4).

The reason why many stakeholders came to the BBB conclusion, which seemingly goes
against what one would have inferred from reading the natural disaster economics
literature, primarily has to do with the reconstruction efforts launched in Aceh. Aceh
was in fact the location of the single largest reconstruction process in the developing

world. The aid allocated to the region by far surpassed the monetary damages caused by

5 The argument of how BBB leads to creative destruction or higher and sustained growth is two-fold. In
building back better, Aceh’s economic performance should increase beyond what was the counterfactual
growth path (the growth path for Aceh in the hypothetical scenario that it had not been struck by the
Tsunami), for the time the reconstruction efforts last. Once the rebuilding is finished and the province has
been built back better, the new and improved capital should allow the households to be more productive
economically, because of the upgraded capital.
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the Tsunami (USD 7.7 Billion of aid vis-a-vis USD 5 Billion of estimated destruction
costs). On average, for large disasters about 10 percent of the damage costs are
compensated for by relief and reconstruction aid (Freeman et al, 2002). In Aceh, the
compensation was 150 percent of the destruction. [ therefore have reason to assume
that even though aid was not potent enough to overcome the negative effect of natural

disasters in previous cases, it could be if its magnitude is of such immense size.

Aside from the sheer size of the reconstruction effort, also its quality was to a very high
standard, albeit far from perfect.® To avoid coordination failures, Indonesia and Aceh set
up an agency tasked exclusively with coordinating the relief and recovery efforts,
named the Reconstruction and Rehabilitation Agency (BRR). There was very little
corruption and waste recorded; USD 7.0 Billion out of the USD 7.7 Billion were actually
disbursed and spent. The agency applied sound fiduciary principles (Fengler, Ihsan &
Kaiser, 2008), there was very little aid fragmentation (Masyrafah & McKeon, 2008) and
aid volatility, normally a huge problem, was kept under control (Masyrafah & McKeon,

2008).

2.3.1 Aid and economic growth

[ speculate that aid is the principal driver of the hypothesized creative destruction, yet
the literature linking aid to growth is not settled. There is an accounting relationship
between aid and GDP. However, aid does not wholly enter GDP, meaning that aid does
not translate into GDP increases 1:1. A good illustration of this point is Afghanistan,
where 2007/08 aid to the country totalled USD 10.3 Billion, and GDP totalled only USD
8.7 Billion, which corresponds to 118 percent of GDP (see WDI, 2015). It was estimated
that only 25 percent of aid distributed to Afghanistan was actually spent “in”
Afghanistan as opposed to “on” Afghanistan (see WDI, 2015) resulting in a final aid-in-
GDP share of only 34 percent. In Aceh, annual GDP is roughly USD 8 Billion, which is
about as much as was disbursed in aid, albeit over four years, which if allocated equally
over the four years, corresponds to about 1/4th of annual GDP. Whether it actually also

accounts for %th of observed GDP is questionable. Probably it accounts for much less.

6 For sources on what went wrong with disaster-funding in Aceh, see Fengler, Ihsan & Kaiser, 2008.
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Some forms of aid disbursed will enter the GDP metric directly such as budget support,
which should boost government expenditure, or cash transfers, which enter through
private consumption and savings. For a more detailed conceptual and empirical
exploration of these channels, see chapter 3. Other parts, such as the USAID financed
Aceh-Lamno road, or the charity financed “Jackie Chan Village” (formally The Friendship
Village of Indonesia-China) only partly enter GDP. The increase in GDP is commensurate
with the share of the USD 245 Million for the USAID road and the amount for the Jackie
Chan Village that was spent on local production inputs. For example, the majority of the
raw materials for the USAID road had to be imported from neighbouring countries,
boosting their GDPs rather than that of Aceh. However, the USAID construction
employed mostly local contractors therefore positively affecting private consumption,
and therefore its own GDP. For the Jackie Chan Village, for example, supposedly an even
smaller share of the aid was Acehnese growth promoting as they used a Chinese
contractor (Vale et al, 2014). Furthermore, in-kind aid such as emergency food
assistance, blankets, and donated machinery also do not appear in GDP figures. The

amount of aid that translates to GDP is impossible to identify.

There are also important knock-on or multiplier effects related to aid. These indirect
effects may occur concurrently, in the sense that aid may attract investment in new
infrastructure, in the form of Foreign Direct Investment (FDI) or domestic investment.
The indirect effect may also manifest itself over time. Once the capital is built back
better, an upgraded infrastructure for example, it should allow for increase GDP
through increased factor productivity. For example, better machinery should allow
boosting labour output per person by making the workers more productive. A road that
is rebuilt in a better way such that it is wider, faster, and reaches beyond where it
originally reached is productivity enhancing because it takes e.g. less time to deliver

produce to the market.

There is no automatism between aid and economic growth. There are many scholars
that have asserted how aid stimulates economic development, such as, probably most
famously, Jeffrey Sachs in his 2005 book “The End of Poverty.” Others stipulate that aid
flows only stimulate growth under certain institutional conditions (e.g. Burnside &
Dollar, 2000). Some scholars even outright contest that aid increases economic growth

at all, particularly in the long run (see e.g. Easterly, 2003; and Easterly, Levine &
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Roodman, 2004). Proponents of aid argue for its crucial function in supplementing
savings and investments, and in building the foundation of long-term growth and
smoothing consumption in the short-term through public works and other programs.
Critics argue that aid in its myopia rather finances consumption and not investment
and, therefore, fails to translate into sustained growth (Arellano et al, 2009). Moreover,
they argue that aid crowds-out competitive incentives and stymies the private sector
(Easterly, 2003). It has been argued furthermore that the only thing that aid increases is
the size of government and not investment and growth (Boone, 1995). The negative
relationship between aid and growth has also been attributed to a shrinking tradable
sector and an overvalued exchange rate following the inflation brought on by larger

financial inflows (Rodrik, 2008; Arellano et al, 2009).

The debate on whether aid promotes long-term growth is anything but settled. Some
authors, applying cross-country growth regressions, show a negative relationship
between foreign aid/capital inflows and long-term growth (e.g. Rajan & Subramanian,
2005 & 2008). Others, using the same data but a different empirical strategy, as the
authors claim the “most carefully developed empirical strategy,” come to the opposite

conclusion (Arndt, Jones & Tarp, 2010, p. 23).

More recent aid-growth studies attempt to overcome the endogeneity bias inherent to
the associative findings of the past. Authors started to carry out instrumental variable
(IV) regression methods in an attempt to isolate the causal effect of aid on growth. Even
though causal methods were already attempted in the past (see e.g. Over, 1975) they
used questionable IVs (Ravallion, 2014). Arndt et al (2015) synthesizing the more
recent evidence conclude that it points to a consensus, which is that aid is indeed
beneficial for growth, debunking the aid curse hypothesis. While there are still
preeminent scholars in the field, such as for instance Angus Deaton, arguing for an aid
curse in his book the Great Escape, an “objective review” of the more recent literature

points to the opposite (Ravallion, 2014).

Identifying the average causal effect of foreign aid on economic growth by exploiting
exogenous variation in in foreign aid flows due to signed Human Rights Treaties at the
UN shows that a recipient country’s growth rate increases by five percent over the

following decade (Magesan, 2015). Others exploit the discontinuity around the income
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and governance criteria the World Bank uses to decide on concessional lending (Galiani
et al, 2014) to isolate the causal average treatment effect. Using lagged aid as an
instrumental variable, Clemens et al (2012) also find a positive effect. However, looking
also at concessional lending discontinuities, Dreher & Lohmann (2015) find no causal

effects of aid on sub-national economic development using night-lights as a proxy.

In summary, the evidence is still mixed and under much controversy, although a review
of the recent causal analysis points to a positive effect. Part of the explanation of the
heterogeneous results include different types of aid used, different sources of aid used,
different aggregation strategies, different econometric methods and different lag

structures applied (Berlin, 2015).

Aceh not only benefitted from aid, but also from transfers from central government and
remittances. Most of the financial inflows into Aceh were from foreign entities (donors,
countries, charities etc...), i.e. aid (see World Bank, 2007). Aceh, however, was also
granted an increased share of government revenues in the peace agreements. So on top
of the aid inflows, Aceh also obtained higher transfers from the central government, in
the form of an autonomy fund and an oil and gas sharing agreement. There were likely
also increases in remittances as a response to the Tsunami, however the “data on
remittances are extremely difficult to obtain” (World Bank, 2008, p. 23), and [ was
unable to get them. There might have also been transfers from the central government
for the purpose for disaster reconstruction, but there is no data on the geographical

targeting of such transfers.

2.4 Research design - exploiting a quasi-experiment

[ conceive of the Indian Ocean Tsunami as a quasi-experiment. The empirical strategy of
identifying causal economic impacts of the 2004 Indian Ocean Tsunami is based on
observing differences in economic activity between flooded districts and non-flooded
districts, which serve as a reasonable comparator group to those that have. I exploit the

exogenous, because unexpected and unprepared-for nature of the 2004 Tsunami.” The

7 The 2004 Tsunami hit all regions equally ‘unexpectedly’, therewith constituting a perfect natural
experiment for social impact assessment.
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reasons why some stretches on Indonesia’s island were hit, are because of geographic
happenstance, in that they were either close to the natural disaster, or that a barrier
island did not protect them. In fact, the UNOCHA map plotting all earthquakes that have
happened off the shore of Indonesia from 2000 - 2010, however small, shows that they
have been evenly distributed across Indonesia’s Southern and Northern coasts,
therefore not making it any more likely for one or another district (or province) to be

affected by a disaster.8

Systematic differences of pre-treatment variables would violate the comparability of the
counterfactuals, and therefore foil the natural experiment, such as most importantly the
initial wealth (or income) of the treated districts versus the control districts (see
Barthel & Neumayer, 2012; and Pielke et al, 1999), as it likely has an impact on how
each group recovers from the Tsunami. Furthermore, differences in preparedness and
mitigation efforts between the treatment and control group would be a cause for
potential systematic differences (Neumayer, Pluemper & Barthel, 2014). I found no
indication of different initial GDP levels or historic GDP trends (see the results section),
nor did I find systematic differences in preparedness levels. The districts were
completely unprepared for the Tsunami (USAID, 2014).° The last time a Tsunami struck
the shores of Sumatra was during medieval times (Monecke et al, 2008). Other
systematic differences are also checked for and by establishing parallel historic trends
between the treatment and the counterfactual group (see the results section) I establish

a high degree of comparability between the two groups.

8 See the map here: http://reliefweb.int/report/indonesia/indonesia-snapshot-earthquake-jan-2000-oct-
2010
9 http://blog.usaid.gov/2014 /12 /lessons-learned-a-decade-after-the-indian-ocean-tsunami/
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2.5 The data - going beyond national averages

[ link physical flooding measures to economic output, all on a sub-national level. I create
a unique dataset containing information on which districts have been inundated and
damaged, as a measure of Tsunami impact, as well as local Gross Domestic Product
(GDP) data to measure localized economic activity. I carried out the subsequent analysis
using a strongly balanced panel dataset from 1999 - 2012. The Tsunami struck on the
26t of December in 2004, giving me eight years after the disaster and five years of pre-

intervention data.

2.5.1 Local GDP data

My outcome measure for economic activity is from the Indonesia Database for Policy
and Economic Research (INDO-DAPOER),10 which is maintained by the World Bank. The
underlying sources of this data are several datasets provided by the Indonesian Sub-
national Bureau of Statistics. DAPOER draws heavily on data collected by the annual
National Socio-Economic Survey (SUENAS). SUSENAS is a nationally representative
survey consisting of a sample of about 200,000 households that is fielded every year.
National level GDP data in Indonesia is calculated in three different ways, which in
principle should deliver the same results; the income method, the output method and
the expenditure method (see McCulloch & Sjahrir, 2008).11 The district level GDP data

used in this analysis is based on the income method.

The raw GDP district level data is from the Indonesian Sub-national Bureau of Statistics.
The calculation of national level GDP on the other hand is usually done by the Central
Bureau of Statistics. There are slight methodological differences in the calculation of
national GDP and the subnational GDP data. These differences lead to a small gap

between the sums of GRDP (Gross Regional Development Product - when all regional

10 For a more in-depth documentation of the dataset, see http://data.worldbank.org/data-
catalog/indonesia-database-for-policy-and-economic-research.

11 The income method adds up all income from individuals and firms from the sale of goods and services.
The output method aggregates up all the values from different outputs in all sectors of the economy. The
expenditure approach adds up the expenditures of residents for goods and services, absent depreciation
and capital consumption. There is a substantial informal sector in Indonesia, which is not captured by
official GDP estimates.
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level GDP data are aggregated up to the national level) with the national GDP. The
discrepancies have mostly to do with different sector coverage for the accounting. An
example leading to the slight discrepancy is that national GDP includes the contribution
of foreign embassies to the national GDP, while the subnational calculation does not

include it.

The GDP data I use for the analysis exclude the oil and gas sector. There are a series of
reasons for why I use GDP data absent of this sector: (a) none of the affected districts
have oil and gas resources, and for the purpose of establishing a good counterfactual
describing the non-affected districts it is thus much better to look at the GDP without
the contribution from oil and gas. (b) The oil and gas sector has very few links with the
rest of the economy and employs only very few people (see World Bank, 2009). (c)
There seem to be quality issues of data on oil and gas production in that there are
discrepancies with data coming from the Ministry of Energy and Mineral Resources and
other governmental agencies (see World Bank, 2009). (d) Oil and gas reserves are
depleting rapidly, which has direct consequences on the composition of GDP as seen in
figure 2.1. In 2012, the latest year available, oil and gas account for less than 10 percent

of the economy in Aceh.

Figure 2.1: Aceh’s GDP evolution
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2.5.2 Flood data

[ overlapped different inundation maps provided respectively by the Centre for Satellite
Based Crisis Information (ZKI) at the German Remote Sensing Data Centre (DLR) and
the Dartmouth Flood Observatory (which is based on MODIS satellites). Flood data and
maps were produced chiefly to guide on the ground relief and aid efforts. The
inundation / damage maps were used to support disaster management operations,
humanitarian relief activities, and civil security issues. They were produced in the
weeks after the disaster and capture satellite information from 1-5 days after the
Tsunami struck.!?2 The Tsunami waves, which were up to 10 meters high, inundated
areas as far inland as 9km off shore. Flood maps do not distinguish between flooding
intensity per area. For example, it could be that further inland the Tsunami wave
inflicted less damage, because of less powerful flooding and water volumes. For the
purposes of the analysis presented here, [ assume no differences in the severity of
impact between any of the diverse areas that were flooded. Figure 2.2 shows how
damaged areas on images taken by Landsat satellites are converted to maps by using
spatial algorithms detecting differences in the colour between before and after (on 29

December 2014) pictures taken from space.

12 Different days were combined in order to allow for non-intermittent depiction of the entire extent of
flood damage, which is necessary because cloud coverage on some days foils a clear depiction of the
flooding.
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Note: This illustrative map depicts the inundations of Aceh. Aceh’s Simeulue islands, which have also been flooded are not depicted in this map.
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The equivalent of about 34 percent of the Acehnese shoreline, in total 600km, was
flooded by the 2004 Indian Ocean Tsunami. The Tsunami wave went as far inland as
9km. The total area destroyed was 120.295 ha, where about 1/5th was settlement, and
1/3rd was agricultural land (Shofiyati et al, 2005).

Map 2.2: Inundation areas of the 2004 Indian Ocean Tsunami in the Aceh province

Aceh Utara

Aceh Tengah

Aceh Barat

Aceh Tamisng

Nagan Rays

Aceh Barat Daya

Aceh Tenggara

Aceh Singkil

Note: Flooded areas according to the German Aerospace maps & the Dartmouth Flood Observatory
estimations. The Aceh province has 23 districts, of which 10 were flooded and 13 were not flooded. The
above map does not show the two island districts of Simeulue and Aceh Singkil that were also flooded.
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2.6 Empirical strategy - Causal method for impact evaluation

To implement the quasi-experimental research design, [ carry out difference-in-
differences regression estimations with GDP and night-lights data, on the local level. I
find evidence supporting the creative destruction hypothesis, not only in the short run
but also in the long run. I perform several robustness checks of this causal effect,
including using alternative measures, specifications, and methods. I also look at
heterogeneous treatment effects as well as spillover effects and the importance of the

geographical scale of the units of analysis for the results.

2.6.1 Difference-in-differences analysis of district level GDP data

Based on the satellite image analysis of the geographical extent of the flooding, |
determined that 10 districts in Aceh were flooded by the Tsunami (see the blue districts
in map 2.3). The remaining 13 districts of the province were not flooded, and serve as
my counterfactual district pool. Note that by comparing the Tsunami stricken districts
of Aceh with other districts from the same province, I am able to control for unobserved
heterogeneity in Aceh, a province that is indeed quite different from the rest of Sumatra.
Most notably, the province was waging civil war against the central government of
Indonesia for 29 years prior to the Tsunami, causing 15,000 casualties.13 Moreover, the
region is much more religiously and culturally conservative. It has become even more
so, since the widespread perception that the Tsunami was punishment for not enough
Muslim piety within the province, triggering a sharper enforcement of the Sharia law,
with the controversial launch of a Sharia police and even the expansion of the law to
cover also the 80,000 non-Muslims in the region as of recent. By comparing the ten
flooded districts of Aceh with the 13 non-flooded districts of Aceh, these heterogeneous
treatment effects along with others that are unobservable and related to the

idiosyncrasies of the province are accounted for. A second counterfactual for the

13 The impact of violence on GDP is explored in chapter 4 of this PhD thesis.
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comparative analysis is the remaining part of Sumatra, composed of the 72 districts,

depicted in lime green in map 2.3.

The data for North Sumatra, the greyed out province in map 2.3, was dropped for the
main part of the analysis, because only two out of the 21 districts of North Sumatra
were directly affected and both of which are island districts. The "mainland" districts of
North Sumatra remained unharmed. To have an analysis less biased by the island
characteristics of the affected districts, the entire province of North Sumatra was

excluded. As a robustness check, I included North Sumatra’s districts also (see map 2.4).
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Map 2.3: Aceh analysis schematic: Composition of treatment group and control
groups on the island of Sumatra

Note: The 10 blue districts indicate the Tsunami flood treated districts. The 12 red districts are the
counterfactual districts from Aceh. The 72 lime green districts are another set of counterfactual districts

from the remainder of the Sumatra Island. North Sumatra districts (grey area) were not included in the
analysis, because only the two island districts were struck by the Tsunami. The stricken (blue) districts
are Aceh Barat, Aceh Besar, Aceh Jaya, Aceh Pidie, Banda Aceh, Bireuen, Nagan Raya, Pidie Jaya, Sabang,
and Simeulue. The comparator (red) districts in Aceh are Aceh Barat Daya, Aceh Selatan, Aceh Singkil,
Aceh Tamiang, Aceh Tengah, Aceh Tenggara, Aceh Timur, Aceh Utara, Bener Meriah, Gayo Lues, Langsa,
Lhokseumawe, and Subulussalam.

Formalizing the difference-in-differences analysis: There are two groups; Tsunami
stricken (“treated”) districts and non-stricken (“control”) districts: D = 1 means that the
district was affected by the Tsunami flood in 2004, D = 0 means that it was not, in other

words D =1 are the treated units and D = 0 are the control units. There are two periods,
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pre- and post-disaster, with pre-disaster ranging from the years 1990 - 2004 and the
post-disaster ranging from 2005 - 2012. T = 0 indicates pre-treatment,and T = 1

indicates post-treatment, where T is short for treatment (flood).

The potential outcome is denoted as Yui(t), where i denotes the district, d, whether the
district has been treated or not, and t refers to the time either pre- or post-disasters. Y
our measure of income is proxied by district level GDP data. I focus mostly on the GDP
per capita analysis since this is a better measure of how people are faring, particularly
in a region, where about five percent of the population died in the Tsunami waves.
Notwithstanding I also present some results using district level GDP data as it
sometimes offers an interesting insight into how much of the changes in income stem

from population dynamics.

In a perfect world, we would have an outcome of Yii(t), which we could compare with
Yoi(t), for the same unit, and would measure the causal effect for unit i at time t as
a;(t) = Y;;(t) — Yy;(t) . However, a flood can either hit a particular district, or not, there

is no parallel universe that allows us to have it both ways.
The estimand is the average treatment effect on the treated (ATET):
asrer = E[Y1;(1) = Yo, (D |D; = 1]

The estimator of our control strategy is obtained by difference-in-differences
computation, which computes the difference of income between treatment and control

groups:

a={E[Y|D=1T=1]-E[Y|D=0,T = 1]}
—{E[Y|D =1,T =0] —E[Y|D =0,T = 0]}

where E[¢|D,T] = 0. The above holds under the assumption of parallel trends.

[ will exploit the panel data set, by using a fixed effects regression with district and
period-fixed effects (which should allow estimating a growth path). The estimation
strategy follows a difference-in-differences approach, where I model the first log
differences of district level GDP and district level GDP per capita data as an impulse -

response function that is linear in contemporaneous and historic exposure:

ln(Yi,t) - ln(Yi,t—l) =a+6D;*Ty) +dp +v; + & (1
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This impact measure should allow to estimate the average annual impact of the
Tsunami on economic growth. Then, I split up the individual years, to get a sense of
what impact the Tsunami had in each year, by implementing a distributed lag model of

the form:
ln(Yi,t) - ln(Yi,t—l) =a+ X72580s[6:(D; * TO1 + dp + v + € (2)

Where Di distinguishes between Tsunami stricken districts (1) and non-stricken
districts (0). Tt also a dummy variable, denotes the Tsunami affected years from 2005 -
2012 with 1 and the non-affected years from 1999 - 2004 with 0. The interaction term
Di* Tethus denotes the Tsunami stricken districts in the post-Tsunami era with 1 and
the rest with 0. Therefore § is the main coefficient of interest because it captures the
causal effect the Tsunami has on growth, if the identifying assumption is met that the

treatment is randomly assigned. D; is uncorrelated with n(e).

To correct for unobservable but fixed confounders year fixed effects (d:) and district
fixed effects (y;) are included. District fixed effects are included to control for omitted
variables such as municipal government quality. By including district dummies, the data
are demeaned and any long run trend is removed (see Noy, 2009). Time fixed effects are
included to account for common macro shocks that affect secular growth trends over

time.

Following Hsiang & Jina (2014) I construct the cumulative effect (w;) that the Tsunami
had in period ¢t on the flooded districts, as a sum of the year-specific disaster-growth
effects (8;) that are resulting from the estimation of equation (2) from the

contemporaneous year plus the historic years : w; = Y2232 . &,

[ did not include D; (as a measure of how similar the treatment and the control group
are), or T; as separate terms, outside of the interaction term specification, because they
are both linear combinations of the time and district fixed effects. For the same reasons,
I also did not include time-invariant variables. Moreover, I did not include district
specific time trends, other than as a robustness check, because the income trajectories
of all districts in Aceh followed a similar trend and were curved equally. No additional
time varying control variables are included, other than in the robustness checks, since

everything measurable could have also been responding to the Tsunami treatment.
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With equation (1) [ am testing the average annual effect the Tsunami has had on the
stricken districts in all eight post disaster years combined. By implementing equation
(2), which describes a distributed lag model, where the different lags capture the
historical exposure to the Tsunami, I measure the different effects the disaster has had

on each year since it happened.

[ assume that ¢ is heteroskedastic and serially correlated within a district for 10 years
(Newey and West, 1987). I furthermore assume that there is spatial autocorrelation
across contemporaneous districts up to a distance of 100km (Conley 1999 & 2008). The
code for correcting the Standard Errors (SEs) for spatial and serial autocorrelation as
well as for heteroskedasticity was adapted from Hsiang (2010). The spatial weighting
kernel applied was uniform as suggested by Conley (2008).14 One district being affected
is a good predictor for the neighboring district to also being affected; i.e. there is no
independence of treated units. Space could thus play a role in determining the economic
output measured causing the data to be non-random and making it thus important to
correct the SEs for the common factors (the spatial autocorrelation) (see Gibbons,
Overman & Patachini, 2014). The reason why I correct SEs for serial autocorrelation is
that a flooded district in 2005 perfectly predicts that the same district will be
designated to have been flooded in the ensuing years also, since I not only measure

contemporaneous but also historic exposure.

Why growth rates instead of levels? I estimate equations (1) and (2) in first log
differences because while GDP and GDP per capita levels are not trend-stationary, year-
on-year growth is (Hsiang & Jina, 2014). Moreover, taking growth rates should help
with temporal dependence. Even though trend-stationarity could be overcome with
other alternatives, using growth rates allows me to directly benchmark the estimated
effects to those from other studies, as most papers have also used growth rates instead
of levels. The most relevant papers to which I will be comparing my results to are
Hsiang & Jina, 2014; Cerra & Saxena, 2008; Noy 2009; and Cavallo & Noy 2011.
Nevertheless, | also estimate level equations, as a supplement to the growth regressions

(see figure A2.2 and table A2.1 in the Appendix).

141 also experimented with difference spatial lags, including uniform lags up until a distance of 100km, as
well as different duration limits for autocorrelation analysis, as a robustness check.
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2.6.1.1 Joint effects: Flood & aid (and other reconstruction funds)

“An analysis of Aceh’s economy after the tsunami and the end of the conflict will face a
challenge: the confluence of a series of dramatic events with a large impact on the
economy, which makes the identification of causes and effects very difficult. “ (World Bank,
Aceh Growth Diagnostic, 2009, p. 6).

As with any quasi-experiment, the powers of the “experimenter” are limited. Unlike a
medical trial in a controlled experimental setting, where some patients of the treatment
group receive a physical treatment (Tsunami), some a pharmaceutical (aid money), and
others receive both the physical treatment & the pharmaceutical (Tsunami & aid
money), [ can only evaluate the effect of both treatments combined in this study. The
estimated treatment effects do not give us a sense of whether these effects stem from
the Tsunami inundation or aid. In other words, it does not show in how far the negative
effect of the Tsunami (assuming there is one) is counterbalanced by the positive effects
of aid (if there are any). The joint Tsunami & aid treatment effect on economic growth
will also not tell us how much of it is due to the direct effect, say from re-building a road,
and how much is the result from higher economic productivity, say from making it

cheaper for the shrimp farmer to transport her goods to the local market.

Despite the impossibility to disentangle aid from the Tsunami floods, conceptually
speaking, the causal identification and the difference-in-differences method I apply in
this paper is still sound because the post-treatment measures hypothesized to drive the
changes is GDP (aid, etc...) are a consequence of the Tsunami. Without the Tsunami,
there would have not been any reconstruction and recovery aid. Therefore, the effects
on the economy investigated were strictly speaking brought on by the Tsunami.
However, it is quite relevant particularly for policy recommendations to understand the

results in their particular aid context.

The Tsunami caused remarkable social change. [t mobilized the largest sums of
reconstruction aid money ever recorded in the developing world, and it ended a 30
years-long civil war and brought peace to the Acehnese province. As mentioned in the
previous paragraph, in this chapter I do not disentangle between the natural disaster

treatment and the resulting aid influx treatment, but [ am able to control for the effects
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of peace (see the empirical section for details).1> In other words, I de facto evaluate the
joint treatment effects of the natural disaster and the financial inpouring it triggered, by
using the physical flooding measure. In that regard, my study is no different from other
international econometric panel studies that compare the impact of natural disasters on

economic growth since aid was inherent to these papers’ analysis also.

The measures of aid disbursed per person and the measures of flooding intensity used
(share of flooded area, share of population flooded, amount of people killed, and amount
of people directly affected), have correlation coefficients ranging from 0.84 to 0.92. The
reason why I picked Tsunami flooding as the treatment measure, instead of an aid flow
measure is that the measure of tsunami flooding is a truly exogenous variable, which
can be assumed to have been quasi-randomly allocated. The as-if random assumption
cannot be extended to aid. Even though aid seems to have largely followed the needs of
the tsunami recovery, as indicated by such high correlation coefficients, the patterns of
aid flows cannot exhaustively be explained by the Tsunami intensity. The unexplained
remainder, may as well introduce an endogeneity bias if aid instead of physical Tsunami

flooding measures had been chosen.

Much of the economic effect caused by the Tsunami was brought on by the aid flows it
triggered, as well as by the peace it brought to the region, and with the peace the
increased allocation of Indonesian government revenue to Aceh. It may very well be, in
fact, it is quite likely that the creative destruction hypothesized in this paper, should it in
fact materialize in the data and evidence, could not have occurred had it not been for the
unprecedented amounts of aid and revenue obtained by Aceh. This however does not
mean that we would have needed a treatment case consisting of districts that did not
receive any aid, since this is quite unlikely to ever occur in the real world. As shown by
Freeman et al (2002), countries afflicted by extreme disasters receive on average 10

percent worth of damages in compensation.1® Nevertheless, what the joint treatment

15 The Tsunami caused the end the 30 years-long conflict between Acehnese separatists and Indonesia’s
military that caused about 15,000 deaths, which is considered another powerful reason for why the
Tsunami may have positively affected Aceh’s growth path. The Tsunami brought lasting peace. It ended
the conflict between the GAM (Free Aceh Movement) separatists and the government. A peace deal
between the rebels and the government in Jakarta was signed less than half a year after the disaster. I
specifically look at the effects of conflict and peace in chapter 4 of my PhD thesis.

16 As mentioned earlier, Aceh received almost 150 percent worth of damages in aid.
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effect means is that one has to be careful in interpreting the results, particularly when

making policy recommendations.

2.7 Findings

In this section, | am presenting the results of the empirical quasi-experimental analysis.
[ find that the Tsunami resulted in creative destruction, stimulating short-term per
capita growth as destroyed capital is built back better. I also find that the built back
better physical capital facilitates increased productivity, which leads to more economic
output per capita in the long run. I present several robustness checks to test the creative
destruction finding, including alternative measures, alternative units of analyses,
alternative specifications, alternative samples, and alternative methods. I also carry out
analysis using heterogeneous treatment measures. I find that the more a district was
devastated by the Tsunami floods the stronger the creative destruction effect observed.
[ also present my findings from the spillover analysis, and my analysis of the
implications of using aggregate measures for disaster-economic impact analysis. I find
no significant spillover effects. I do find evidence for the importance of the choice of

geographical units of analyses for the estimated results.

2.7.1 Creative Destruction

Mean comparisons over time between treated and control group

Figure 2.3 displays a simple graphical representation contrasting the mean dynamics of
the treated group with the mean dynamics of the control group. It provides a first
estimate of the economic impact of the Tsunami. The figure shows an affirmation of the
parallel historic paths assumption, which allows the inference that the treatment group
is indeed comparable to the counterfactuals, as they behaved historically similarly in
the years leading up to the disaster. There is no indication of differences in religion,
culture, war, or any other unobservable dimension to have different impacts on the GDP
growth paths, as evidenced by parallel historical trends. Following the natural disaster
the parallel historic paths are ruptured and significant deviations occur that offer an

interesting insight into how flooded districts cope with the natural disaster over time.
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The timeline for aid is quite relevant for the ensuing analysis since it allows to assess
whether economic growth patterns change after it has run out. If there is indeed a
recovery detectable due to aid as hypothesized, it is interesting to investigate further
whether it is sustainable beyond the point when aid stops. Aid totalled USD 7.7 billion
and was officially completed by the end of 2008 (Henderson & Lee, 2015; and
Masyrafah & McKeon, 2008). Since 2009, there was no more assistance from donors
(Vale et al, 2014). The vertical black dashed line in figure 2.3 indicates the year by which
most aid had been spent. According to my own analysis of RanD data,'” 94 percent of aid

was spent by 2009.18

The trends of GDP per capita group means in figure 2.3 suggests creative destruction,
but will be tested more formally in the section to follow. Conducting the same analysis,
but with GDP, instead of GDP per capita is in figure A2.1 and figure A2.2 in the
Appendix. Unlike GDP, which contracted by about 7 percentage points compared to the
counterfactual, GDP per capita does not show to have a contraction in the immediate
aftermath (2005) of the Tsunami. The fact that GDP per capita does not show such a
contracting effect is an indication that the contraction in GDP was mostly based on the
foregone economic activity from the tragically killed population. In other words, the
results suggest that fewer people result in less aggregate economic activity within the
affected districts, but the average person after the disaster does not seem to engage in
less economic activity in the year after the disaster than the average person before the

Tsunami struck.

17 See chapter 4 of my PhD thesis for a detailed description of the RanD database.

18 Some critical commentators have argued that it would have been better to not spend all of the money
within a few years and to set up a trust fund that disburses over the long haul. However, donors like to
see concrete results in relatively short time.
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Figure 2.3: Parallel paths before the Tsunami: GDP per capita evolution in Aceh’s
Tsunami stricken districts compared to not stricken counterfactuals

Tsunami  Most aid spent

/
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Tsunami stricken not Tsunami stricken
Rest of Sumatra (w/o North Sumatra)

Note: Blue districts (n=10) are those within which territories were flooded by the Tsunami. Red districts
(n=12) are counterfactuals within Aceh. Green districts (n=72) depict non-Aceh counterfactuals from the
Sumatra Island. GDP measures are normalized at the year 2004. The vertical blue line indicates when the
disaster struck and the vertical black line depicts when aid flows dried up (more than 94 percent of total
aid committed was disbursed).
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Difference-in-differences results

Creative destruction, which I define to mean as more economic output than would have
occurred had the Tsunami never struck, was caused by the Tsunami in Aceh.
Implementing the regression specification (1) shows that overall, the Tsunami (and the
aid it triggered along with the other responses it caused) boosted district-level GDP per
capita growth by 4 percentage points annually, relative to how the district would have

grown had the disaster never struck (see column 1 in table 2.1).

Table 2.1: Aceh’s Tsunami-growth causality panel regressions, 1999 - 2012

Treated group: Tsunami affected districts (blue) in Aceh
o o Aceh non-flooded
Sumatra control districts (red & Non-Aceh districts L
Control group: control districts
green) (green) (red)
Dependent Variable: GDP per capita growth rate
Tsunami (average year) 0.041 *
(0.020)
Tsunami_05 0.008 0.011 -0.004
(0.030) (0.030) (0.030)
Tsunami_06 0.154 *** 0.163 *** 0.101 *
(0.030) (0.030) (0.050)
Tsunami_07 0.012 0.014 0.005
(0.020) (0.020) (0.020)
Tsunami_08 0.055 ** 0.056 ** 0.048 *
(0.020) (0.020) (0.020)
Tsunami_09 0.023 0.024 0.02
(0.020) (0.020) (0.020)
Tsunami_10 0.028 0.033 -0.003
(0.010) (0.020) (0.030)
Tsunami_11 0.014 0.016 0.008
(0.020) (0.020) (0.020)
Tsunami_12 0.013 0.015 0.005
(0.020) (0.020) (0.020)
Year FE Yes Yes Yes Yes
District FE Yes Yes Yes Yes
SE Spatial HAC Spatial HAC Spatial HAC Spatial HAC
Observations 1287 1287 1118 299
R-sqr 0.24 0.25 0.24 0.34

Note: GDP refers to district level GDP. Each column is a separate OLS regression. Spatial HAC Standard
Errors (SEs) are SEs, which take into account spatial heterogeneity, serial heterogeneity, and
heteroskedasticity. SEs are in parenthesis. *, **, *** mean significance at the ten, five, and one percent

level, respectively.
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Implementing the distributed lag model formalized in specification (2) shows how
intricately the effects of the Tsunami on GDP per capita come to bear over time. The
cumulative effect of the Tsunami on economic activity is displayed in figure 2.4 (with
the underlying regression table 2.1). If there was no effect of the Tsunami on the
economic performance of Aceh, such a zero effect would have been shown as tracing the
line of origin in the below graph. Moving horizontally in the graph depicts the marginal
change from one year to another. The figure shows a monotonically increasing function,
which indicates that, the positive Tsunami effect of each year is piling onto the
cumulative positive effects of the year(s) before. The largest marginal increase in
growth rates occurred from 2005 to 2006, when Aceh jumped by 15 percentage points
from one year to the other, compared to the non-flooded counterfactual. The graph
shows that the cumulative effect of the Tsunami on economic performance is
substantial and reaches about 30 percentage points by 2012. In other words, the
observed per capita output in the Tsunami flooded districts by 2012 is about 30
percentage points more than it would have been had the districts not been affected by
the Indian Ocean Tsunami. These results allow me to reject the contraction hypothesis

and (for now) accept the creative destruction hypothesis.
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Figure 2.4: Impulse-responses: Cumulative effect of the Tsunami on GDP per
capita growth rates
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Note: The dashed lines represent one Standard Error bands. Plotted here is the comparison of the treated
group with the two counterfactuals (red & green districts) combined. See the Appendix for a graphical
analysis with both of them separately. The SEs depicted are robust to spatial and serial autocorrelation
and are corrected for heteroscedasticity. For the annual coefficient point estimates, see table 2.1.

The estimated disaster-growth elasticities do not confirm increased long-term growth
rates, but what they do confirm is an increased long-term output per capita. The
absence of contracting growth rates of the flooded districts, relative to the
counterfactual districts, indicates that their per capita output remains persistently
higher in the long term. In further discussing the findings emerging from the dynamic
model, I distinguish between the following post-Tsunami periods: immediate aftermath

(2005), recovery (2006 - 2008) and post-recovery (2009 - 2012).

Immediate aftermath: The first year after the Tsunami shows no difference in GDP per
capita growth rates between the treated and the counterfactual groups (see column 2 of
table 2.1). Inspecting the results of GDP instead, shows that GDP in turn contracted
substantially in the first year (see figure A2.1 & figure A2.2 in the Appendix). The
absence of this statistically negative effect of the Tsunami on per capita growth in the
first year after the natural disaster indicates that the reconstruction efforts kicked in

pretty quickly bridging and substituting foregone economic activity with reconstruction
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efforts. It furthermore indicates that the reduced economic activity as measured by the

GDP can be explained by the more than 200,000 casualties caused by the Tsunami.1?

Recovery: While there were virtually no differences in the GDP per capita measure
between the treatment and the counterfactual group in 2005, the year after in 2006, the
growth promoting effects kicked in, causing the flooded district economies to grow by
15 percentage points more than had they not been flooded (relative to the
counterfactual scenario). Looking at GDP only shows that the Tsunami stricken districts
bounced back re-gaining the ground they lost in the first year and recovered beyond the
counterfactual growth path (see figures A2.1 and A2.2 in the Appendix). In year 2007,
the Tsunami stricken districts grew by about 1 percentage point more and in year 2008

they grew by about 6 percentage points more.

Post-recovery: What happens when all the construction dust has settled, the rebuilding
efforts have ceased, and aid funds have all dried up? For the long run, I can reject that
the growth rates decrease in Tsunami flooded districts as a symptom of converging
income levels (as would have been indicated by a reverting to the line of origin in figure
2.4). In other words, the evidence is strong enough to preclude that the flooded districts
enter a contractionary spiral after the aid has stopped. Whether the long-term causal
effects were such that the flooded districts continued to grow at higher rates beyond
2008 (as indicated by a continued increase of the solid line in figure 2.4), or whether it
has reached a parallel higher economic output path (as indicated by a flat line beyond
2008) remains uncertain. Even though figure 2.4 suggests that there is a monotonic
increase in growth rates in the post-recovery phase, these positive elasticities are not
statistically significant in 2011 and 2012. [ conclude that the Tsunami caused economic
output per capita to be higher for Tsunami flooded districts even in the long run, but
whether growth rates of these districts are also higher in the long run cannot be

concluded with any sensible degree of certainty.

Regardless of which counterfactual is chosen to benchmark the flooded districts’
economic growth rates, the creative destruction trend holds (as shown by comparing

the different columns in table 2.1). The creative destruction effects are less pronounced

19 This drop in GDP is however counteracted in the years to come with statistically higher economic
growth rates, leading to an overall positive effect of the Tsunami on long-term growth rates.

55



when comparing the flooded districts (blue) to non-flooded (red) districts within Aceh,
rather than non-flooded (green) districts in the rest of Sumatra. For instance, while the
flooded districts of Aceh grew by more than 16 percentage points faster in 2006
compared to the non-flooded districts of the rest of Sumatra (green), they only grew by
10 percentage points faster compared to the non-flooded districts of Aceh (red). This
discrepancy may be explained by positive spillover effects from creative destruction,
indicating that the non-flooded districts in Aceh benefited from positive neighbourhood
effects. Spillover effects are investigated in section 2.7.4, where I show that there is an
indication of the existence of spillover effects to directly adjacent districts, albeit the

effects are not statistically significant.

To gain a better idea about the magnitude of the causal Tsunami-GDP effects, I also
performed the difference-in-differences analysis in levels. I find that the average annual
growth caused by the Tsunami is USD 16 per capita. While the year immediately
following the Tsunami shows negative effects, in the year 2006, the extra GDP per capita
caused by the creative destruction of the Tsunami is USD 60, a difference that is steadily
dwindling over time, to USD 10 in 2010 an then to the single digits for the following
years (albeit not being statistically significant). See table A2.1 in the Appendix for the

detailed results.
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2.7.2 Robustness checks

[ performed a suite of comprehensive robustness checks, attempting to put the results
indicating a stimulated per capita economic growth rate, caused by the Tsunami, to the
test. The thorough robustness checks conducted vindicate the finding of creative
destruction and a higher output path. Sensitivity analyses confirm the Tsunami-growth
spur result, and find that it is robust to selecting alternative sub-samples, choosing
alternative specifications of the regression equation, using alternative measures of the
economic output variable, the Modifiable Areal Unit Problem, alternative estimation
techniques, and placebo tests. The robustness checks confirm that the Tsunami caused
persistently higher per capita economic output in the long run, and shows that higher

long-term growth rates are unlikely.

2.7.2.1 Alternative sub samples

Experimenting with different compositions of the sample to base the analysis upon
serves not only as a good robustness check, but also offers interesting insights into how
the treatment effects are altered by different underlying geographical patters. In this
section, I look at how the results change if one includes North Sumatra also, and how
they change if one takes into account the island versus mainland, coastal versus inland,
and urban versus rural dimensions. I also look at how the results change if the focal
point of the recovery effort, the city of Banda Aceh, is excluded. Finally, I also take into
consideration the interplay with other socio-demographic and economic factors, and by
assuring that both the treatment and the counterfactual donor pool are comparable in
their composition in terms of pre-treatment poverty rates, GDP levels, agricultural share

of GDP, infrastructure, and human development levels.

Including North Sumatra: Island districts versus non-island districts

In a second round of district level analyses, I also included the Tsunami stricken island
districts of North Sumatra. Mainland districts of North Sumatra were not flooded (see

map 2.4). For this analysis, there are 12 Tsunami stricken (blue) districts in the
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treatment group and 29 non-stricken (red) districts in the control group. A second
control group is composed of 72 non-stricken (green) districts consisting of districts
from the remainder of non-stricken Sumatra districts, excluding the Aceh and North

Sumatra provinces.

Map 2.4: Including North Sumatra: Composition of treatment and control group
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Note: The two Tsunami stricken districts of North Sumatra are Pulau Nias and Pulau Tanahbala.

Expanding the analysis to include also the two affected island districts of North Sumatra
and correspondingly also the non-stricken districts of North Sumatra in the
counterfactual group, confirms the creative destruction hypothesis, as it shows recovery

and growth beyond the counterfactual after 2005 (see figure 2.5, and figure A2.4 in the
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Appendix for a simple comparison between the means). Even though the disaster

reduced district incomes, relative to the counterfactual, by 1 percentage point in the

first year (albeit not statistically significant), it elevated them by 14 percentage points in

the year after. The first two years were the only two years that appeared to be
statistically significant, the recovery boost obtained in the second year was large
enough for the stricken districts to permanently remain above the counterfactual
economic output scenario. With aid flows drying up however by the end of 2008, the
flooded districts contracted, relative to the not-flooded counterfactual, a drop from
which they recovered quickly, and reverted to the increased long-term growth path. A

reverting to the pre-Tsunami growth path and consequentially a convergence is

rejected. Due to the cumulative error bands increasing significantly from 2009 onwards,

it can no longer be asserted with statistical confidence that the long-term GDP per

capita output path is different from the counterfactual path.

Figure 2.5: Impulse-responses: Cumulative effect of the Tsunami on GDP per

capita growth rates
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Note: The dashed lines above represent one Standard Error bands. Plotted here is the comparison of the

treated group with both counterfactuals (red & green districts combined). See the Appendix for an

analysis of both of them separately. The SEs depicted are robust to spatial and serial autocorrelation and

corrected for heteroscedasticity.

59



A more sluggish recovery was observed on the island districts compared to the
mainland districts. Ruined infrastructure, impassable roads, bad communications,
destroyed airports and harbours, among other reasons made it much harder to deliver
aid to island districts (Fengler, Ihsan & Kaiser, 2008). To investigate closer whether
island districts recovered differently from mainland districts, I looked at them
separately (see figure A2.5 in the Appendix). While mainland districts were indeed
hoisted onto a higher per capita output path, island districts were not. Notwithstanding
island districts still showed a recovery to the counterfactual growth path, with
convergence occurring after the first year post disaster. Right after the aid stopped,
there was a substantial drop in economic activity, which however only lasted for the
duration of two years and then the growth series reverted to the counterfactual growth

path.

Apart from logistical issues, there may have been other factors that contributed to the
slow growth rate of island districts. Islands may have recovered differently from the
mainland because they had much less fatalities. Whereas on mainland Aceh the most
recent Tsunami hit the shore in medieval times, Simeulue was hit by a Tsunami in 1907
which spared “mainland” Indonesia (Monecke et al, 2008). The island population, which
is culturally different from the mainland population, had retained a collective memory
and took proper measures when the water started receding on Boxing Day in 2004.
Simeuluans passed on the story of Smong (meaning Tsunami in Devayan language) from
generation to generation, which functions as an effective early-warning system of
collective awareness (Syafwina, 2014). When the island inhabitants saw the water
receding they correctly inferred that a Tsunami was to follow, something that mainland
Indonesians were unaware of (Gaillard et al, 2008). Countless lives were spared by this
cultural memory, and “only” seven out of the 78,000 inhabitants of the island died even

though it was physically devastated.

Coastal districts

[t may be argued that inland districts do not make appropriate counterfactual
candidates, because they are different in many ways (e.g. less likely to be engaged in

fishing, less likely to be the centre of tourism, no need for disaster preparedness
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measures at all, to name just a few). These omitted variables may constitute a bias,
despite having shown similar historic paths of the flooded and non flooded districts. To
verify that the creative destruction holds, I also performed a robustness check looking
only at coastal areas. Broadly speaking, I obtained results comparable to those where
inland districts were also included (see figure 2.6 and how it compares to figure 2.4).
The magnitude of the Tsunami effects on GDP per capita is only slightly less, with a
cumulative growth rate of 33 percentage points more by 2012, as opposed to 42

percentage points in the original estimation including non-coastal inland districts.

Figure 2.6: Coastal robustness check: GDP per capita growth responses to the
Tsunami
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Note: The following districts of Aceh were not included because they were inland: Aceh Tengah, Aceh
Tenggara, and Gayo Lues. The following districts of North Sumatra were not included because they were

inland: Binjai, Dairi, Karo, Padang Sidempuan, Pematang Siantar, Simalungun, Tapanuli Tengah, and Toba
Samosir.

Dropping Banda Aceh

Banda Aceh is the largest city and the capital of Aceh. It was the centre of much of the
relief effort and in particular of the first waves of the aid programs, when many of the

remoter districts were hard to reach because the Tsunami destroyed much of the
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infrastructure. Therefore, I exclude Banda Aceh from the analysis and see whether the
remainder of the districts still display a creative destruction type recovery. This should
allow assessing whether creative destruction was driven only by Banda Aceh. In
dropping Banda Aceh from the sample I find that there is not much of a difference from
the creative destruction recovery path described by the full sample to the one missing
Banda Aceh (see figure 2.7). The cumulative marginal ‘creative’ effects of the Tsunami

by 2012 only dropped from 43 percentage points to 41 percentage points.

Figure 2.7: Excluding Banda Aceh robustness check: GDP per capita growth
responses to the Tsunami
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Cities versus rural districts

In this section, [ examine whether there are differences in how city districts (the so-
called Kotas) recover, compared to how rural districts (Kabupatens) recover, with a
particular benchmarking focus on the general creative destruction finding. I find that
both the urban and the rural districts displayed creative construction relative to their
non-flooded urban or rural counterfactual, respectively (see figure 2.8). While both

displayed creative destruction, the growth trends were quite different.

Flooded cities have taken off instantaneously after 2005, being propelled to a beyond 40
percentage points higher growth path already by 2006. Flooded cities grew significantly

62



faster than non-flooded cities until 2009, beyond which year they no longer grew
statistically faster, yet maintaining higher per capita output levels (with no sign of
convergence to the counterfactual trend). The effect of Tsunami flooding on villages was
quite different, even though also ‘creative’, and leading to similar growth differentials by
2012 between the flooded and non-flooded groups. Flooded villages show a much
slower onset growth differential compared to the non-flooded village counterfactuals.
Another difference to cities are that they maintain higher statistically significant annual

growth rates until 2012, the last year observed in the dataset.

Figure 2.8: Cities versus villages - robustness check: GDP per capita growth
responses to the Tsunami
Panel A: Cities (Kotas) Panel B: Villages (Kabupatens)
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Note: The Y-axis in panel A also applies to panel B.

2.7.2.2  Alternative specifications

In this section, I show the robustness of the creative destruction result to alternative
specifications. Out of a near infinite possibility of specification alternatives, I chose
those that could reasonably be argued to make sense from my understanding as well as
those that have been used elsewhere in the literature. The dynamic cumulative marginal
elasticities between the Tsunami and economic growth in alternative specifications
vindicate the creative destruction result (see figure 2.9). Particularly in the short term,
the effects measured by the different regression specifications are very similar. They

start to digress substantially over the subsequent years, but nonetheless in no
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circumstance refute the notion of creative destruction. However, while some
specifications suggest a levelling off of the marginal growth effect of the Tsunami and an
eventual zero marginal effect, others find a continuously increasing marginal growth

effect of the Tsunami.

As argued in the core section of the analysis, applying the original distributed lag model,
the evidence supports a rejection of a reverting back to pre-Tsunami per capita income
levels. Per capita economic output does not converge to the counterfactual level and
remains permanently above it. Figure 2.9 also shows that depending on the
specification, Tsunami-growth rates are either monotonically increasing in the long run
relative to the counterfactual growth, or become insignificantly different from
counterfactual growth rates. Therefore, whether or not per capita output increased also

in the long run depends on the kind of specification chosen.

The original specification of equation (2) is shown in bold black in figure 2.9. With
higher cumulative growth rates of about 30 percentage points by 2012, compared to the
counterfactual districts, the results of the specification chosen (see the empirical
method section for the rationale on why the particular specification was chosen) are a
mean estimate, compared with the alternative estimates. Not accounting for year fixed
effects, but only for pre- and post- year period fixed effects results in the highest
coefficient estimate, which is 41 percentage points by 2012. Including also the
autoregressive components with 4 lags, such as in Cerra & Saxena (2008), yields the

lowest estimate of 16 percentage points by 2012.

Including unit-of-analysis specific time trends, as done for countries by Hsiang & Jina
(2014) in their cyclone impact evaluation, or Besley & Burgess (2004 ) for states in
India, allows controlling for changes in economic policies on the municipal level and
long run conditional convergence (see Barro & Sala-i-Martin, 2003). See Hsiang, Burke
& Miguel (2013) for a detailed discussion on the merits of including unit-of-analysis
specific linear trends in growth. Including a district level time trend did not alter the
results much, and only reduced the long-term impact effects of the Tsunami by a tiny

margin (see red trajectory in figure 2.9).

Relaxing the district fixed effects assumption, and only including a measure of fixed

effects that all of the districts within either the treatment or the counterfactual group
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have in common, yields an estimate that is reduced by about half (see neon-green line in
figure 2.9). Relaxing the year fixed effects and including only fixed effects for the pre-
Tsunami period versus the post-Tsunami period do the opposite, and attenuate the
results, yielding a coefficient that is substantially larger (see the purple line in figure
2.9). Taking out the time dummies intensifies the measured Tsunami-growth elasticity,

and so do not including fixed effects, be they time dummies or district dummies.

Figure 2.9: Alternative regression specifications - robustness check
0.45

0.4
0.35

0.3

0.2

0.15

percentage point difference

0.1

0.05

2004 2005 2006 2007 2008 2009 2010 2011 2012
-0.05
«=@meOriginal Aceh specification; equation (2)
=== District specific time trend
Group effect instead of district FEs
=== Before and after Tsunami instead of year fixed effects
== No FEs
AR(4)

=== Population Weighted by district level

65



2.7.2.3 Alternative measures of economic output & alternative units of analysis

In this section, I demonstrate that the creative destruction result of the Tsunami also
extends to other outcome measures used, as well as to other levels of spatial
(dis)aggregation. As an alternative outcome measure, [ use night-lights. As alternative

spatial units, I use sub-districts (Kecamatans).

The Modifiable Areal Unit Problem (MAUP) is a well-documented problem in spatial
econometrics (see e.g. Briant, Combes & Lafourcade, 2010; Openshaw & Taylor, 1979).
The problem it describes is that results change when carrying out the same analysis on
a different level of spatial aggregation. It describes the distortions that arise from
choosing different zoning systems and the challenges this poses for statistical inference.
The reasons for why this occurs have much to do with the size of the units of analysis

chosen and a little also with their shape (Briant, Combes & Lafourcade, 2010).

In this section, I zoom in closer to a level of spatial aggregation finer grained than the
district level, to the Kecamatan (sub-district) level (see red demarcations in map 2.5). In
total, there are 276 Kecamatans in Aceh. The average Kecamatan contains
approximately 20 villages and has a population of about 50,000 (World Bank, 2004).
Because no measures of economic output, such as the GDP level data, are available on a
sub-district level, I use night-lights as a proxy for economic activity and create my own
outcome measures for finer grained units of analysis with this data. See map 2.5 and
map 2.6 for a visual overview of the geography and spatial aggregation of this level of

analysis.
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Map 2.5: Aceh by night (showing the lights visible), the areas flooded, and the

Kecamatans (in red demarcations)

Note: There are 276 Kecamatans in Aceh. Island districts are not plotted in this map.
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Map 2.6: Zooming in on the night-light pixels, the flooding map and Kecamatan

borders

Note: The area of the grid-cells is about 10 km?2.

For details on the measurement of night-lights, as well as analytical steps taken to
process the luminosity satellite data and generate the Kecamatan level dataset, see the
method section of chapter 4 of my PhD thesis.2? As a brief primer, the Kecamatan level
night-lights measure is computed as the sum of all pixel level light intensity measures
within its boundaries. Each pixel has a resolution of about 0.8km x 0.8km and ranges on
the brightness scale from Digital Number (DN) 0, denoting darkness, to DN 63,
representing the brightest light. I create a single night-light measure per Kecamatan
that is the sum of the DN of all pixels within its borders. A measure of 100 can therefore
be composed of 2 pixels of 50 DN, or 100 pixels of 1 DN. A change in the measure could
thus be either due to an increased brightness of the already lit pixels (intensive margin)

or from a switching on of previously unlit pixel (extensive margin).

20 [n chapter 4, I use night-lights extensively in investigating whether the 30 year long civil conflict that
ended because of the Tsunami, has had any legacy effects on current night-light intensity.
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Night-lights as measures of economic activity entered mainstream empirical economics
since the seminal work of Henderson, Storeyguard & Weil (2012). It has been
extensively shown that night-light intensity is a good proxy for the level of economic
development (see e.g. Sutton, Elvidge & Ghosh, 2007; Elvidge et al, 1997; Pinkovsky,
2013; and Michalopoulos & Papaioannou (2011). Although there are also voices
challenging the notion of night-lights as a stand-in for GDP particularly for within
country analyses (Addison & Stewart, 2015). In this section, I use night-lights as a

robustness measure.

Are night-lights responsive to the Tsunami? Prior to using night-lights as a proxy
measure for economic activity it is crucial to establish that it reacts to the shock. Map
2.7 illustrates the differences in light intensity in the year before and the year after the
Tsunami. Depicting the differences in light intensity between the two years, the map
reveals that the areas close to the shore suffered from substantial reductions in
luminosity (blue pixels indicating a decrease in luminosity of DN >2), while in contrast,
the further inland areas grew (green pixels indicating an increase of luminosity of DN >
2). This selective change in nigh-light intensity close to shore indicates that night-lights

are quite responsive to the destructive effects of the Tsunami.
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Map 2.7: Difference in night-light intensity between the years 2004 and 2006

Note: Blue areas represent a drop by more than 2 DN, and a green area represents an area with a gain by

more than 2 DN (the yellow areas denote no change or only a minor change).

[ repeat the GDP per capita analysis on the district level, with night-lights data on the
sub-district level. Looking at the average trends over time I show that the parallel
historic path assumption holds, which is that the historic differences between flooded
and non-flooded Kecamatans are not systematic and only small (see figure 2.10). Both
the treated and the control group of Kecamatan’s evolved similarly before the Tsunami
intervention. With the onset of the Tsunami, the parallelism of luminosity paths breaks,
and they diverge noticeably, so much so that at the end of the period for which we have
data, 2012, the average flooded sub-districts shine 75 percent brighter than their non-

flooded counterfactual.?!

21 Whereas before the Tsunami intervention the average flooded Kecamatan had a cumulative luminosity
measure of about DN 100, just like the average non-flooded Kecamatan, after the Tsunami struck, the
paths digressed, ending up at DN 200 for the non-flooded and at 350 DN for the flooded by 2012.
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Figure 2.10: Kecamatan level analysis of average night-light intensity: flooded
versus not flooded districts
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Whether the descriptive average results are also maintained in an econometric analysis
shows in a repetition of the difference-in-differences regression estimation outlined in
equation (2) on the Kecamatan level with the night-lights data. Implementing the
distributed lag model for this finer grained resolution and the alternative data shows
that Tsunami flooded sub-districts emanate significantly more light at night than their
non-flooded counterparts, which is the corollary to the creative destruction finding
using GDP per capita of the district level analysis (see figure 2.11). The flooded
Kecamatans grew substantially faster compared to the counterfactual sub-districts in
the recovery period until 2009. Similarly to the GDP per capita findings, looking at the
elasticities beyond 2009 casts doubts on the persistence of the positive impact. If
anything, the figure suggests that there may be a slowing down of the flooded
Kecamatan’s luminosity growth rate compared with their counterfactual, leading to a
levelling off of the luminosity growth path post 2009. These results confirm those from

section 2.7.1.
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Figure 2.11: Kecamatan level causal analysis: Night-light intensity changes of
flooded versus not flooded sub-districts
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2.7.2.4 Alternative method of causal impact analysis

Here I use the synthetic control method, outlined in detail in chapter 3 of my PhD thesis,
as a methodical robustness check. I take the average GDP per capita of the 10 affected
districts as the treatment measure. As outlined in the methods section of chapter 3,
construct a synthetic control group based on a convex combination of districts that
resemble Aceh in many characteristics of its pre-treatment period. The GDP per capita
predictors I chose contain previous levels of GDP per capita, population size, the
unemployment rate, the share of agriculture, the share of people living in urban areas,
and the number of coastal villages, all of which closely related to the human and

economic impact of a natural disaster.

Figure 2.12 vindicates the parallel trends assumption, showing an overlapping pre-
disaster treatment effect between Aceh and synthetic Aceh. The estimated effect size of
the Tsunami on district level output per capita is represented by the wedge between the
treated unit and the synthetic control unit. Aceh noticeably embarks on a different

growth path after the Tsunami struck in 2004 and the discrepancy between the two

72



lines immediately after the onset of the disaster suggests a significantly positive and

lasting effect of the Tsunami.

The creative destruction results obtained with the difference-in-differences analysis
hold true when looking at a close methodological alternative, the synthetic control
method. Constructing a synthetic twin to the flooded districts (titled “synthetic control
unit” in figure 2.12) reveals quite similar trends and patterns as those in figure 2.4. The
exact same conclusion is reached, which is that the Tsunami (together with the aid it
triggered) caused economic growth beyond what could have been expected had the
disaster never struck. Just as the results of the difference-in-differences analysis
suggested, it seems as if the higher growth path is obtained sustainably, but there are
some issues of uncertainty around this conclusion, due to a slight convergence trend of
the Aceh and synthetic Aceh trajectory post 2009 in figure 2.12 for the per capita GDP
measure. For this analysis, the synthetic control unit was created based on the red and
green (not flooded rest of Sumatra, including North Sumatra) district donor pool. Figure
A2.6 in the Appendix shows an alternative analysis using only the green districts as the

donor pool for the creation of the counterfactual.
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Figure 2.12: Trends in district average GDP per capita: Aceh versus synthetic
Aceh
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Note: Average GDP per capita of 10 affected districts versus 72 comparator districts outside of Aceh.

Carrying out the same analysis for GDP as opposed to GDP per capita also suggests, just
like with the difference-in-differences analysis that GDP significantly contracts in the
first year after the Tsunami, before it expands gaining ground and ultimately jumping

onto a higher growth path. See figures A2.7, A2.8 and A2.9 in the Appendix.

2.7.2.5 Placebo tests

What would be the probability of obtaining results of the magnitude obtained for Aceh,
had the intervention been randomly re-assigned to any other district (where it in fact
did not strike)? I iteratively applied the synthetic control method to each of the other
control districts and obtained a distribution of placebo effects (see figure 2.13).
Comparing the yearly gap between GDP per capita of the average flooded district in
Aceh with GDP per capita of synthetic Aceh yields the thick black line in Figure 2.13. In
reassigning the intervention to the other non-flooded districts, one proceeds as if they

had been flooded. Doing this for all 72 districts of the control donor pool provides a
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distribution of estimated gaps where no intervention took place (as indicated by the

light grey trajectories in figure 2.13).

Figure 2.13: GDP per capita gap in Tsunami stricken districts and placebo gaps
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Note: Includes only placebo districts that had a reasonable pre-Tsunami Mean Squared Prediction Error

(MSPE).

Placebo gap runs with poor fits do not provide a solid foundation based upon which the
rarity of obtaining a sustainably positive long-haul impact of the Tsunami in Aceh can be
evaluated. In Figure 2.13, I dropped all regions that had a pre-intervention Root Mean

Squared Prediction Error (MSPE)?2 that was larger than fifty times that of Aceh. In doing

22 MSPE (Mean Squared Prediction Error) refers to the squared deviation between the synthetic control
outcome and the treated outcome, summed over all pre-intervention years.
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so,  had to drop nine districts. See Figure A2.10 in the Appendix for placebo runs

including these nine districts.

The placebo test confirms creative destruction and indicates that during the times of aid
abundance there was no other district that had higher growth rates than Aceh, bar one.
This one extreme outlier, which even surpasses that of Aceh (the one line that is above
Aceh starting with year 2005 in figure 2.13).23 Another placebo district comes close, but
remains shy of the magnitude of Aceh by about one-fifth by 2008. One, arguably two,
placebo effects in the ballpark of Aceh’s are not enough to refute that Aceh was on a

higher than counterfactual growth path during the aid bonanza.

What the placebo test also shows is that there is considerable uncertainty concerning
whether the observed creative destruction effects also hold in the long run. In fact,
several placebo districts show even larger effects post 2010. This casts doubt on the
finding that the Tsunami resulted in a sustainably higher per capita output. For the long
haul, based on the placebo results, whether the Tsunami resulted in a sustainably higher

per capita output cannot be vindicated at any meaningful level of statistical certainty.

2.7.2.6 Autonomy funding & oil and gas funding

There may be other dynamics put in motion by the Tsunami that may affect the
interpretation of long-term Tsunami-growth effects, which makes it important to look at
their role closely. The Tsunami ended an almost 30 years-long civil war in Aceh (see
chapter 4 for a detailed discussion). After the peace agreement was reached in 2005, the
federal government passed a law in 2006 granting Aceh special autonomy status, and
establishing two funds, the Special Autonomy Fund, and the Oil and Gas sharing
agreement, which started to disburse funds to Aceh in 2008. For more details on this

fund, be referred to chapter 4 of my PhD thesis.

The relevance of including an analysis of these two funds for Aceh is that it may have

implications for the long-term nature of the GDP per capita trajectory. The finding of a

23 Curiously, this line represents Padang Pariaman, a district that was affected by an earthquake in both
2007 & 2009, and receiving substantial aid also (which however does not explain why the district started
taking off already at around 2005).
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long-term higher per capita output in the long run, may be driven by these funds from
2008 onwards. Looking at whether the funding is correlated with the Tsunami flooding,
and investigating whether Tsunami flooded districts (the treatment group) received
more funding should give us a flavour of whether the results may have been biased in
any direction. For example, if the funding allocation was influenced by the level of
Tsunami destruction, part of the long-term creative destruction finding could have been
driven by this selective funding rather than upgraded capital that allows for more

productivity.

Figure 2.14 and figure 2.15 suggest that the autonomy funding and the oil and gas
sharing funding were not targeted based on the level of Tsunami destruction. Neither
the size of the area that was flooded nor the amount of persons killed by the flooding
was systematically related to the amount of funding disbursed to the districts from
2008 onwards. While the districts that the Tsunami spared received and average of
USD 252 per person from 2008-2011, the Tsunami stricken districts received USD 278.
Looking at the median instead of the mean as a measure of central tendency reveals the
opposite trend, one in which the Tsunami spared districts received USD 217 and the
Tsunami stricken districts received USD 206. For oil and gas, the Tsunami spared
districts received only marginally more: USD 34 versus USD 30 using the mean and USD

26 versus USD 24 using the median.
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Figure 2.14: Oil and gas funding versus two measures of flooding intensity
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Figure 2.15: Autonomy funding versus two measures of flooding intensity
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[ conclude that neither oil and gas, nor autonomy funding in Aceh are likely to have had

any impact on the main findings of this chapter. To be more precise, rather than

asymmetric funding from oil and gas or autonomy funds, higher productivity granted by

upgraded physical capital is still the more likely explanation for the higher output per

capita levels reached.
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2.7.3 Tsunami intensity (“the dose”)

The severity of the Tsunami impact (i.e. “the flooding dose”) and the heterogeneous
responses it triggered are the subject of scrutiny in this section. Paracelsus famously
said, “The dose makes the poison” (1538), asserting that the harmful effects of many
toxic properties on biological systems only manifest themselves in high enough
concentrations. Just as the harmful effects of toxic substances on the human body
heavily depend on their dose, the impact of the Tsunami depends on its intensity (the
level of its devastation). Fomby et al (2009, p.32) for example found that only moderate
disasters may have positive effects, but severe disasters “do never have positive effects.”
Cavallo et al (2013) find that only very severe natural disasters, the most devastating 1
percentile to be exact, show negative short- and long run effects on per capita GDP. For
the top 25 percentile or the top 10 percentile of most devastating disasters, the authors
did not find a difference between disasters affected growth and the not affected
counterfactual. In this section, I come to the diametrically opposed conclusion, which is

that the more severe the flooding was, the more the economy grew in the aftermath.

In section 2.7.1, I computed the average treatment effect of the Tsunami on the affected
districts (ATET), however harshly they were affected; including districts that have been
‘tangentially flooded’ (as low as 1 percent of the area) as well as others who have been
completely inundated (100 percent of the area). As a result, the estimated ATET does
not tell us much about the functional relationship between the Tsunami intensity and

the economic repercussions.

It is feasible that the creative destruction results observed were mostly driven by
moderate Tsunami inundation. On the other hand, it is also imaginable that in order to
rebuild capital (say a bridge or a road) it is best if it is completely destroyed, because if
itis only partly destroyed additional costs occur in having to destroy it completely
before the reconstruction can begin. Similarly, other interplays are also fathomable:
there may be intricate nonlinearities and threshold effects characterizing the functional
relationship between the dose of flooding and the economic consequences. In this
section I scrutinize these heterogeneous treatment and functional form issues, and
estimate ATET(DOSE), the average treatment effect given the level of exposure to the
flooding.
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In carrying out the analysis incorporating information of the Tsunami intensity, I follow
two data-driven analytical steps. In step 1,  repeat the analysis from section 2.7.1.,
including the Tsunami intensity as robustness check of the previous results obtained. I
focus on identifying when, if ever, the statistically significant effects - of stimulating or
contracting the economy - happened. In step 2, I investigate the effect of the different
doses of tsunami treatment during the phases identified to be statistically significant in

step 1 and compute ATET(DOSE).

Step 1: Incorporating tsunami intensity. Instead of measuring the Tsunami impact
with a mere dummy variable, where 1 is for the flooded district and 0 for the non-
flooded district, I included a measure of the intensity with which these affected districts
were affected; the treatment intensity (DOSE). 1 implement a model that incorporates

DOSE into equation (1) yielding:
In(Y;;) —In(Y;;—1) = a + §(DOSE * D; x T,) + d; +¥; + & (3)

To estimate this model I am again using OLS instead of IV estimation, because I extend
the assumption that the selection-into-treatment was exogenous also to the intensity of
the treatment. Thus, I assume that how badly a district was struck is exogenous, i.e. the
treatment intensity is randomly assigned, which implies conditional mean

independence.

[ then also disentangle the distinct Tsunami periods that I identified in the previous
section to look at the different effect of the Tsunami intensity measure during different

periods (p). The following regression is run separately for each period:
In(Yi.p) —In(Yis—1p,) = @+ DOSE;, * Dy + dipp + Vip + €irp (4)

Here p divides the sample into four distinct periods; it denotes the pre-Tsunami phase
from 1999 to 2004 (during which we shouldn’t see any impact of the treatment
variable), the immediate aftermath in 2005 (during which I expect to see a negative
coefficients), the recovery phase from 2006 to 2008 (durich which I expect to see
positive coefficients) and the post recovery phase from 2009 to 2012 (during which I

expect to see insignificant differences).
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[ use a suite of different measurement alternatives for the Tsunami intensity (DOSE). In
a first attempt, | use a measure of human losses, the share of people within a district
that have been killed or went missing in the wake of the Tsunami flood. Data on the
human tragedy and costs of the Tsunami come from Doocey et al (2007). The human toll
of the Tsunami was far from evenly distributed across districts: Five of the 12 affected
districts?4 saw less than 1 percent of the population killed or disappearing, another four
were below ten percent, and the remaining four had more than 25 percent of the
population killed or missing. Implementing equation (3) delivers results comparable to
what we obtained with running equation (1). Implementing equation (4), looking at the
different Tsunami phases, gives interesting insights into the timing and direction of the

Tsunami effects.

Table 2.2 : The effect of Tsunami intensity (as measured by casualties caused)
over the different phases of the Tsunami, district level

Pre-Tsunami Aftermath Recovery Post recovery
(1999 - 2004) (2005) (2006 - 2008) (2009 - 2012)
People killed and missing -0.13 1.05 3.46 *** -0.30 ***
(% of total) 0.15 0.00 0.00
District fixed effect Yes Yes Yes Yes
Year fixed effect Yes No Yes Yes
SE robust robust robust robust
Observation 620 124 496 496
R squared 0.25 0.13 0.09

Notes: Each column represents a separate OLS regression. Standard errors are in italics. *, **, *** mean
significance at the ten, five, and one percent level, respectively.

The results in table 2.2 suggest that per one additional percentage of the population
killed or missing, the growth rate increases by about 3.5 percentage points annually in
the recovery phase between 2006 and 2008. The results looking at the human cost of
the Tsunami suggest that once the recovery phase is over and aid funds are dried up,

legacy effects kick in, and cause the affected districts to shrink, albeit at a much lower

24 Doocey et al (2007) report additional districts to those that I have identified with the satellite images of
the flood maps. This may be due to people that were registered in these districts actually died in the other
district, or because of inaccuracies in the satellite-based maps. Flood maps were created to aid the first
responders in the aid and recovery effort. It is therefore quite feasible that they therefore left aside some
of the less affected districts.
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level than they used to grow during the recovery phase: 0.3 percentage points of annual

contraction, compared with the 3.5 percentage points annual increase.

However, these results have to be taken with a grain of “endogeneity salt.” While the
physical characteristics of the Tsunami wave and its reach inland can be safely assumed
to constitute an exogenous measure, the amount of people killed in its wake, introduces
endogeneity and creates problems for causal inference. Endogeneity concerns
inevitably arise with human cost measures (see e.g. Noy, 2009) and in fact one of the
main contributions of this PhD chapter is to overcome the limits posed by these
endogeneity riddled measures, which are used by most other papers in the natural
disaster economic literature, by establishing a measure only relying on the physical
characteristics. Nonetheless, using the results more along the lines of a supplementary
to the main results driven by physical characteristic variation can only benefit, keeping

in mind the limitations of the causal inference.

[ create two completely exogenous measures of Tsunami intensity, measures that are
based on physical characteristics, to overcome these endogeneity problems with human
cost dose measures. I go beyond the district level and present data at the sub-district
(Kecamatan). Because there are no GDP figures available for such a disaggregated unit
of analysis, I will use night-lights as a proxy for economic activity. The reader may recall
that [ showed how the results obtained by looking at night-lights are comparable to
those obtained by using GDP figures (see section 2.7.2.3.). The method for computing
the night-lights measure on a Kecamatan level as well as a detailed explanation of night-

lights data is provided in chapter 4 of this PhD thesis.

[ use two different measures of flooding dosage with which the districts were treated:
(i) I calculate the population that could have hypothetically been affected as a share of
the total population within a Kecamatan. By matching Tsunami flood maps plotting the
reach of the Tsunami with fine-grained population density maps of the year 2000, I
compute the hypothetical amount of people flooded (assuming the population
distribution between 2000 and 2004 did not change). I also do the same using sub-
national administrative maps, so that I can express the people flooded as a share of
those living within each Kecamatan boundary. The population density grid [ used had a

resolution of approximately five km?2 (CIESIN, Columbia University, 2005). (ii) I calculate
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the area that was flooded, and produce a measure of the proportion of the total area of
each sub-district that was flooded. A distribution of both measures of tsunami intensity

is plotted in figure 2.16.

Figure 2.16: Distribution of the physical Tsunami intensity measures of
Kecamatans
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Note: Bin width corresponds to two-percentile increments of the distribution for both tsunami intensity
measures plotted. There are 276 Kecamatans in total in Aceh.

Implementing equation (4) with both of these exogenous measures of tsunami intensity
results in table 2.3 and table 2.4. Looking at either measure of Tsunami intensity
confirms the creative destruction findings obtained using the Tsunami dummy, and also
the timing associated with the effects. Acting essentially as a time placebo test, looking
at the pre Tsunami period from 1999 - 2004, shows that the areas that were later to be
flooded did not grow faster or slower in anticipation of the natural disaster. In the
immediate aftermath of the Tsunami, in the year 2005, the flooded Kecamatans’
luminosity decreased at a faster pace than before, albeit not at a statically significant

level. During the recovery period, where the Aceh province was rebuilt, luminosity
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increased causally related to the Tsunami, regardless of how I measure the intensity of

the Tsunami impact.2>

Table 2.3: The effect of Tsunami intensity (as measured by population flooded) on
night-lights over the different phases of the Tsunami, sub-district level

Pre-Tsunami Aftermath Recovery Post recovery

(1999 - 2004) (2005) (2006 - 2008) (2009 - 2012)
Population flooded (% of total) -0.02 -0.13 0.20 ** 0.03
0.05 0.13 0.09 0.27
Kecamatan fixed effect Yes Yes Yes Yes
Year fixed effect Yes No Yes Yes
SE robust robust robust robust
Observation 3312 276 1104 1104
R squared 0.08 0.34 0.18 0.36

Notes: Standard errors are in italics. *, **, *** mean significance at the ten, five, and one percent level,
respectively.

Table 2.4: The effect of Tsunami intensity (as measured by area flooded) on night-
lights over the different phases of the Tsunami, sub-district level

Pre-Tsunami Aftermath Recovery Post recovery

(1999 - 2004) (2005) (2006 - 2008) (2009 - 2012)
Area flooded (% of total) -2.07 -9.88 22.48 *** 1.42
6.12 12.43 9.00 24.88
Kecamatan fixed effect Yes Yes Yes Yes
Year fixed effect Yes No Yes Yes
SE robust robust robust robust
Observation 3312 276 1104 1104
R squared 0.08 0.34 0.18 0.36

Notes: Standard errors are in italics. *, **, *** mean significance at the ten, five, and one percent level,
respectively.

25 The interpretation of the magnitude of the coefficients in this estimation is not straightforward. For
every 1 percent more of the Kecamatans’ population flooded the luminosity increased by 0.20 DN and for
every 1 percent of area more flooded, it increased by 22.5DN. Transforming the night-lights series so that
it would ease the interpretation such as log-transforming the values brings about a host of undesirable
problems of the transformed value distribution. For starters, all the pixels that were dark, with a DN value
of 0, would have disappeared from the analysis since the log of zero is not defined. The log(0.001 + DN)
transformation suggested by Michalopoulos & Papaioannou (2011) produces a multimodal distribution
which also comes with a host of problems. In light of these issues, | opted to rather have a harder
interpretation than a functional transformation of the series that creates problems, particularly since
these results act more as robustness checks complementary to the district level GDP results, which have a
straightforward interpretation.
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The negative coefficient in the post recovery period suggested by the human cost
estimation in table 2.3 and table 2.4 disappear, and the sign even becomes positive

(albeit not statistically significant).

The changes in night-lights before the Tsunami struck, from 1999-2004 are very similar
across all Tsunami deciles, suggesting parallel historic paths. There are no signs
indicating a selection bias. Looking at figure A2.11 clearly depicts how regardless of the
flooding intensity the respective Kecamatans, before the Tsunami struck, grew
relatively at the same rates. Looking furthermore at the changes in night-lights intensity
in the years after the Tsunami struck; see figure A2.13 suggests a substantially larger
increase in luminosity the more the sub-district has been flooded. Comparing only the
means suggests that the asymmetric luminosity increases stop after 2009 (see figure

A2.14).

Step 2: Estimating the dose-response function. From the results emerging from
implementing equation (4) I conclude that the Tsunami treatment is affecting economic
growth mostly during the recovery phase. Going beyond a mere comparison means, I
implement again a difference-in-differences method, allowing me to control for omitted

variables.

To investigate the dose-response relationship, and with it ATET(DOSE), i.e. which
Tsunami intensity causes which luminosity responses and how these responses
compare to one-another, I implement a regression approach where I run the dose-
response function (DRF) separately for each quartile of the flooding intensity
distribution. I do so looking only at the recovery years (rec), which are 2006, 2007 and
2008. The type of DRF I estimate relates the intensity of Tsunami flooding (DOSE) to
economic (lighting) activities (Y) and allows the districts to react heterogeneously to
different levels of Tsunami flooding exposure. Instead of exploiting variations across
time as in the previous section, | home in on the recovery period only and focus on
variations of the treatment intensity instead, which [ model as quartiles (q) of the

flooding intensity (dose):

ln(Yi,t,rec) - ln(Yi,t—l,rec) =a+ 6q 23=1[D055] * Di,rec + dt,rec + Yirec + Eitrec (5)
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In implementing equation (5) I run separate regressions for each quartile. Here the
average treatment effect on the treated districts, ATET (DOSE) = ln(Yl-‘t‘rec) -
ln(Yi,t_Lrec). The doses of flooding administered in this natural experiment correspond
to how much of the Kecamatan was flooded (as both measured by the area and the
population). Regardless of the flooding intensity to be observed in the wake of the

Tsunami, the districts grew roughly at the same rate.

For the population measure, the first quartile (< 25%) corresponds to a share of the
Kecamatan population flooded between 1 and 9 percent; the second quartile (25-50%)
corresponds to 10 - 20 percent of the population flooded; the third quartile (50-75%)
corresponds to 24 - 48 percent flooded and the fourth quartile (75-100%) corresponds
to 52 - 100 percent of the population flooded. For the areas flooded, the four quartiles
correspond to 1-4 percent, 4-14 percent, 14-39, and 40-100 percent flooded. The reason
for picking quartiles instead of other ways to categorize the continuous flooding
intensity measure is that they guarantee the statistical power in obtaining the point
estimate of the dosage-responses is comparable across the different doses. The
counterfactual group, to which the different doses are compared to, comprises the
Kecamatans that were not flooded at all (represented by the entire group represented

by the zero spike in figure 2.16).

Implementing a more conventional DRF such as the one proposed by Hirano & Imbens
(2004) and implemented by Bia & Mattei (2008), is not an option in my case, because
the assumptions of this original model do not fit my data very well. The flooding
intensity data do not meet the necessary normality assumption and they have a lot of
zero-level treatment cases (cases in which there is no flooding, as seen in figure 2.16).
Treatment intensity is definitely not normally distributed, and clearly discontinuous as

shown by a spike at zero of this distribution.

Scrutinizing the functional form of the flood intensity causal relations to luminosity
shows that limited flooding has no significant effect on light emanating activity (see
figures 2.17 and figure 2.18). The onset of positive effects associated with disaster
destruction start to show at quartile 2 of Tsunami destruction levels, and become
statistically significant and sizeable above median levels of destruction (for quartile 3

and quartile 4). Figure 2.17 and figure 2.18 depict the average increase in DN of light
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per Kecamatan, within the respective flood intensity quartile, relative to the non-
flooded counterfactual. It shows that heavily flooded sub-districts (24-100 percent of
the area flooded, which corresponds to the third and fourth quartile) gain about 15 DN
per annum, or 13 percent of luminosity.26 Lower flooding intensity levels (quartile 1
and quartile 2) did not cause a significant increase in economic activity (as indicated by

the insignificant coefficients of regressions using quartile 1 and 2).

Figure 2.17: Night-light responses to different levels of flooding intensity
(percentage of the Kecamatan’s population affected) in the recovery period
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Notes: Night-lights changes refer to the annual changes in cumulative pixel brightness of the Kecamatan,
as measured by Digital Number (DN). The coefficient measured depicts the difference between the
treatment and the counterfactual group. Confidence interval plotted is at 95 percent.

26 These 15 DN in changes may either refer to an already lid pixel that is getting brighter, or a formerly
dark pixel that has been “switched on.” It is a net measure, meaning that as the sum of a number of pixels,
it takes into account pixels within the Kecamatan that have become darker also. The 15 DN are thus the
sum of increases in luminosity minus the sum of decreases in luminosity.
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Figure 2.18: Night-light responses to different levels of flooding intensity
(percentage of the Kecamatan area that was flooded by the Tsunami)

Flooding Intensity Flooding Intensity Flooding Intensity Flooding Intensity
Quartile 1 Quartile 2 Quartile 3 Quartile 4
40 -
I
30 -
I

&
X 20 - —
= *
o *
2 10 - —
) *
-
= — —
) } } } i
z ¢ —

-10 -

—
-20 -
4 point estimate = Lower Conf Interval — Upper Conf Interval

Note: Same as note of Figure 2.17.

Creative destruction is dependent on the level of destruction. Only severely flooded
Kecamatans displayed stronger growth performances. Whether this is due to the focus
of the international community on reconstruction the most heavily damaged areas, or
whether it is because it was easier to rebuild once the infrastructure has been
completely levelled, instead of some ruins remaining, is an interesting avenue for future

research.

2.7.4 Creative destruction spillovers

There are many channels through which the Tsunami could have also indirectly affected
neighbouring districts. Labour markets in surrounding districts may have been affected
in the sense that there may have occurred some labour migration towards the flooded
areas in the reconstruction effort, which could have registered as a negative economic
event for the adjacent district. By the same token, there could have also been
stimulating spillovers, because a not flooded business from neighbouring districts may
have stood to benefit from increased demands for reconstruction. Because the natural

experiment was not a closed system experiment, people could have freely moved out of
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the affected areas to neighbouring districts and vice versa, with the estimated
coefficient depending on the relative strength of each of these diametrical factors. If
there were indeed such spillovers, [ assume that they should be stronger the closer the
district is to the flooded district. The hypothesis is that the neighbouring districts’
growth rate has also been causally spurred by the Tsunami, while those that are not
bordering are unaffected. I therefore create an indirect treatment district pool of
neighbouring districts (red districts in figure 2.19), which I hypothesize should have
also been stimulated if there were indeed spillovers, and a district pool of non-
neighbouring districts (yellow districts) that [ use my counterfactual sample along with

the rest of Sumatra (green districts) counterfactual.
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Figure 2.19: Spillovers? GDP evolution in Tsunami stricken districts compared with not stricken counterfactuals

Tsunami Most aid spent

100 120 140 160
| | | |

GDP per capita index (2004 = 100)

80
|

T T T
2000 2005 2010
year

Tsunami stricken

Neighbors of stricken districts

Rest of Sumatra Non-neighbors of stricken districts

Note: Blue districts (n=10) are those within which territories were flooded by the Tsunami, excluding island districts. Red districts (n=29) are the neighbors of
stricken districts and in this case the treated districts (treated with spillover effects). Green districts (n=77) depict non-Aceh counterfactuals from the Sumatra
Island. The grey shaded area depicts North Sumatra, which only had island districts (2 districts out of 21) affected and is therefore excluded from this analysis. GDP
measures are normalized at the year 2004. The vertical blue line indicates when the disaster struck and the vertical black line depicts when more than 96 percent
of aid stopped.
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Even though the simple graphical analysis, plotting only the means, suggested that there
may be positive spillover effects onto the immediate neighbouring districts (red
districts), these growth spurring effects are not statistically significant in the
econometric analysis (see table 2.5). The direct neighbouring districts to the flooded
districts grew in no year statistically significantly faster than their counterfactual
districts that are not directly neighbouring the flooded districts. The absence of
statistically significant effects justifies a rejection of the hypothesis that claimed that

spillover effects have occurred.

Table 2.5: Spillover regression analysis

Treated group: Direct neigbor Direct neighbor
districts (red) to districts (red) to
flooded district flooded district

Control group: Non-Aceh & non- N.

Sumatra districts Non-neigbor districts
(green) ( )

Dependent Variable: GDP per capita growth rate

Tsunami_05 -0.014 0.001
(0.016) (0.020)
Tsunami_06 0.026 0.091
(0.087) (0.055)
Tsunami_07 -0.015 0.002
(0.015) (0.019)
Tsunami_08 -0.011 -0.045
(0.015) (0.068)
Tsunami_09 0.066 0.088
(0.089) (0.091)
Tsunami_10 0.033 0.001
(0.021) (0.026)
Tsunami_11 -0.016 -0.008
(0.012) (0.018)
Tsunami_12 -0.014 -0.004
(0.017) (0.020)
Year FE Yes Yes
District FE Yes Yes
SE Spatial HAC Spatial HAC
Observations 1235 364
R-sqr 0.24 0.26

Notes: Standard errors are in parentheses. *, **, *** mean significance at the ten, five, and one percent
level, respectively.
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2.7.5 Scale matters: Lost in aggregation

Aggregate figures hide. Carrying out the economic impact analysis using the same
method on a country level (and island level) shows how the creative destruction effects
disappear. Carrying out the same synthetic control method as done for district level GDP
data in this chapter and province level data in chapter 3 of this PhD thesis, which both
find creative destruction, illustrates this point quite clearly. Despite the significant
divergence in growth paths between the treated and the non-treated (Aceh and
synthetic Aceh), when aggregating the economic data up to the country level, even the
island level, as most of the other studies investigating the link between disaster shocks

and economic growth do, the effects are no longer detectable.

[ use countries as the units of analysis, as was done in most natural disasters economics
papers (see map 2.8). As an impact measure, | use the national level GDP per capita
value reported by the World Bank World Development Indicators (WDI). Carrying out
the same specification for the synthetic control method as in section 2.7.2.4 shows that
the aggregation results in the creative destruction effect result to be ‘lost in
aggregation’. Figure 2.20 shows how there is no notable difference in the treatment
group and the counterfactual group for the first couple of years after the Tsunami. In
2008, however the counterfactual group seems to have slowed down substantially,
unlike Indonesia, which kept growing at a steady rate. The reason for this divergence in
2008 has nothing to do with the Indian Ocean Tsunami, rather with the fact that
Indonesia was not adversely affected by the financial crisis of 2008. For a detailed

examination of why Indonesia was resilient to the 2008/09 crisis see Tambunan (2010).
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Map 2.8: Tsunami stricken country of Indonesia versus countries of the rest of the

world

-

Note: Sri Lanka, India, Thailand and Malaysia were excluded as they were also significantly affected

(“treated”) by the Tsunami.
Figure 2.20: GDP per capita of Indonesia versus other countries: National level
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This “non-finding” suggests that had I done the analysis for the national level instead of
the local level, as is the focus of my PhD thesis, [ would have just as most other natural
disaster economics studies found that the shock did not significantly change the pre-
Tsunami growth trajectory. [ also reproduce the tried and tested synthetic control

method again on the island level.

Sumatra versus the rest of Indonesia (see map 2.9). I aggregated the province level GDP
data up from the INDO-DAPOER to create island based GDP levels. Comparing Sumatra
to the rest of the Indonesian islands, guarantees that I have the same universe as in the
district and province level analysis, and that I chose the same datasets, only that I
aggregated it to another level. In consisting of 6 islands, [ am left with one treated
island, the island of Sumatra versus five islands for the donor poll for establishing the
counterfactual, which are: Jawa & Bali, Kalimantan, Nusa Tenggara, Papua, and

Sulawesi.

Map 2.9: Tsunami stricken island of Sumatra versus 5 counterfactual islands

Carrying out the same synthetic control method specification, reveals that the creative
destruction effects disappear when aggregating up to the island level (see figure 2.21).
The treated unit and control groups (synthetic control unit) do not differ significantly.

The reason why aggregation is likely the culprit for different results is that alternative
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explanations were ruled out in using the same underlying data and scale. Furthermore,
there were no significant spillover effects found in the previous chapter, which may

have explained the absence of a significant difference on the island level.

Figure 2.21: GDP per capita of Sumatra versus other islands
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Note: Treated unit corresponds to Sumatra Island, and the synthetic control unit is a convex linear
combination of the five control islands: Jawa & Bali, Kalimantan, Nusa Tenggara, Papua, and Sulawesi.

Obtaining insignificant differences using coarser data is not only a powerful illustration
of the MAUP, but beyond that, the finding also suggests that too coarse data lead to
imprecise (possibly even incorrect) findings and conclusions. For example the
conclusion that one would have drawn from the above graph, in absence of finer
grained information, is that the Tsunami had no discernible impact on economic output,
whatsoever. The fact that the costliest natural disaster in the developing world is not
picked up in island level analysis, let alone national level analysis casts a shadow of

doubt over the results emerging from national level panel regression results.

The missing effect on the national level can, in part be explained because Aceh accounts
only for 2 percent of Indonesia’s economic growth, and that it is one province out of 34

in the entire country. While the direct impact of the Tsunami on the national GDP
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growth rate were estimated to result in a reduction of 0.1-0.4 percentage points in
2005, when offsetting activities are taken into account, the net economic impact of the
Tsunami nationwide was likely to be close to zero (World Bank, 2006). It was suggested
that a main reason for why we find to significant result on the nation level is that the
reconstruction activities in rebuilding destroyed infrastructure, played also a major role
in the non-finding. I dig deeper into sectoral idiosyncrasies in recovering from the

Tsunami, in chapter 3.

In summary of the scale analysis, I find confirmation of what most other studies (e.g.
Cavallo et al, 2013 who also applied the synthetic control method) found by looking at
the national level only, which is that there are no discernible effects of natural disasters
on economic activity, not even in the short run. Nevertheless, I also find that there are
substantial localized effects, which paint a picture of creative destruction. I conclude
from this scale comparison, that the effects go beyond what it seems at the outset and
that most important dynamics happen on the local scale. Similar to hurricane Katrina,
which was devastating at the regional level, but barely made a dent for national
economic activity, the Indian Ocean Tsunami also did not make a dent traceable in

Indonesia’s national GDP.

My findings suggest an aggregation bias. They furthermore suggest that a local scale is a
more appropriate level to investigate the effects of natural disasters. Perhaps the nation
level is an appropriate unit of analysis for investigating the impacts of natural disasters
for Caribbean islands (see e.g. Heger et al, 2009) and other smaller nation states. But for
a larger country, where even a catastrophic natural disaster killing more than 200,000
people and causing damages well beyond 8 Billion USD, creates too little of a “splash”
with 0.02 percent of national GDP lost and the same amount (0.02 percent) of the
national population killed, in aggregate national statistics. If a natural disaster leaves
the largest part of a country untouched, it is probably a prudent choice for a researcher

to switch to a finer grained unit of analysis.
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2.8 Conclusion

In this chapter, [ showed that the Indian Ocean Tsunami of 2004 was an act of creative
destruction. It spurred economic growth and resulted in higher per capita economic
output in the short- and long-term. [ can therefore reject that natural disasters
necessarily lead to reductions of economic output. Disasters can be windows of
opportunity that trigger capital upgrading. Thus, whether or not a disaster depresses
growth (as shown by most other research work) or whether it stimulates economic
output, as was the case in Aceh and is shown in this chapter, is ultimately a human

(political) choice.

The Tsunami was only marginally growth depressing in the first year following the
disaster. During the subsequent recovery years, growth was boosted considerably by
the reconstruction effort, fuelled by massive influxes of international aid and attention.
The building back better of destroyed capital resulted in more economic output than
would have occurred had the Tsunami not stricken. The built back better capital was
used more productively in the post-recovery years, as evidenced by persistently higher
per capita economic output. Economic output did not reduce with the aid funds drying

up and the flooded districts remained on a higher per capita output path.

The more devastating the Tsunami “treatment”, the more people and areas were
flooded, the more the flooded district economies grew. Although all flooded districts
recovered, those that were most heavily flooded also grew the most. Districts that were
moderately flooded only recovered to the counterfactual level, while districts that were
heavily flooded not only recovered but also significantly exceeded counterfactual output
levels. This indicates that the development efforts were concentrated in the most
destroyed areas, or that it was easier to rebuild where the Tsunami completely levelled

the infrastructure (by performing the service of destroying out-dated capital).

Regardless of socio-demographic and geographic characteristics, all affected districts
recovered. Urban districts, rural districts, island districts, inland districts, and Banda
Aceh; all displayed creative destruction. There was some heterogeneity with respect to
the level of recovery however. Urban districts (Kotas) for example grew substantially in
the immediate Tsunami aftermath, and then eventually displayed a similar growth rate

compared to the counterfactual (even though displaying a persistently higher per capita
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output). Rural districts (Kabupatens) in turn grew steadily and displayed significantly
larger growth rates even beyond 2009. Island districts recovered much slower and to a

much smaller degree than mainland districts.

[ show that it is necessary to choose an appropriately fine-grained level of analysis for a
disaster-growth impact evaluation. The devil, in my case the identification of significant
effects, is in the details. I obtain significant results suggesting causally growth-
promoting effects of Tsunami destruction with district and sub-district (Kecamatan)
data. Applying the same causal inference methods to coarser geographical areas, i.e.

island level and country level, shows no significant effects.

Regardless of which level of localized aggregation (district and sub-district), which
regression specification, which outcome measure, which treatment measure, and which
sample I selected, the creative destruction result was robust, suggesting that it can be
accepted with a very high degree of certainty. Natural disasters need not necessarily
depress the economy. The creative destruction case in Aceh in this chapter shows that
even one of the most devastating natural disasters can be a window of opportunity and

result in a permanently higher level of economic output.

The creative destruction finding in Aceh is not generalizable to other historic natural
disaster cases. Finding externally valid disaster-growth elasticities was never the
intention of this chapter. Rather, the intention was to show that the generality of
growth-depressing disaster effects need not hold, and that the effects are dependent on
other factors. Unprecedented amounts of aid and the largest reconstruction effort the
developing world has ever seen caused a growth-stimulating creative destruction
episode, which permanently increased output per capita. This result suggests that a
natural disaster can be a window of opportunity and whether or not it turns into an
economic disaster is ultimately a question of the decisions the international community
and the national government take. The next chapter will analyse in more detail the

causal mechanisms by which creation destruction took place.
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Appendix

Figure A2.1: Parallel paths before the Tsunami: GDP evolution in Aceh’s Tsunami
stricken districts compared with not stricken counterfactuals
Tsunami  Most aid spent
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1 1 1

100
1

80

T T T T
2000 2005 2010 2015
year

Tsunami stricken
Rest of Sumatra (w/o North Sumatra)

not Tsunami stricken

Note: Blue districts (n=10) are those within which territories were flooded by the Tsunami. Red districts
(n=23) are counterfactuals within Aceh. Green districts (n=72) depict non-Aceh counterfactuals from the
Sumatra Island. The grey shaded area depicts North Sumatra, which only had island districts (2 districts
out of 21) affected and is therefore excluded from this analysis. GDP measures are normalized at the year
2004. The vertical blue line indicates when the disaster struck and the vertical black line depicts when
more than 98 percent of aid stopped.
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Figure A2.2: Impulse responses: Cumulative effect of the Tsunami on GDP growth
rates
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Note: The dashed lines above represent one Standard Error bands. Plotted here is the comparison of the
treated group with the two counterfactuals (red & green districts) combined. The SEs depicted are robust
to spatial and serial autocorrelation and are corrected for heteroscedasticity.
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Table A2.1: Aceh’s Tsunami-output causality panel regressions, 1999 - 2012

Treated group:

Tsunami affected districts (blue) in Aceh

Sumatra control districts (red &

Control group: green)

Non-Aceh districts
(green)

Aceh non-flooded
control districts
(red)

Dependent Variable: GDP per capita

Tsunami (average year) 16.027
(12.290)
Tsunami_05 -4.864 -5.207 -3.898
(11.470) -(12.270) -(8.640)
Tsunami_06 59.989 ** 61.871 ** 48.751 *
(19.540) (19.500) (22.550)
Tsunami_07 6.967 5.612 8.273
(13.320) (13.970) (9.480)
Tsunami_08 36.327 *** 35.618 *** 34.662 ***
(4.680) (7.090) (.)
Tsunami_09 22.286 ** 19.765 * 28.569 ***
(7.950) (9.250) (1.380)
Tsunami_10 10.21 * 9.553 4.943
(12.350) (12.920) -(11.330)
Tsunami_11 9.471 6.778 17.312
(7.500) (8.850) (,)
Tsunami_12 4.009 0.932 14.7
(9.020) (10.050) (.)
Year FE Yes Yes Yes Yes
District FE Yes Yes Yes Yes
SE Spatial HAC Spatial HAC Spatial HAC Spatial HAC
Observations 1287 1287 1118 299
R-sqr 0.24 0.25 0.24 0.34
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Figure A2.3: Impulse responses: Cumulative effect of the Tsunami on GDP per
capita
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Figure A2.4: GDP per capita evolution in Tsunami stricken districts compared with not stricken counterfactuals

Tsunami Most Aid spent

@

e

100 120 140

GDP per capita index (2004 = 100)

80

T T T
2000 2005 2010
year

Tsunami stricken — not stricken in Aceh & N.Sumatra
Rest of Sumatra

Note: Blue districts (n=12) are those within which territories were flooded by the Tsunami. Red districts (n=29) are counterfactuals within Aceh. Green districts
(n=77) depict non-Aceh counterfactuals from the Sumatra Island. The grey shaded area depicts North Sumatra, which only had island districts (2 districts out of a
total of 21) affected and is therefore excluded from this analysis. GDP measures are normalized at the year 2004. The vertical blue line indicates when the disaster
struck and the vertical black line depicts when more than 98 percent of aid stopped. The Tsunami struck on December 26, 2004. Aid totalled 7.7 billion USD and
was officially completed by the end of 2008 (Henderson & Lee, 2015 and Brookings, 2008).
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Figure A2.5: GDP evolution in Tsunami stricken districts compared with not stricken counterfactuals

Tsunami
/ /

Most Aid spent

o

9_
o
o

N o
< X
D'!_
(a0 ]
=

p.s

[ ]
T (N -
£~

5
a

=

5T

O
0o
)
O o

o0

T I I
2000 2005 2010
year

Tsunami struck island

Tsunami struck mainland

nhot Tsunami struck in Aceh & N.Sumatra Rest of Sumatra

Note: Blue districts (n=12) are those within which territories were flooded by the Tsunami. Red districts (n=29) are counterfactuals within Aceh. Green districts
(n=77) depict non-Aceh counterfactuals from the Sumatra Island. The grey shaded area depicts North Sumatra, which only had island districts (2 districts out of a
total of 21) affected and is therefore excluded from this analysis. GDP measures are normalized at the year 2004. The vertical blue line indicates when the disaster
struck and the vertical black line depicts when more than 98 percent of aid stopped. The Tsunami struck on December 26, 2004. Aid totalled 7.7 billion USD and
was officially completed by the end of 2008 (Henderson & Lee, 2015 and Brookings, 2008)
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Figure A2.6: GDP per capita trend: Tsunami stricken Aceh districts (red) versus
synthetic Aceh districts
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Note: Average GDP of 10 affected districts versus 60 not flooded comparator districts in rest of Sumatra.

Figure A2.7: Trends in district average GDP: Aceh versus Synthetic Aceh
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Note: Average GDP of 10 affected districts versus 72 comparator districts outside of Aceh.
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Figure A2.8: Tsunami stricken districts in Aceh versus synthetic Aceh districts
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Note: Average GDP of 10 affected districts versus 60 not flooded comparator districts in rest of Sumatra.

Figure A2.9: Tsunami stricken Aceh districts versus synthetic Aceh districts
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Note: Average GDP of 10 affected districts versus 12 not flooded comparator districts in Aceh.
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Figure A2.10: GDP per capita gap in Tsunami stricken districts and placebo gaps
in other 72 non-stricken districts

T - T T
2000 2005 2010
year

120



Figure A2.11 - Before the Tsunami (1999 - 2004): Light intensity does not
respond to Flood Intensity
Panel A: Area flooded:
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Note: Light Intensity is measured as the cumulative total of the light intensity of all pixels within the
Kecamatan. The annual changes are the differences between these total luminosity in period t minus
period t-1.

121



Figure A2.12 - Immediate aftermath of the Tsunami (2005): Light intensity reacts
to different levels of Flood Intensity
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Figure A2.13 - Recovery phase from the Tsunami (2006 - 2008): Light intensity
reacts to different levels of Flood Intensity
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Figure A2.14 - Post-Recovery phase from the Tsunami (2009 - 2012): Light
intensity reacts to different levels of Flood Intensity
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Map A2.1: Indonesia with its 6 islands, 33 provinces (black delineations) and 426 districts (light-red delineations)
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CHAPTER 3

Why the Indian Ocean Tsunami Caused Creative
Destruction in Aceh: An Analysis of Causal

Mechanisms

3.1 Introduction

Most studies in the fledgling natural disaster economics literature only look at how
aggregate economic activity reacts to a natural disaster, using GDP or a different proxy
thereof. In this chapter, I open this aggregation black box and investigate the channels
through which growth was stimulated in Aceh. In chapter 2, I concluded that the
Tsunami resulted in creative destruction by boosting local GDP per capita growth rates
in the short term and by using the built back better physical capital to sustain higher per
capita output. In this one, chapter 3, I set out to answer why. For this purpose, I look at
the sub-components of GDP with particular focus on aggregate private consumption and
investment (capital formation). I also investigate the sectoral dynamics, looking at

compositional effects on agriculture, manufacturing and services.
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Even though GDP growth was spurred, this positive effect may not have been uniform
across all subcomponents. The subcomponents may quite reasonably display varying
responses, if not countervailing trends. The GDP boost observed in chapter 2 could have
many underlying reasons. It could solely be driven by the reconstruction effort. Given
that GDP mashes together all kinds of economic activity, it could quite possibly be that
even though, say, investment was spurred by the reconstruction effort, aggregate
consumption has collapsed. Looking at the GDP growth alone, would therefore not
provide an answer to this, as a substantial enough boost in investments could have
quite possibly countervailed and even surpassed a hypothetical depression in aggregate

consumption, leading overall to the recorded GDP boost in chapter 2.

The predictions based on the literature with regards to how the GDP subcomponents
react to a natural disaster, are by and large that all of them are significantly reduced
(see e.g. Auffret, 2003, or Hsiang and Jina, 2014). However, these results probably do
not extend to Aceh since the region does not meet the criteria of being an average case
for which the statistical findings on central tendencies would be representative for. Due
to the windfall of aid and the many development programs launched, as a response to
the Tsunami devastation, and not least to the finally reached peace agreement, I would
rather expect that capital formation (investment) rates, and possibly even private

consumption rates increased in the wake of the disaster.

The predictions in the literature with regards to the different sectors are also diverse
and range across natural disaster types. For instance, while a drought was found to be
detrimental for agricultural productivity, it was also found to have negligible effects on
any other sector. Conversely, a flood was shown to on average actually boost
agricultural productivity, while at the same time reducing the performance of the

secondary sector (see Loayza et al, 2012).

In the next section, [ will elaborate on the empirical evidence in the literature on capital
formation and private consumption elsewhere, and contextualize with the
idiosyncrasies of Aceh’s recovery. Based on this synthesis between literature and Aceh’s
own unique experience, [ form the hypotheses that are then tested in the causal
empirical analysis of this chapter. I chose the same approach for the sectoral analysis,

focussing on structural transformation dynamics.
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3.2 The creative destruction channels - literature, evidence and

hypotheses

3.2.1 Structural Transformation

Structural transformation is a crucial factor associated with modern economic growth
(Herrendorf et al, 2013). It refers to the reallocation of economic activity from the broad
sector of agriculture to manufacturing and services.2” Small-scale farmers and other low
productivity workers move into more modern economic activities, therewith boosting

economic growth.

An acceleration of the restructuring between sectors might have been triggered by the
Tsunami through a combination of push and pull factors which causally affected
structural transformation dynamics. Push factors such as the destruction of agricultural
land are driving people out of their original profession of working on the fields. Pull-
factors refer to opportunities being created in other sectors such as in the wake of the
reconstruction, which focussed particularly on the construction and the service sector,
resulting in the development and therefore funding priorities of the donor

stakeholders.28

Push factors

Agriculture was the most severely affected sector by the Tsunami (Soesastro and Ace,
2005). The destruction of land and agricultural practices was sizeable: Around 70,000

ha (with estimates ranging from 60,000 to 85,000 ha) of agricultural land and 22,000 ha

27 Structural transformation is rooted in the dual economy approach of development economics and
builds on research by Kuznets (1966), Chennery (1960), Chennery and Syrquin (1975), Johnston and
Mellor (1961), and Timmer (1988). In focussing on inter-sectoral relationships and flows it is
complementary to the neoclassical growth model that focusses on growth processes within sectors
(Rodrik, 2013).

28] do not claim that these are the only mechanisms through which the Tsunami could have altered the
structural composition and dynamics of the affected region(s). However, I consider them the most likely
channels through which a causal effect would have materialized. The presented analysis is not a test of
the relative effect of each of these mechanisms; the identified mechanisms rather guide the direction of
the hypotheses.
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of plantation crops were flooded, and nearly 2 Million livestock animals were killed
(Alimoeso, 2006). The Tsunami flood inundated about 30 percent of agricultural land,
destroyed the crops that were on it, de-surfaced the land, eroded and scoured topsoil,
deposited sand and clay sediments, deposited debris and trash, silted irrigation and
drainage patters, destroyed dikes, irrigation systems and roads, increased soil salinity,
and permanently altered the coastline (ACIAR, 2014; Moore 2007, Subagyono et al,
2005, New Scientist, 2005). Unable to go about their livelihoods, almost 350,000 people
whose livelihood was in agriculture and fishing required food and financial assistance in

2005 (FAO 2005a and ACIAR, 2014).2°

Is the move out of agriculture long-term? Rehabilitation of soils was a crucial endeavour
and large international efforts were launched to repair the destroyed agricultural
systems (ACIAR, 2014). Initial fears of permanent decreases in soil fertility and
destruction of soil and fields did not hold. Salt pollution of arable fields was flushed out
by heavy rainfalls relatively quickly, and more than two-thirds of the fields allowed for
farming again in April and May 2005 (see FAO, 2005b). Of the 47,000ha of agricultural
land lost in all the affected countries by the Tsunami, 38,000 were able to be used again
in 2005. A remaining 9000 ha, most of which in Aceh, remains permanently unusable
for farming. This is a relatively small amount seeing that it is less than 0.25 percent of

the total 300,000 hectares of rice farms in Aceh. 30

Despite successful rehabilitation programs, it may have come too late. Former farmers
may have permanently moved out of agriculture because by the end of 2007 still only
70 percent of rice paddy fields regained their normal yield in West Aceh. The remaining
30 percent of land yielded lower yields. Lower yields might have contributed to
discouraging farmers to return to their old profession (particularly when there were so

many other opportunities on the horizon in the reconstruction spree).

29 A newspaper article by Jakarta Post alleged that food and monetary aid reduced farmer’s incentives to
return to the fields and that this created a dependency on food aid. Nowhere else, donor reports,
academic papers, international organizations, etc... could I find confirmation of this assertion. Here is the
link to the article: http://www.thejakartapost.com/news/2014/12/30/agriculture-and-fisheries-after-
tsunami.html

30 Also in the interim, farming was coping relatively well, giving the circumstances. Preliminarily the
farmers switched to salt-tolerant crops such as sunflowers and rapeseed, because they did not like the
taste of salt-tolerant rice. Soon, Aceh’s high levels of rainfall however means that soil salinity was
overcome and traditional crops could be cultivated again.
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In contrast to the disincentives for going back to agriculture, there were also some
incentives, although they did not last. The fields that remained intact, or were
refurbished, ultimately recovered in terms of productivity. Over the long haul,
agricultural extension work and new irrigation infrastructure installed helped to boost
yields beyond pre-Tsunami levels, which could have potentially drawn people back to
agriculture (Lassa and Tian, 2014). Many donors launched agricultural, and
agribusiness value chain programs, which were focussed on coffee and cacao, leading to
increased exports of these commodities in 2006 and 2007. The food, beverage and
timber sectors were in fact the only manufacturing sub-groups that actually recorded
growth (World Bank, 2007a). And in 2006 and 2007, food and edible oil exports were
the only other exports next to chemicals (although quite marginal in size, with an export
volume of only 5 Mio USD, which pales in comparison to chemicals, let alone the
previous export champions of fertilizers and LNG). In 2008 however, the export of these
food products almost came to a complete halt. The recovery of agricultural exports
driven by coffee (see World Bank, 2007b) did not last, as illustrated by the almost entire
elimination of agricultural exports in 2008. The retardation of the agro-export industry
has many underlying reasons, including adverse rainfall patters in 2008, and also the
conversion of agricultural land to land upon which settlements are constructed (see

World Bank, 2009a).

Pull-factors

Agricultural labour moved in large numbers to the construction sectors because of
better wages and opportunities there. Aceh shed almost 70,000 jobs in agriculture,
fishery and forestry in the wake of the Tsunami, which corresponds to 6 percent of the
labour force, after accounting for those people who tragically passed away. The
construction sector absorbed the second-most quantity of labourers by adding about
27,000 new jobs, corresponding to almost a two-percentage increase. Agricultural
productivity in 2005 and 2006 was about 750 USD per farmer per year, which was
about half of that of a construction worker. Therefore, the hypothetical farmer working
on a construction contract, say on an aid financed contract from an NGO, made twice as

much rebuilding the field, than he would have made ploughing it.
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Agricultural labour also moved to the service industry: predominately hotels and
restaurants catering to NGO workers and later tourists, but also transport for all the
materials needed in reconstruction and other industries of the service sector.
Transportation and telecommunications added almost 20,000 new jobs from 2004 -
2008 by when most of the aid money was spent and continued to add about 10,000
more jobs until 2012, corresponding to job increases by 2 and 1 percent. The gains for

the transportation sector mostly stem from transporting reconstruction material.

Hotels and restaurants were booming to cater to the NGO workers, and later the
“disaster tourists” and off-the-beaten-path tourists enthusiastic about discovering new
dive spots, beaches, cultural experience, food etc. The Tsunami and the peace agreement
brought tourists in its wake. While there were practically 0 international tourist arrivals
in Aceh, there were already 5000 arriving in 2005, about 12,000 in 2006, and
continuously increasing to almost 30,000 by 2011 (Mota, 2014). Domestic tourism also
rose substantially since the disaster. From 200,000 domestic arrivals in 2004 and 2005,
the number kept on increasing to almost one Mio people by 2011 (Mota, 2014). Dive
shops opened up and new hotels were constructed catering to the heightened number
of tourists. 70,000 jobs were added to the hotels and restaurants sector from 2008 -

2012 corresponding to an increase of about 3 percent.

Now with the 30-years long war being over, “thanks” to the Tsunami, tourism finally
found a foot hole in one of the more remote areas of Indonesia. Due to the natural
disaster, Aceh was the centre of international attention. Tourists enjoy a vast array of
services, from nice beaches, diving, and jungle exploration to tsunami tourism, where a
2600 ton heavy barge used as an offshore electricity generator washed on shore on top of
a building 2 km inland was turned into a tourist attraction and a tsunami museum was
opened in the capital, attracting many tourists looking for an adventure off the beaten

path.

Hypothesis on causal Tsunami effects on structural transformation: Based on the
joint push and pull factors triggered by the Tsunami, I hypothesize an accelerated
structural transformation process, meaning one in which the movement out of

agriculture is sped up, as is the commensurate move into more productive sectors. As to
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the sustainability of the higher rates of structural transformation, it is impossible to

make credible predictions.

3.2.2 Capital formation

Investments are the likeliest out of all GDP subcomponents to have been positively
affected by the Tsunami. Most analyses of post-disaster growth rates talk about
increased construction activity because of the rebuilding of destroyed capital,
regardless of whether overall GDP increases or decreases. Hallegate (2014) argues that
if GDP has increased after a natural disaster, which it has in the case of Aceh as I showed
in chapter 2, it is likely due to improved investments in construction. Construction is a
potent driver for post-disaster growth. One of the very few papers that also suggest a
Schumpeterian creative destruction type result for GDP growth, as I did in chapter 2,
attributes the findings mostly to the reconstruction efforts post disaster (Skidmore and

Toya, 2002).

Capital formation, in the short run at least, should thus have been boosted substantially
in the wake of the Tsunami in Aceh, because the region witnessed the largest
reconstruction effort ever recorded in the developing world. In total, roughly USD 1.5
Billion of aid money had been allocated to infrastructure projects alone in Aceh (World
Bank, 2009b). Advancing the educated guess of investment increases, based on looking
at the sheer volume of funds for reconstruction, was also the Economist Intelligence
Unit, which corrected its initial forecast of annual increases in gross investments for

2006 from 11.7 percent prior to the Tsunami to 17.1 percent right after the Tsunami.

Noy (2009) argued that in post-disaster economies, both an increased and a decreased
investment rate is possible, and which one is the case depends mostly on the future
likelihood of disasters and the possibility that the re-built capital might be destroyed yet
again by future hazards. In the case of Aceh, there was little doubt that reconstruction
was the way to go and uncertainties with regards to future damage were of little
concern, as sitting idly on the total of more than 8 Billion USD in collective aid money

was not an option.
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Finding increased investment rates in the short run is not surprising in light of the
enormous scale of the reconstruction effort in Aceh. Despite the sheer size of the
collective aid delivered, at one point the funds had to run out, which they did by the end
of 2008, and the question remaining is whether the investment volume remained higher
than the counterfactual beyond this point. There is evidence in the limited literature
that supports both a reverting back to counterfactual investment trends even a decline

in investment rates and the opposite, a continued accelerated investment.

Are there long run capital formation effects? Noy (2009) argues that in the short run
investments increase as the physical capital is destroyed, but in the long run
investments decrease, as funds have just been temporally re-assigned. Hsiang and Jina
(2014) for instance show a substantial drop in investments over the long run as a
reaction to severe cyclones.3! Rasmussen (2004) states that reconstruction efforts could
crowd out other productive investments and not only increase the rate of interest but
also reduce productive investments, leading ultimately to lower rates of economic
growth. By this logic, future decreases of investments are the result of tightened fiscal
spaces, and funds that were either temporally or sectorally re-assigned to the
reconstruction sector. Temporarily heightened investments at the cost of future
investments should not have been an issue in Aceh, which received a windfall in funds

from the central government and international donors.

Contrary to the resource scarcity argument, there are also good reasons to think that
long-term investment rates are positively auto-correlated with short-term investment
boosts. Bridges, roads, ports, tunnels, and other infrastructure should have positive
economic externalities and boost economic productivity, which in turn should require
more infrastructure investment in the future. Albala-Bertrand (1993) identified a high
investment rate as a crucial driver of economic recovery, and attributed a high growth
multiplier of investment in reconstruction, meaning that once the physical capital is
rebuilt, the growth will accelerate due to the better quality capital. Similarly, Auffret
(2003) identified replacement efforts to be vital and posited that long-term growth

effects are crucially determined by how well reconstruction efforts advance.32

31 Capital formation declined even faster than consumption (Hsiang and Jina, 2014).
32 He furthermore posited that if an economy did not replace destroyed capital then negative growth
effects would materialize.
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[t is important to distinguish between investments in rebuilding infrastructure, to the
same degree or better, and investments in defensive infrastructure (Hallegatte, 2014).
In principle, also defensive infrastructure should attract more investment in the future.
Defensive infrastructure, such as dikes assure the protection of prospective
infrastructure, reducing the risk of prospective construction efforts. Along these lines,
Popp (2006) argued that upgraded physical defensive capital, such as improved
forecasting and detection technologies, should increase long run growth. In Aceh, about
1.9 Billion USD or one-third of the commitments were specifically earmarked for

“building back better” on top of the USD 6.1 Billion for rebuilding (World Bank, 2006).

The availability of complementary recurrent capital to maintain the built back better
capital is crucial in assuring long-term heightened investment rates. The oil and gas
sharing agreement and the Aceh Sovereign Fund, both started to disburse in 2008 are

important guarantors that capital formation is boosted in the long haul.

Hypothesis on the causal Tsunami effects on capital formation: Based on the
reviewed literature and given the large sums of aid allocated to Aceh, investment rates
are expected to have been stimulated by the natural disaster, not only in the short-term,
but also in the long-term. An additional contributing factor to increased long term
investment rates are the autonomy and oil and gas fund which started disbursing in

2008.

3.2.3 Aggregate private consumption

Aggregate consumption comes closest to a measure of how humans are faring and how
they are coping economically, out of all the subcomponents of GDP. It is a summary
measures of available household resources and therefore proxies other important
measures of human development such as wellbeing and poverty (see World Bank,
2008). By and large, aggregate consumption has been found to contract due to extreme

natural disasters (see e.g. Mechler, 2009 and Hsiang and Jina, 2014).

Consumption trends and patterns can be severely altered by a natural disaster and
maintaining a stable path of consumption, becomes a challenge. Access to insurance

schemes and other forms of financial transfers can enable consumption smoothing as
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scarce funds intended for consumption do not have to be re-assigned and spent on

reconstruction instead (Udry, 1994; Kunreuther and Michel-Kerjan, 2009).

In the absence of risk-sharing mechanisms such as social safety nets, as is the case in
most developing countries, households responding to supply side shocks are not able to
smoothen their consumption (Gassebner, Kek and Teh, 2010). Looking at earthquakes
in El Salvador, Baez and Santos (2008) find that the natural disasters reduced
household income significantly, and with it lessened consumption. Household
consumption was significantly reduced in the wake of the drought that hit Burkina Faso
(Kazianga and Udry, 2006; Fafchamps, Udry and Czukas, 1998). In the Philippines
households were not able to smooth consumption in the wake of the typhoon (Anttila-
Hughes and Hsiang, 2011). The Economist Intelligence Unit (EIU), after having factored
in the Tsunami, corrected its aggregate private consumption predictions for Aceh
slightly downwards; pre-Tsunami it estimated a growth rate of 5.2 percent, post-
Tsunami 4.6 percent. The forecasting provider attributed their slightly weaker
predictions to a weaker consumer sentiment and cautioned that economic growth
mainly driven by reconstruction might ultimately be offset a bit by a depressed

aggregate consumption.

In lieu of insurance schemes, there are also other ways in which affected private
households may finance consumption smoothing, inter alia through dissavings, through
remittances, through microcredits and direct monetary transfers. In Aceh, all of these
mechanisms played an important role, but above all, direct cash transfers were decisive.
According to the 2008 World Bank Poverty Assessment in Aceh, dissavings helped
selected households to smoothen consumption and that the savings were a substantial
buffer between maintaining consumption and falling into poverty (World Bank, 2008a).
Remittances also played an important role in smoothing consumption for many families
in Aceh (Wu, 2006). After a temporary decrease of formal remittance flows in the
months after the disaster, formal and informal remittance flows were restored and

recovered beyond the pre-Tsunami level (Wu, 2006).

Cash transfers were a very widely used distribution tool in Aceh. Cash transfers are
viewed in the development community as a potent vehicle for stimulating and

maintaining household consumption (see e.g. Coady et al. 2010, Bazzi, Sumarto, and
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Suryahadi, 2014). Cash transfer programs, where cash was transferred directly to
affected households, as opposed to the communities or intermediaries is a recent
darling among assistance programs of the development community, particularly among

NGOs. The measure came to frequent use in Aceh.

The declared goal by many in the development community, especially in the early stages
of the relief effort in Aceh, was to “put cash into people’s pockets” (Adams, 2005). The
donors implemented a host of different cash transfer programs such as cash transfers to
households, cash and voucher projects, cash for work programs, cash grants for
livelihood recovery, cash for orphans, cash for shelter, and cash/grant/loan hybrid
programmes (Adams, 2005). Particularly cash-for-work programs were a success story
in Aceh, and were also described to boost morale and psychosocial wellbeing (Adams,
2005), through which they not only contributed directly to consumption smoothing, but
also indirectly, by improving consumer sentiment, one of the major reasons why EIU

corrected their consumption forecasts downward in the first place.

Through cash-for-work programs NGOs initially contributed substantially to increasing
wages, by offering substantially more than people were paid previously. This should
have increased disposable income, which in principle could have even led to an increase
rather than just a smoothing of aggregate consumption. As agencies became aware of
their programs distorting the local labour market, they reduced wages by limiting the
number of days local people could work for them and in some cases even suspended
projects for entire periods. This change of collective heart of the donor community
could have quite feasibly exerted downward pressures on consumption. For an in-depth
discussion on the cash programs and their evolution in Aceh see Adams (2005) and

Adams (2007).

Whether the monetary assistance had to be paid back (whether it was a loan, or a grant)
should have also influenced consumption rates. The larger the share of grants, the
higher the consumption smoothing/boosting effect since the funds do not have to be
paid back and therefore future consumption is not in competition with current
consumption. Microfinance institutions supplied mostly loans. Humanitarian agencies,
such as Mercy Corps, Save the Children, Care, WFP, or Oxfam, to name but a few used a

mix between loans and grants. Particularly at the beginning, they used mostly grants,
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but switched to more loans as the relief efforts transformed into recovery efforts.
Depending on the humanitarian agency’s philosophy with regards to creating
dependencies, distorting local markets, and avoiding poverty traps among others, either

loans of grants were chosen.

Overall, cash transfers have proven to be successful, and initial concerns such as
corruption and gender imbalances have not materialized (Adams, 2007 & Cole, 2006).
Cash transfer programs were however not free from problems and there were a number
of limitations and concerns including absent strategic frameworks, limited use of
appropriate institutions, limited analysis of cost-efficiency, among several others (see
Adams, 2007). Overall, cash transfers were the preferred choice and in-kind transfers

were mostly only used in the immediate emergency phase.

In Sri Lanka, the second worst hit country by the Indian Ocean Tsunami after Indonesia,
cash transfers were successful in smoothing consumption. Households that received
cash transfers in the relief effort had significantly higher levels of consumption than
those that did not (Mohiddin, Sharma, and Haller, 2007). Cash beneficiaries were shown
to diversify their diets, and also increase their consumption of non-food items. On the
whole total caloric intake declined immediately following the Tsunami. However those
Sri Lankans that received cash transfers managed to increase their average caloric
intake to above 2100 kcal, which is slightly higher than it was even before the Tsunami
(Mohiddin, Sharma, and Haller, 2007).33 Given the prominence of cash programs in
Aceh, and a much larger scale of the aid effort, if Sri Lanka showed household

consumption smoothing/boosting, so should Aceh.34

Under a scarce fund resource premise we may observe lowered consumption rates.
There may be the behavioural element of precautionary saving, where people increase
their savings rate due to perceived higher uncertainties, in order to have a buffer for
future disasters. Another reason for why consumption may not be maintained is asset
smoothing, where assets need to be replaced, and in doing so, individuals need to shift

away from consumption. Precisely because funds are not scarce however with the

33 Food-receiving households showed similar yet slightly higher trends in food consumption
smoothing/boosting than cash-receiving households.

34 Even though the outcome measures and the scale of analysis used in the Sri Lanka research are
different from the one used in this chapter.
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backdrop pf unprecedented aid windfalls and sovereign and oil wealth, I do not expect

consumption reduction to have occurred because of these reasons.

Are there long-term consumption effects? Even though I expect to find maintained
aggregate consumption rates, as Aceh coped with the natural disaster in the immediate
aftermath, longer-term ramifications are more of an uncertain question. The literature
reports the adverse effects of natural disasters to be persistent, as they lead to dis-
savings that reduce the capital stock and ultimately lower consumption over the long
haul (Mechler, 2009). Hsiang and Jina (2014) show after an initial increase in
consumption following severe cyclones, which lasts for about three years, the country’s
consumption rates plummet past that time and consequently deteriorate and decline

over the long haul.

Despite the adverse long-term effects on consumption reported in the literature, Aceh
may be different. The reason is again the windfall in aid and transfer assistance, which
should have delinked consumption from other type of expenditure, and therefore
evaporated substitution effects, as there was no limit of financial resources. An
increased investment rate and the fiscal stimulus (shown subsequently in this chapter)
may have furthermore assured a continuously high rate of aggregate consumption due
to positive feedback loops. There are some signs however, that Aceh might have a
decline in long-term consumption. The higher unemployment rate causally triggered by
the Tsunami (shown in the Appendix of this chapter) may have eroded aggregate

consumption, and once the aid programs ran out, consumption would have contracted.

Hypothesis on the causal Tsunami effects on aggregate private consumption: The
reviewed literature suggests a drop in aggregate consumption, but due to the many cash
transfer and other recovery and relief projects launched, in Aceh, consumption
smoothing (if not boosting) is expected in the short run. In the absence of fund scarcity
in the immediate years following the natural disaster, and an infrastructure that was
built back better, which should lead to increased productivity, I expect that consumption
was boosted also over the long haul. An additional contributing factor to increased long
term consumption rates are the autonomy and oil and gas fund which started

disbursing in 2008.
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3.3 Data and methods

3.3.1 Data - province level GDP subcomponent data

[ use province level data because unlike GDP, its composite measures, which I will
scrutinize in detail, private consumption and capital formation are not available at the
district level. I therefore move up to the next administrative level, the province, which
is the smallest unit for which subcomponent data is available. For the sectoral
decomposition, into agriculture, manufacturing and services, data on the district level is
available, and I conduct a supplementary analysis to the main province method on a
district level.35 The province level GDP data are taken from the same source as the
district level GDP data in the main chapter of this PhD dissertation, the INDO-DAPOER
dataset. They are computed using the expenditure approach. For more detailed

information about the dataset, see the data description section in chapter 2.

The provincial dataset is shorter than the district level dataset used in chapter 2, and
ranges only from 2000 to 2010. This means that the provincial GDP subcomponents are
available for two years less than the district level GDP figures presented in chapter 2
and only reach until 2010. Furthermore, when deflating the subcomponents, the dataset
further reduced in range from 2000 to 2010 because of the absence of deflators prior to

2000, in part owing the political conundrum of the region.

Any analysis of GDP subcomponents lumps together the 10 Tsunami flooded districts of
Aceh, with the 13 non-flooded districts which are then compared to the other 31
provinces of Indonesia (including the 8 other provinces of the Sumatra island) that are
not affected. Using provincial instead of district level data poses conceptual as well as
analytical challenges. The conceptual challenge is that countervailing trends amongst
the 23 affected districts are masked in provincial level analysis. Positive spillover
effects, as indicated in chapter 1, from the 10 directly stricken districts to others,

intensify the interpretation of creative destruction, and negative spillover effects

35 chose to highlight mainly the province level analysis in this chapter so that the sector results and
method would be consistent with the subcomponent analysis. I did however also carry out a more
disaggregated analysis using the district level for the sector analysis, which is also included as a
supplementary analysis.
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attenuate the interpretation. Therefore in evaluating the results, one should keep in
mind that they might be biased because the unit of analysis was not affected uniformly.
The analytical challenge is that instead of 10 treated districts I only have 1 treated
province, Aceh, and therefore applying the difference-in-differences analysis is no
longer possible due to lack of cross regional variation. Consequently I am introducing a
new method in this chapter: the synthetic control method, an analytical framework,
which perfectly lends itself to tacking this setup forced by the natural experiment and

the data limitations.

3.3.2 Synthetic Control and Comparative Case Studies Method

[ implement the synthetic control method for causal inferences in comparative case
studies a la Abadie and Gardeazabal (2003) and Abadie, Diamond, and Hainmueller
(2010, 2014) for estimating the Tsunami impact on the Aceh province in Indonesia. The
synthetic control method is designed to produce a synthetic comparator, which best
mimics the treated (i.e. flooded) region in its pre-treatment characteristics. The
counterfactual scenario established by the synthetic control method is constructed to
allow inferences as to what would have happened had the intervention not occurred.
Essentially the idea is combining regions that have not been affected into one
amalgamate, which is designed to resemble the treated Aceh unit as closely as possible

(because no one single region can).

Just as in the case of the district level analysis I perform the analysis both ways, first
excluding North Sumatra from the analysis, then including it (which also serves as a nice
robustness check). Map 3.1 shows an illustration of both ways in which [ will carry out

the synthetic control method.
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Map 3.1: Tsunami stricken province versus 31 non-stricken provinces

Aceh

North Sumatra

Note: Aceh was severely affected, such that 10 out of 23 of its districts were stricken and flooded by the
Tsunami. North Sumatra was much less affected in that only 2 districts, the island districts (Nias and
Tanahbala) were affected by the Tsunami. Due to this, I drop North Sumatra from the pool of
counterfactual regions, which reduces it from 32 to 31.

Formalizing the synthetic control method: I observe J + I regions (provinces). Let the
first region be the one affected by the Tsunami (in our case Aceh), which should leave us
with J regions of potential controls. Comparative cases studies assume that the unit
continues to be treated over time, which in my case means that I not only estimate the
impacts of the year in which the disaster struck, but also the aftermath-years. The
estimated results will include only the net effects of the treatment (Tsunami) on Aceh
and will not disentangle the effects of possible disaster management and relief

intervention taken.

Let Y;; be the regional subcomponent of GDP measure (private consumption, capital
formation, government consumption, or net exports) or the regional sector measure
(agriculture share of GDP, service share of GDP, manufacturing share of GDP) for
province i at time t. [ deflate all GDP subcomponents, a measure especially important

due to surges in inflation caused by the windfall of aid (see World Bank, 2005).36

36 External negative shocks such as the Tsunami can affect the aggregate demand function in various
ways. They may affect the classical aggregate demand function endogenously through prices. Increased
price levels, such as during inflations, decrease the demand for most goods and therefore depress
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Following Abadie et al (2010) and Cavallo et al (2013), Y} denotes the respective GDP
subcomponent absent of the Tsunami flooding and Y. would be the outcome observed
if unit 7 is exposed to intervention in the disaster period and aftermath period (from

T, + 1to T). As I discussed in chapter 2 of the PhD, the Tsunami hit Aceh unexpectedly
and there were no preparations taken in anticipation of a possible event. Therefore
there are not supposed to be any effects of the Tsunami on the outcome before the
treatment period so for t € {1, ...,To}and all i € {1, ..., N} so one should get Y} = Y;
for t <2005. T + 1 or in our case 2005 is the first year during which we should expect

to observe effects of the treatment on Y.

The effect I aim to estimate is the local average treatment effect (LATE), the effect of the
Tsunami intervention on the treated (flooded) regions a;Ty,1, .... 21T , where a;; =

Yh—YY =Y, =Y} for t > T, =20040rYi =YY + ay,.

Let D;; be the indicator denoting whether region i was exposed during time ¢ to the
Tsunami. Because only our first region, i.e. Aceh, is exposed to the treatment, and only
after period Ty (with 1 < T, < T), we have:

lifi=1landt>T,

D., =
i { 0 otherwise

Y}, is observed, we therefore we only need an estimate of Y} to compute @;,. We obtain
the estimation of Y} by applying a difference-in-differences type factor model (adapted

from Abadie et al, 2010):
Yzltv =0+ 0cZ +yels + &

Where §; is an unknown common factor common to the not affected group; Z; is a
vector of observable covariates not affected by the Tsunami (such as pre 2004 GDP, pre
2004 population, or pre 2004 level of agricultural concentration); y;u; is a vector of
unobservable common factors interacted with unknown factor loadings; ¢;; are regional

level temporary shocks with 0 mean.

consumption. Because of the surge in inflation caused by aid assistance (see World Bank, 2005), I correct
the consumption data and deflate it so that it is inter-temporally comparable.
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How do we combine the regions as potential controls? Consider a vector (J x 1) of
weights W = (wy, ...,w;;1)" such thatw; > 0 forj=2, .., J+1land w, + w3 + -+ wj; 1 =
1. Here every value of W represents a potential synthetic control, or particular weighted

average of control regions. Suppose the existence of a set of weights (w; + -+ w*; ;1)

f:; w; = 1 such that:

J+1
Z wiYy =Y,

j=2

satisfying ).

J+1
* —
Z. w; Yiro = Y110

Jj=2

J+1
j=2

where Z is a vector of observed predictors of regional GDP (per capita).

J+1

Abadie et al. (2010) suggest using a;, = Y;; — 2i—,wiYj forthet € {To +1,..,T}asan

estimator of ay;.

3.3.3 Methodological Caveat

Similar to chapter 2, the aim of this chapter is evaluating the impact of the natural
disaster and aid on, for the purposes of this chapter, GDP subcomponents and
subsectors. The effects of the natural disaster absent of recovery aid cannot be assessed,
as there is no case in which Tsunami destruction treatment was “given”, and aid
treatment was not “given”. As this chapter uses provincial level data, one level coarser
than the district level data in chapter 2, another treatment joins the mix: that of peace.
In provincial level data, [ have only one observation for Aceh, instead of the 23 districts

of chapter 2, and the entire province received the peace treatment. Whereas in the
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district analysis case [ was able to exploit within province variation, essentially

controlling for the peace effect, with province level data, this is not possible.

One year after the Tsunami crushed on the shores of Aceh, a historic peace deal was
struck ending a nearly 30-years-long civil war. De facto peace was attained immediately
after the disaster, as indicated by only a handful of separatist conflict-caused
mortalities, as shown in chapter 4. A formal peace deal was signed in 2006, halting all

conflict and separatist activity and reducing the amount of conflict mortalities to zero.

The relative contributions of physical Tsunami destruction, aid, and peace to creative
destruction cannot be singled out and separately quantified with province level data.
Due to joint occurrence of flooding, aid disbursal, and peace, all starting essentially
concomitantly in 2005, it is impossible to isolate the individual effects with province
level data. For example, it cannot be assessed whether a heightened investment activity
is caused by the destruction of the Tsunami and the aid disbursed, or because of a better
investment climate after the conflict has ended and peace has been restored (both aid &
peace being important factors in successful recovery and reconstruction). The
estimated causal effects detected with provincial level data are thus a combination of

the natural disaster repercussions, aid funds and peace.

Strictly speaking, peace was caused by the Tsunami, and therefore it is an extension of
the natural disaster impact and not so much of a problem for a causal Tsunami-outcome
interpretation. In order for the results to be somewhat representative to other
circumstances however, to be able to assert that peace effects did not play a substantial
role in the economic recovery, would be required. Empirical reality however is another,
and there are positive effects of peace on economic growth as shown in chapter 4 of this
PhD thesis and therefore, the resulting trends in consumption and investment are also

to some degree due to peace.3?

37 In chapter 2 of this PhD thesis, I looked at the causal effect of the Tsunami along with the aid it
triggered on economic growth. I was able to isolate the effect and ascertain to a high degree of confidence
that the identification is valid meaning that none of the other factors that started to vary around the same
time as the onset of the natural disaster caused the reported treatment effects. The causal identification in
chapter 2 was based on using not only the variation within the districts (affected or not) over time, but
also the variation between the affected districts and those not affected. [ was therefore able to guarantee
that the historic peace deal that was struck, which was also caused by the natural disaster did not affect
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For the consumption and investment part of the analysis in this chapter, peace effects
do play a role in producing the estimated effects. There is no way around it. [ do present
a discussion however of the role peace plays and the relative size of the peace effects.
For the sector analysis, I can control the peace effects by relying on a supplementary
district level analysis. Each of the districts received an equal ‘dosage of peace’, which
allows for a controlling for the mitigating impacts of peace in a cross-district analysis.
Unfortunately, only GDP sectors are decomposed at a district level, not GDP

subcomponents.

A challenge to the long-term effects analysis are oil and autonomy funds that Aceh
received, starting with 2008, which cannot be taken into explicit consideration by
applying provincial level data. Particularly in light of the fiscal influx in Aceh due to the
oil sharing revenues starting in 2008 (and to some degree the peace-funds starting also
in 2008), which are delayed consequences of the peace deal, and therefore also of the
Tsunami, the interpretation of the effects on each subcomponent has to be done
carefully. Interestingly, both investments and private consumption time series display a
kink right before the year 2008 (see findings section of this chapter), suggesting that it
could have been precisely the autonomy and oil funding, which caused that the higher

consumption and investment paths were reached sustainably.

Which recovery policy exactly made the difference? Albeit very interesting in and of
itself, the question of which policy measure precisely was the lynchpin in affecting
consumption and investment and their relative effects are not the subject of this
chapter. This chapter will solely determine if Aceh in a response to the collective of
policy measures (most a success, some a failure) following the natural disaster, has

managed to smoothen consumption and built back better sustainably.

the growth stimulating effects reported. In following the same district level analytical approach for a
structural transformation analysis, I should also equally be able to control for the peace effects.
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3.4 Findings

Investigating the channels through which the Tsunami may have caused a higher
growth path, I focus mostly on structural change, aggregate private consumption and
investment. In section 3.4.1, | investigate whether the Tsunami has causally accelerated
the structural transformation process of the Acehnese economy. I find that the process
of structural transformation was occurring in Aceh prior to the Tsunami, albeit at a very
slow pace. The Tsunami caused a substantial acceleration of this process and lead to an
accelerated shift out of agriculture into services. In section 3.4.2, I verify whether the
reportedly largest reconstruction effort the developing world has ever seen is also
reflected in the reconstruction numbers, i.e. capital formation levels. This first step is
mostly for the purpose of getting a measure of the magnitudes of the recovery, not so
much as a test whether or not they have increased, as they ‘must’ have done so due to
the sheer size of reconstruction assistance and aid, absent of measurement errors. |
document in detail how the reconstruction effort triggered a boost in investment, as the
destroyed capital is replaced. | show that the higher investments lasted even after the
reconstruction was finished. In section 3.4.3,  answer the question whether Aceh has
managed to smoothen aggregate private consumption. I find that beyond smoothening,

private consumption was boosted to a higher long-term consumption path.

To be consistent, | mainly rely on province level analysis using the synthetic control
method for both the analysis of sectors (e.g. agriculture and services), as well as
subcomponents (e.g. private consumption and capital formation). Because I also have
district level data, but only for the sectoral disaggregation of GDP, I also perform a

supplementary analysis for structural transformation.

3.4.1 Structural transformation was accelerated

[ follow the empirical framework of McMillan & Rodrik (2011) Kuznets (1966),
Chennery (1960), Chennery and Syrquin (1975), Johnston and Mellor (1961), and
Timmer (1988), in identifying and defining the re-organisation of economic activity as a
structural transformation process once it meets the following empirical criteria: (1)

declining agricultural share in GDP, (2) service sector growth, and (3) manufacturing
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sector growth. Based on this verifiable conceptual framework, I evaluate first whether
these empirical boxes can be ticked off for Aceh, and second and more importantly,

whether the Tsunami caused an acceleration of these transforming processes.

In what follows, I show that the structural transformation process, which was already
underway in Aceh, was causally accelerated because of the Tsunami in two of the three
yardsticks capturing structural transformation. [ show that the Tsunami causally sped
up the move out of agriculture (including also forestry and fishing), the move into
services (trade, transport and finance). I fail to confirm an accelerated increase of
manufacturing (but there was no original transition to manufacturing in the first place)

and discuss the reasons.

(1) Agricultural value added (VA) as a share of overall GDP shrunk very little over time
in Aceh, if anything at all, in pre-Tsunami times (see figure 3.1). Applying the synthetic
control method, [ show that post-Tsunami, Aceh would have slowly structurally
transformed and reduced agricultural VA by about 2 percentage points, as indicated by
the dashed line, representing the counterfactual, arriving at a share of agriculture of the
economy of 43 percent by 2012. Instead of the 43 percent share, Aceh in fact arrived at
32 percent, owing to the Tsunami. The Tsunami caused an extra reduction of the share
of agriculture of 11 percentage points by 2012, kick starting the structural
transformation process. The rates at which Aceh moved out of agriculture accelerated
markedly in the years immediately after the Tsunami. After 2008, the rates seem to run
parallel again to those of the counterfactual. Correspondingly, employment shares in
agriculture also dropped from almost 55 percent of the labour force to about 42 percent

since the beginning of the Tsunami.
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Figure 3.1: Agricultural share of GDP trends: Aceh versus synthetic Aceh
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Source: INDO-DAPOER data. For a description of the dataset, see chapter 2.

The effect displayed in figure 3.1 was unlikely observed by chance. Evaluating placebo
effects in-space shows that the p-value, comparing the estimated main effect to the
distribution of placebo effects, is below 0.02 from 2005 onwards. The affinity between
the treated and the synthetic control unit is shown in table A3.1 of the Appendix. Table
A3.2 in the Appendix displays the weights of each district in the counterfactual pool.

(2) The tertiary sector (trade, transport and finance), which captured about 40 percent
of economic activity before the Tsunami, “now” (in 2012) accounts for almost 55
percent (see figure 3.2). In the absence of the Tsunami, the service sector would have
also grown, but at a much slower pace. It would have grown from about 40 percent
tertiary VA as a share of the economy, to about 42 percent. Instead of this two
percentage points increase, the Tsunami caused an additional increase of 13 percentage
points. The agricultural share of the service sector increase from about 18 percent to 20

percent.

The service sector absorbed most of the displaced economic activity from agriculture.

Put differently, the tertiary sector’s slice of the total economic pie grew substantially,
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buoyed by the Tsunami, at the expense of the primary sector. As with the agricultural
share, it seems as if the change in service share faced an adjustment period mostly in
the years following the Tsunami, and further along moved in parallel to the

counterfactual trajectory.

Figure 3.2: Service share of GDP trends: Aceh versus synthetic Aceh
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The transport and trade (including hotels and restaurant) sectors (both sub-categories
of the tertiary sector) were crucial in Aceh’s recovery program, and were probably the
key levers that kick-started structural transformation process. While transport almost

doubled in size since the natural disaster struck, trade also increased by 50 percent.

The effect displayed in figure 3.2 was unlikely observed by chance. Evaluating placebo
effects in-space shows that the p-value, comparing the estimated main effect to the
distribution of placebo effects, is about 0.03 from 2005 onwards. The affinity between
the treated and the synthetic control unit is shown in table A3.3 of the Appendix. Table
A3.4 in the Appendix displays the weights of each district in the counterfactual pool.
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(3) Compared with Indonesia, manufacturing in Aceh was always a small sector,
accounting for about 6 percent of regional GDP prior to 2004, which contrasts to the
national average of about 22 percent. Looking at the historical manufacturing value
added evolution confirms the decline of the sector and furthermore highlights the
permanence of this decline (see figure 3.3). A poster-child-like structural
transformation, one that would have been ticking all of the boxes enumerated by
McMillan & Rodrik (2011), would have included an increased manufacturing share.
However, Aceh shows the inverse: A decrease in the share of manufacturing, which
began already before the Tsunami. The Tsunami certainly did not manage to turn
around the manufacturing dynamics and trigger a structural transformation process. If
anything, it exacerbated it, where without the Tsunami, Aceh would have a
manufacturing share of the GDP of 5 percent. Because of the Tsunami, it only has 3.5

percent.

Figure 3.3: The impact of the Tsunami on manufacturing
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The reason why the manufacturing sector was declining in Aceh before 2004 was

primarily the running out of oil and gas, which continued to have an impact also in the
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post-Tsunami era.38 The Tsunami decimated the manufacturing sector chiefly because

of the destruction of one single, but quite important cement factory.

The effect displayed in figure 3.3 is possibly observed by chance. Evaluating placebo
effects in-space shows that the p-value, comparing the estimated main effect to the
distribution of placebo effects, in no year reaches a value lower than 0.13. The affinity
between the treated and the synthetic control unit is shown in table A3.5 of the
Appendix. Table A3.6 in the Appendix displays the weights of each district in the

counterfactual pool.

Oil and gas: Aceh started running out of oil and gas resources and the first precipitous
decline in resource extraction happened in 2002 (which is also mirrored by a
synchronous decline in the share of manufacturing in figure 3.3). The closing down of
the oil and gas field in Arun is an external negative shock that caused ripples in the
entire manufacturing sector of Aceh. Manufacturing relied heavily on oil and gas as
cheap production inputs (World Bank, Aceh Economic Update 2007). Declines in
production due to missing oil were noted in many industries, including fertilizers,

chemicals, cement and others (World Bank, Aceh Economic Update, 2007).

Cement: Aside from the demise of oil and gas, which was caused by triggers unrelated to
the Tsunami, the second largest industry prior to the natural disaster, cement, also
faced an unprecedented decline; this one was related to the Tsunami however. The
physical and human destruction of the Tsunami caused in this sector was very large and
equates to a complete destruction. The only cement factory in the area located in
Lhoknga, which was operated by Lafarge, a French company, was completely destroyed.
Almost all 500 people working in the factory at the time of the Tsunami were killed.

The plant was producing about 1.2 million tons of cement a year in Aceh, and only a
quarter was sold in the province (Higgins, 2005). It controlled about 96 percent of the
local market prior to the Tsunami (Higgins, 2005).3°

38 Partially responsible for the loss of competitiveness of the region were also skyrocketing wages in the
wake of the reconstruction process, which disadvantaged the local economy because it made
manufactured products more expensive (see World Bank, 2008b). Inflation had likely a big hand in
depressing Aceh’s competitiveness and ergo its exports in the first year or two after the Tsunami.

39 The destruction of the plant caused damages of 220 USD Mio Dollars. The factory is being rebuilt and
has yet to start operating again.
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3.4.1.1 Linking structural transformation to growth

Production and labour flows from underperforming (low-productivity) activities to
high-productivity activities are a crucial feature of development (McMillan & Rodrik,
2011). Nevertheless, how do we know that structural transformation was productivity
enhancing; what if the extra labour in services is low-skilled and has an even lower
productivity than it had in agriculture? After all, agricultural labour productivity
continued to steadily increase by about USD 20 per worker a year after the Tsunami; a

rate which has not changed since before the Tsunami.

[ examine the question of whether structural transformation was actually growth
enhancing, by looking at more disaggregated sectors (see figure 3.4). I find that the
Tsunami was a powerful shock nudging the Acehnese economy further towards higher
labour productivity. Before the Tsunami struck, the structural change in the Acehnese
economy was growth reducing (see figure 3.4). Labour moved from the more
productive sectors of the economy, such as manufacturing and also trade, transport and
construction to less productive sectors, most notably agriculture, forestry and fishing.
During the three years prior to the Tsunami the trade, hotel and restaurant sector shed
labour to the tune of about 4 percent. At the same time, agriculture’s workforce was
gaining workers by more than 4 percent. The only two sectors that are below the
average productivity are agriculture and the utilities and electricity sector, both of

which increased in jobs from 2001 to 2004.
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Figure 3.4: Association between sectoral labour productivity and job flows before
the Tsunami
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Note: Regression equation In(p/P) = a + f*AEmp.Share results in the following estimated coefficient § = -
11.4 with associated t-statistic of -0.58. Circle size represents the share of sectorial employment in 2004.

With the timing of the Tsunami came structurally transformative change. Agriculture
was now shedding labour and construction and manufacturing were picking up the
workers that had just become available. Trade’s labour shedding slowed. Together,
these dynamics translated into a change from a growth reducing structural change to a
growth-enhancing structural transformation (as indicated by the positive slope

coefficient in figure 3.5).

153



Figure 3.5: Association between sectoral labour productivity and job flows after
the Tsunami
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Note: Regression equation In(p/P) = a + B*AEmp. Share results in the following estimated coefficient 8 =
41.1 with associated t-statistic of 1.42. Circle size represents the share of sectorial employment in 2008.

Was this switch from growth reducing to growth enhancing structural change causally
tied to the Tsunami? The switch per se probably would have also occurred in absence of
the disaster, but the magnitude would have been much less as suggested by comparing
the productivity dynamics of Aceh to the counterfactuals. Even though the rest of
Sumatra also displayed a similar pattern in that the region switched from a growth-
reducing to a growth-promoting structural change trend, just like Aceh did, it did so at a
much slower pace. The elasticity between employment share changes and share of
sectoral productivity, even though also positive from 2005 to 2008 for the rest of
Sumatra, was much smaller in size to the tune of one-third of the magnitude (the

coefficient was 13.4 compared with the 41.1 for Aceh).
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3.4.1.2 Structural transformation also displayed with district level

data?

Unlike for investment and private consumption, for the sectoral aggregation [ can zoom
in closer, to the district level, which should allow me to dismiss the concerns related to
biasing peace effects (at least for the structural transformation analysis). Testing for
acceleration of structural transformation with a different method, for the district level
data, confirms the results attained using the synthetic control method on province level
data. Aceh has accelerated its move out of the primary sector into the tertiary sector
after the Tsunami. As the economy grew, Aceh moved into the tertiary sector,

continuously increasing its share of the overall economic pie.

Prior to the Tsunami, the to-be-stricken districts were being structurally transformed at
a similar rate compared to the not affected districts, as indicated by the parallel blue
and red lines in the first panel of figure 3.6. Both are however steeper than the rest of
the island’s districts (excluding Aceh and North Sumatra). After the Tsunami however,
the rate of change of moving into the tertiary sector did not significantly change in the
two counterfactual groups (the green and red lines did not change in slope
significantly), whereas it did for Aceh; the region shifted into a higher gear by gradually

focussing more on the tertiary sector.
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Figure 3.6: Tertiary Sector Value Added - Before and after the Tsunami
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Note: The slope coefficient of the fitted linear line for Tsunami stricken districts (blue) increased by 102
percent, comparing before the Tsunami with after the Tsunami. In contrast, the slope of the two
counterfactuals combined increased only by about 23 percent.

Corresponding to the move into the service sector was the move out of the primary
sector (agriculture, forestry and fisheries). The move out of the primary sector was sped
up disproportionately in the Tsunami stricken districts compared to the counterfactual
groups, indicating an accelerated structural transformation. The left panel of figure 3.7
shows that Tsunami stricken districts before the Tsunami moved out of this sector at
the same pace as rest of Sumatra, and at a slower pace than the stricken districts. The
right panel shows however that the Tsunami accelerated the exit of the affected
economies out of the primary sector as shown by a steeper slope in the fitted blue line.

From 2005 to 2010, the stricken districts displayed the fastest move out of the
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agricultural sector. From 1999-2004, they moved slower out of agriculture than the

non-flooded districts in Aceh.

Figure 3.7: Primary Sector Value Added - Before and after the Tsunami
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Note: The slope coefficient of the fitted linear line for Tsunami stricken districts (blue) decreased by 55
percent, comparing before the Tsunami with after the Tsunami. In contrast, the slope of the two
counterfactuals combined decreased only by about 26 percent.

For manufacturing the Tsunami was also transformative, but not in a growth promoting

way. It decelerated the move into the manufacturing sector for the Tsunami stricken
districts, much of it had to do with the destruction of certain highly capital intensive

factories (as elaborated on in the section on manufacturing). Aceh was moving much

slower on concentrating in manufacturing as its economy expanded before the Tsunami,
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as indicated by a much flatter slope in the first panel of figure 3.8. After the Tsunami,

Aceh went the opposite way.

Figure 3.8 : Secondary Sector Value Added - Before and after the Tsunami
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Note: The slope coefficient of the fitted linear line for Tsunami stricken districts (blue) decrease by 51
percent, comparing before the Tsunami with after the Tsunami. In contrast, the slope of the two
counterfactuals combined decreased only by about 43 percent.

The marginal effects of the structural transformation process are computed in table 3.1.
With every one percentage increase of GDP per capita, the tertiary share of the economy
increased by 0.097 percentage points. As shown also with the provincial data, most of
the changes occurred in the first two years after the Tsunami. Changes to the tune of 10
percentage points from one year (before the Tsunami) to the next (after the Tsunami),
were no rarity: e.g. Aceh Barat jumped from 51 percent service share to 61 percent,
Aceh Besar jumped from 36 to 47 percent, and Pidie Jaya jumped from 17 to 29 percent.
There were also much smaller increases, with e.g. Aceh Jaya increasing from 30 to 34
percent, Banda Aceh from 77 to 81 percent, and Nagan Raya from 41 to 44 percent. No

such transformative effects were detectable in the years prior to the Tsunami. No such
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comparable effects were detected in any of the two counterfactual groups.
Commensurately, with every one-percentage growth in GDP per capita in the stricken
districts, the economy moved further out of the agricultural sector to the tune of almost
0.08 percentage points per percentage increase in GDP (as shown in table 3.2). The rest
of Sumatra also displayed a similar declining trend in the agricultural sector, however it
was about half as sizeable and not as accurately estimated (as indicated by it being
significant only at the 10 percent level). The secondary sector analysis remains

inconclusive.
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Table 3.1: Service sector share panel data OLS regressions, 2000 - 2012
DV: Tertiary VA share (% of GDP)

Tsunami stricken districts Not Tsunami stricken districts Rest of Sumatra
2000-04 2005-12 2000-04 2005-12 2000-04 2005-12
Log GDP per capita -0.46 9.68 *** -3.40 *** -1.68 -1.38  *** 2.27
(0.45) (3.66) (1.29) (2.44) (0.49) (2.14)
FE (district & time) Yes Yes Yes Yes Yes Yes
R squared 0.99 0.96 0.99 0.98 0.99 0.99
Obs 60 96 185 296 380 608

Table 3.2: Agricultural share panel data OLS regressions, 2000 - 2012
DV: Agricultural VA share (% of GDP)

Tsunami stricken districts Not Tsunami stricken districts Rest of Sumatra
2000-04 2005-12 2000-04 2005-12 2000-04 2005-12
Log GDP per capita 0.01 -7.66  *** -2.78 438 * 1.20 * -4.07 *
(0.43) (2.50) (2.43) (2.58) (0.42) (2.25)
FE (district & time) Yes Yes Yes Yes Yes Yes
R squared 0.99 0.98 0.99 0.99 0.99 0.99
Obs 60 60 185 296 380 608

Table 3.3: Secondary sector share panel data OLS regressions, 2000 - 2012
DV: Secondary VA share (% of GDP)

Tsunami stricken districts Not Tsunami stricken districts Rest of Sumatra
2000-04 2005-12 2000-04 2005-12 2000-04 2005-12
Log GDP per capita 0.43 -1.32 23.32 ** -6.92 0.55 -4.71  **
(0.35) (1.68) (11.31) (5.49) (0.74) (1.94)
FE (district & time)
R squared 0.99 0.94 0.99 0.81 0.98 0.98
Obs 60 96 185 296 380 608

Notes: Robust standard errors are in parentheses. *, **, *** mean significance at the ten, five, and one percent level, respectively
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To complement the valued-added analysis, performing an employment share analysis is
required. Similarly to the sectoral share analysis, looking at the employment shares also
shows that the Tsunami stricken districts move more rapidly out of the primary sector,
and also more rapidly into the tertiary sector. Labour followed the tertiary sector, and
exited the primary sector as shown by steeper blue lines, compared to the red and green
lines in both panels in figure 3.9. This shows that the affected districts are shedding jobs
in agriculture and creating jobs in services, at faster rates compared to their
counterfactuals. However, what cannot be established is how the elasticity between
economic activity and economic composition looked like before the Tsunami struck due

to the unavailability of district level sectoral employment data before 2007.40

Figure 3.9: Employment share in the Agriculture and Service Sector
Panel A: Agriculture Panel B: Services
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3.4.2 Reconstruction & investment bonanza

The Tsunami struck at the end of 2004 and caused a precipitous hike in capital

formation rates in 2005 and 2006 (see figure 3.10). An investment bonanza followed
the Tsunami destruction in an effort to rebuild the destroyed capital of the province.
Gross domestic investment (capital formation) substantially increased relative to the

non-flooded counterfactual, as shown by comparing the solid line (representing the

40 Using provincial level sector data, I find that the share of persons employed in agriculture in Aceh
decreased from about 54 percent just before the floods struck to about 45 percent in the years past 2009.
The freed up labour was absorbed mostly by the public sector, but also by the secondary and tertiary
sector.
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‘treated’ region) with the dashed line (representing the counterfactual, which is
assuming the Tsunami has not happened). The wedge between the two lines represents

the total extra investment per capita in Aceh in the years following the Tsunami.1

Figure 3.10: Capital formation per capita (in current USD) trends in Aceh versus
synthetic Aceh
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Overall, investments were causally doubled in the immediate reconstruction years,
peaking at a value of about USD 200 per person in 2006, compared to USD 100 for the
counterfactual (USD 110 per person in 2006 compared to USD 50 for the counterfactual,

41 The size of the capital formation increases is likely to be an underestimation. Many reconstruction
activities (e.g. the Jackie Chan villages) are off-budget and therefore not recorded in the regional accounts
because they are not considered by the system of national accounts methodology also used by regional
accounting offices. This underestimation however does not put in question the results, if anything, if there
was a way to incorporate a measure of these untraced investments, it would result in an intensification of
the Tsunami’s effect on investments, leading to an even larger sized effect.
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using the deflated numbers, which are reported in figure A3.1 in the Appendix).42 After
this peak, the gap between the flooded and the counterfactual groups continued to
narrow to an extra investment of USD 20 (measured in constant USD) in the last year for

which there is data available.

So were there long-term effects on capital formation? Investment levels remained high,
higher than the counterfactuals’, even after the reconstruction was finished. However,
there was a drop in capital formation rates in 2007 and seemingly a convergence to the
counterfactual investment scenario post 2008. Whether this convergence ultimately
lead to say an intersection cannot be answered in the absence of more recent data.
Unfortunately, capital formation data is only available up until 2010; therefore whether
the treated and the synthetic trajectory ultimately continued to converge can only be

conjectured.*3 On average, the annual extra investment per person was roughly USD 40.

Computing the p-values for each period after the Tsunami shows that only the short-
term (the two years following the disaster) effects are larger than placebo province’s
effects. The subsequent years have too high p-values, indicating that the effect may not
be significantly different from zero beyond the short-term, as there are enough placebo
provinces that showed similar effects to cast doubt on the rarity of the observed effects
for Aceh. The affinity between the treated and the synthetic control unit is shown in
table A3.7 of the Appendix. Table A3.8 in the Appendix displays the weights of each

district in the counterfactual pool.

For the entire region of Aceh, investments rose by a factor of three from 2004 to 2006,
from roughly USD 300 Million in 2004 to USD 800 Million in 2006 (see figure A3.2 in the
Appendix), surpassing the counterfactual by almost twofold. Measuring the figure’s
wedge area, by taking the integral, yields an estimate that closely resembles the total
amounts of aid allocated for reconstruction, adding confidence in the quality of the

capital formation measure.

42 Due to the unprecedentedly high inflation rates after the Tsunami, it is ever more important to deflate
the GDP subcomponent figures so they are comparable across time. Unfortunately, the deflators available
only date back to as early as 2000, shortening the pre-treatment time series substantially.

43 An extension with more recent data is most certainly an immediate next step, once the data becomes
available.
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Spending on infrastructure increased during the decentralization wave in the early
2000s in Aceh (see also World Bank, 2009b), which is also visible in figure 3.11. It
reached a preliminary peak in 2002 when the Acehnese regional government received a
windfall of funding from the oil share agreement of the same year. Just as the oil
revenue agreement came into effect in 2002, resources in the ground started to

plummet precipitously, leading a reverting back of the investments in 2003 and 2004.

What was built back? During the reconstruction and investment bonanza, around
140,000 new houses were built, 1700 schools, 1000 government buildings, 36 airports
and seaports and 3700 km of roads (at a price tag of USD 12 Billion) by 2008 (BRR,
2009) and 273 bridges (World Bank, 2009b) by 2007. Data availability on rebuilt
infrastructure varies across the different examples of rebuilt infrastructure. The years
plotted in this section were chosen mainly based on the availability of data. After the
reconstruction was completed, Aceh had almost 1500 more schools than before (an
increase of about one-fourth) and almost twice as many hospitals than before the

Tsunami; from less than 30 to almost 60 in Aceh (see figure 3.11).44

Figure 3.11: Number of schools and hospitals in Aceh before and after the
Tsunami
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Roads are now longer than they were before the Tsunami struck (see figure 3.12). While

before the Tsunami, the length of all asphalted roads in Aceh added up to 1300km, the

44 Even though the number of hospitals was growing, the numbers of polyclinics in the province
decreased steadily. Health clinics, so-called puskesmas on the other hand were shrinking.
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Tsunami wiped out about 400km thereof. By 2007, the length even reached 1400 km.
The extra roads were built to reach formerly isolated areas (Gelling, 2009).4> Travelling
times have reduced by more than half when travelling between Banda Aceh and Calang
on the West Coast of Aceh on an USAID financed highway, which in turn should boost

economic productivity over the long haul.

Figure 3.12: Length of asphalted roads before and after the Tsunami in Aceh
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Note: There was no data before 2003, which would have allowed looking at how the growth in roads was
evolving before.

Physical capital was built back better. Hospitals, schools, roads, and other infrastructure
was not only built back, but also built back better. The rebuilt houses for example have
improved standards, and consist mostly of cement, which was formerly dedicated only
for richer houses and mosques (Steinberg & Schmidt 2009). The roads that were rebuilt
are also of better quality, as they were built with better asphalt, they are wider and are
further away from the coastline (Jha, 2010). Granted however, not all construction was
productivity enhancing. Some of the reconstruction was obsolete and now stands empty

(Lamb, 2014).46

45 http: //www.nytimes.com/2009/12 /26 /world/asia/26iht-

tsunami.html? r=0&adxnnl=1&pagewanted=all&adxnnlx=1432659918-UW2rHcz3+9R0]JkRBpw/as

46 http: //www.theguardian.com/cities /2014 /jan/27 /banda-aceh-community-spirit-peace-indonesia-

tsunami
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The construction sector spree also had important spillover effects to other sectors.
Many materials supplied for the reconstruction efforts, including sand, gravel, bricks
and wood were locally sourced in Aceh (Pribadi et al, 2014). Most of Aceh’s imported
reconstruction materials came from North Sumatra (Pribadi et al, 2014), which
constitutes a positive demand spillover. Other material was imported from further
away, such as bricks from Jakarta, cement from West Sumatra, roof tiles from East Java,

and metal frames from Australia (Pribadi et al, 2014).

In sum, the reconstruction of destroyed capital, i.e. investment, drove growth after the
natural disaster confirming also the main storyline of the seminal Skidmore and Toya
(2002) paper. The reconstruction sector was therefore (at least partly) responsible for
boosting economic growth beyond its counterfactual growth path. Because capital was
built back better it allowed for higher productivity, and contributed to maintaining a
sustainably higher per capita output path even once the reconstruction was finished (as

shown in chapter 2).

3.4.3 Aggregate Private consumption was smoothed

Despite what has been suggested in the development economics and natural disaster
economics literature, in Aceh, the Tsunami did not result in a collapse of aggregate
consumption. To the contrary, the affected region did not only manage to smoothen
consumption to levels similar to the counterfactual, but also reach a higher

consumption path (see figure 3.13).

Private consumption experienced a strong boost in the post disaster recovery phase
and, from 2006 onwards, reached a growth path which was higher, yet parallel to the

counterfactual’s path.#” This mirrors the higher long-term per capita GDP output path

47 There is an indication that private consumption dropped relative to the counterfactual in the two years
after 2006, up until 2008, at which point it picked up again to a level parallel yet much higher than the
one of the counterfactual. It is not clear why this drop occurred, and many reasons could be responsible
for it such as the running out of the aid funds and a delayed transition into an economy with upgraded
capital, or the donor community switching to loans rather than grants. An analysis of household micro
data could shed light onto this and could be a promising area for future research.
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finding of chapter 2 (as opposed to a continuously increasing per capita growth rate).
After an initial adjustment period, the consumption no longer displays higher annual
growth rates (which would require the trend to be monotonically increasing compared

to the counterfactual), but rather maintain a higher long-term consumption path.

Figure 3.13: Private consumption per capita (current USD) trends in Aceh versus
synthetic Aceh
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Inflation skyrocketed after the Tsunami; reaching at the highest point 41.5 percent in
December of 2005 (World Bank, 2007b). This surge resulted in an inflation rate that
was more than three times larger than the Indonesian average. The high price rises
were in part caused by high food and transportation costs associated with destroyed
roads and higher transportation costs, and by higher demand and an initially limited
supply in particular related to reconstruction material. Inflation levels continued to
decrease after the peak, to about six percent in 2007, a level that was still far larger than
the country’s average however. By 2008, inflation was roughly equal to the country’s
average. Due to this high inflation during the reconstruction period, it is crucial to

deflate the prices so they are comparable over time.

The Acehnese consumption path was quite stable in the early 2000s, changing very little

and averaging about USD 180 per person, as figure 3.14, which plots constant USD,
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suggests. While average private consumption before the Tsunami struck was about the
same for both Aceh and its counterfactual, it increased to an average of USD 240 in the
treated region in the years thereafter, indicating that the private consumption was
causally increased by USD 60 (or by 25 percent). These results suggest that not only
was a smoothing of consumption achieved, consumption was even boosted, probably
owing to the large influx of foreign aid, the fiscal stimulus and the reconstruction efforts,

despite the inflationary pressure triggered in part by the inpouring of aid.

Figure 3.14: Private consumption per capita (constant USD) trends in Aceh versus
synthetic Aceh
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Despite both consumption graphs (figure 3.13 and figure 3.14) indicating higher
consumption per capita rates of the treated province, in contrast to the counterfactual,
looking at the p-values does not allow to conclude that the increase consumption in the
long-term is a consequence of the Tsunami. As with the investment rates, only the
immediate years after the Tsunami show that the effect is much larger compared to
placebo provinces. From three years post-Tsunami onwards, there are enough placebo-

provinces with similar effects to conclude that long-term effects on consumption may
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not hold true. The affinity between the treated and the synthetic control unit is shown
in table A3.9 of the Appendix. Table A3.10 in the Appendix displays the weights of each

district in the counterfactual pool.

3.5 Other reasons why the Tsunami may have been “creative” in its

destruction

3.5.1 Survival of the economically fittest?

Can compositional changes in the population explain the creative destruction result?
Could it be that the economic activity was boosted (not only in district terms but also in
per capita terms) because the people that were killed were less productive than those

that survived?

Even though the Tsunami was arbitrary, its impact on the population was not. “Natural
disasters do not affect people equally,” as noted by Neumayer and Pluemper (2007, p.
1), which prompts a careful look into the composition of casualties. GDP per capita
could have been (partially) boosted by a compositional change in the kind of people
engaging in economic activities. If the economically more productive people survived,
an increase in aggregate per capita income could have not only been due to better
average economic performance but also an artefact of a compositional change in the
population. In other words, if the lower end of the income distribution had died in 2004,
the average per capita income of 2005 would automatically have been higher, ceteris

paribus.

Physical strength played a role in survival. Children, older adults and females were
more likely to die in the waves of the Tsunami, as shown by longitudinal population-
based surveys (Frankenberg et al, 2011 and Doocy et al, 2007). On the other hand, there
was no difference in survival rates across socio-economic factors (Frankenberg et al,
2011). Assets and income made no difference in mortality rates. Regardless whether the
household was poor, middle-class or rich, all experienced similar death and damage

impacts (Frankenberg et al, 2009). The fact that people from all strata of society were
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equally likely to die does not indicate a survival of the economically fittest across

different sectors.

However, the fact that physically stronger persons survived in an economy that is still
specialized in manual labour (in 2012 about 45 percent of the labour force still worked
in agriculture, fisheries, manufacturing and construction), could indicate that within a
sector the more productive population segment was more likely to survive. Younger
and older persons were more likely to be killed. Moreover, higher levels of education
made more resilient (but only amongst males) (Frankenberg et al, 2013). For females,
education made no difference in survival. Frankenberg et al (2013) shows that educated
males were not only in better physical health, but also able to smoothen consumption
better over the five years following the Tsunami, a possible indication that they could be

more “economically fit.”48

The likely direction of this survival bias is that it overestimates the estimated creative
destruction effect, and that without it the creative destruction effect would be smaller.
How large this compositional effect is, and how much of the creative destruction effect
can be explained by the survival bias is hard to quantify. Without being able to say much
about the relative size of both effects, I can infer that the survival bias is not large
enough to cancel out creative destruction effects, by observing not only creative

destruction examining GDP/capita but also GDP data.*?

3.5.2 Migration

Migration is a key strategy adopted by the survivors of a disaster (Hugo, 2008). One can
identify two separate waves of migration that are caused by the Tsunami and could
potentially confound the district level analysis, which to recap, concluded building back
better (BBB) and creative destruction. On the one hand, internal displacement, where

people escape from the hazard and its repercussions and move away from the affected

48 An initial inkling of looking at the labour productivity figures to find answers, would however be futile,
because the productivity measures could have also been affected by aid and extension work.

49 To further shed light on this question, it would be helpful to conduct the analysis using GDP/persons in
the labor force, as opposed to GDP/population. This will be an interesting avenue for promising follow-up
research in the future.
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district. On the other hand, people also move towards the hazardous area and
participate in labour migration to the stricken districts because of all the job
opportunities created there in the wake of reconstruction. Both demographic shifts

would call into question the Stable Unit Treatment Value Assumption (SUTVA).

Internal displacement may pose a bias. The income results presented are in per capita
terms, which in principle should account for economic activity per resident of the
district in question. One may argue however that internally displaced migrants are not
accounted for in the recipient district, because they are not formally registered where
they fled to, which means that they still are accounted for in the district they originate
from which was struck by the Tsunami. This would however not put in question or
attenuate the creative destruction result; to the contrary, it would strengthen it. It
would underestimate the positive effect of the Tsunami in the affected districts, because
it would artificially inflate the denominator of GDP/pop with residents who no longer

live there, biasing the overall per capita income statistic downwards.

There is little reason to believe in such an underestimation due to internally displaced
people however, because most of the 66,893 displaced households from the Tsunami
moved to different villages within their districts (World Bank, 2007¢).5° About two-
thirds of them were sheltered by their family and friends (World Bank, 2008c)>! and the
rest relocated first to shelters, tents and public buildings and later to communal
temporary housing, most of which were located in the same district. The districts of
Pidie, Bireuen and Aceh Besar, all of which flooded, report the largest numbers of
Internally Displaced Persons (IDPs) from the Tsunami. By September 2005, only five
percent of Aceh’s population was still considered internally displaced (see Nazara, and
Resosudarmo, 2007). According to another source, by 2006 more than 85 percent of the
IDPs returned already to their villages (World Bank, 2007c).

Many survivors moved back to their flooded homes. Although the Indonesian
government initially implemented a building ban, preventing survivors to build-back in

particularly vulnerable low-lying coastal plains such as e.g. in Lambung, in an attempt

50 Estimates of the scale of the triggered population movement vary from 350,000 to 550,000 Indonesians
that fled/left their homes (USAID 2005; Robinson 2006; KDP 2007)

51 http://iussp2009.princeton.edu/papers/90318 claim that most of them stayed in a camp for the
displaced.
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to shift rebuilding activities further inland, they rescinded that ban as a response to the
strong desire of people to move back (Aquilino, 2011). As a compromise, they built
escape buildings into the landscape allowing residents to flee vertically. Banda Aceh has
15 of these buildings for example (Vale, et al, 2014). While the merit of repopulating
coastal plains is controversially discussed, and potentially lethal, particularly in light of
gradual onset climate change and the chaos and havoc that ensued in a “mock exercise”
where a magnitude 8.6 earthquake struck in 2012, but eventually did not cause another
Tsunami, it is good for the SUTVA assumption of the natural experiment presented in

this paper.

Those that moved away from their original villages moved in large parts to areas within
the affected districts. An example is likely the best known housing construction efforts
the Indonesia-China Friendship Village, or more commonly known as “Jackie Chan
Village,” after the Hong Kong based actor who mobilized and funded its construction. It
is a village built from scratch based on risk adversity standards far from the reach of any
future Tsunami wave 300 meters above the sea and 1.5 km inland. The displaced
homeowners who decided to locate to this resettlement home, moved essentially within
their districts, and therefore do not violate the SUTVA assumption. Additionally
conducive for a SUTVA assumption is that many people have since moved back from
temporary or permanent villages such as the Jackie Chan village back to coastal

communities over time.

If anything, location to resettlement houses/villages like the Jacki Chan village should
reduce economic productivity because it is not chosen based on livelihood and
economic productivity considerations, but on risk prevention. Many residents of the
remote village face quite substantial transportation costs in getting to where their
livelihoods are, particularly the fishermen amongst them (Vale et al, 2014). This would
not cast doubt on the creative destruction finding, rather it would intensify the creative

destruction finding.

Labour migration. Looking at provincial level population figures shows that Aceh lost
about one percent of its population, which almost exclusively is accounted for by the

direct casualties the disaster caused. There was virtually no net outward migration (out
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of the Aceh province).>2 There was however substantial inward migration. The
population of Aceh for example grew by roughly five percent in the three years after
2005, which is far above the replacement rate- and even the fertility rate of the region.
This is a strong indication that there was substantial inward migration for re-building

efforts.

Most of the labour migrants however come from the neighbouring province of North
Sumatra. Performing the quasi-experimental analysis with North Sumatra also, took
care of this labour migration bias. The robustness analysis of chapter 2 including also
North Sumatra as treated area shows creative destruction also, which indicates that if
there is a bias due to migration, it is not to the extent that the creative destruction is
cancelled out. Furthermore, reproducing the synthetic control method analysis of
capital formation, with both Aceh and North Sumatra as the treated districts, also
confirms the creative destruction finding (see figure 3.15). Furthermore, the creative
destruction growth path is sustainable for the non-island districts, indicating that even
if there was population interference between treatment and counterfactual districts and
provinces, they would have resulted in a break in time trend in 2008/09, indicating
convergence, whenever the majority of reconstruction efforts were terminated. Because
there was no such convergence indicating time trend, as we saw in chapter 2, and also
figure 3.15, the potential biasing effects of labour migration can be dismissed as

marginal at best.

52 Of course one cannot preclude the possibility of replacement, in that a segment of the population leaves
and another one moves in, but that remains essentially unverifiable unless through field interviews.
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Figure 3.15: Capital formation trends in Aceh & North Sumatra versus synthetic
Aceh & North Sumatra
Panel A: Per capita capital formation Panel B: Capital formation
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3.5.3 Former volunteer work now priced in the market

Volunteer labour is a crucial part of village life in Aceh, where many public services such
as trash pick-up, road sweeping, repair of public infrastructure among other services is
part of a moral obligation and performed several times a month (see Freire, Henderson
and Kuncoro, 2011). This public service is not remunerated. The volunteer labour
system has its roots in Islamic tradition, and dates back to the ancient sultanates and is

referred to as “gotong royong.”

In a 2014 Guardian article it was alleged that the cash-for-work programmes employed
by the donor community to support certain reconstruction programs crowded out
communal spirit and undermined the concept of “gotong royong” and made people
reluctant to help their neighbours unless they received cash in return (Lamb, 2014).53
Crowding out of altruistic motives through price incentives is a topic that has received
considerable attention in behavioural economics and microeconomics (see e.g. Frey and
Oberholzer-Gee, 1997). This claim essentially asserts that after the Tsunami, people
only would do community help if they were also compensated for it. By essentially
formalizing this informality that was formerly not priced in the market, GDP could

therefore also have been boosted, biasing the before and after comparison.

53 http://www.theguardian.com/cities /2014 /jan/27 /banda-aceh-community-spirit-peace-indonesia-
tsunami
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However, looking at boat aid, Freire, Henderson and Kuncoro (2011) find the opposite
to crowding out. Looking at the effects of receiving boat aid on the amount of volunteer
days put in by the family by applying panel regression methods they find that it affects
the amount of volunteer days positively, meaning that the more aid people received the
more likely they were willing to give back and work for the community. In a previous
cross-village analysis, they found no effect between aid and days volunteered. Granted
boat aid is not cash-for-work aid, but there is no evidence to my knowledge
investigating crowing-out effects of these programs in Aceh. There is therefore not
enough evidence to either substantiate or dismiss the possibility that pricing volunteer

work has artificially boosted GDP.

3.6 Conclusion

[ investigated three potential causal mechanisms for why the Tsunami was “creative”
for Aceh in detail, and find that they jointly contributed to the creative destruction
finding of chapter 2. First, the Tsunami caused an unprecedented investment bonanza in
the effort to reconstruct destroyed physical capital. Second, aggregate private
consumption, against all predictions, did not contract. Private consumption was in fact
not only smoothed, but also boosted, due in parts to the many cash programs initiated
by the donor community. Third, structural transformation, the reshuffling of economic
activity from lower-productivity sectors to higher productivity sectors, was accelerated
as a reaction to the Tsunami. Jointly these three factors were in parts responsible for
allowing Aceh’s economy to buoy the floods and stay above a no-Tsunami
counterfactual output path, even in the face of sharply declining tradable exports and
decreasing competitiveness of the manufacturing sector, and in the face of increased

unemployment rates.

The Tsunami triggered an acceleration of structural transformation, causing a speeding
up of the movement out of agriculture and into the service sector making Aceh’s
economy more productive and growth promoting in its path. Evidentially, aid had a big
hand in catalysing these changes, which is also discussed in detail in the second chapter
of my PhD thesis. Investigating the varying effect the Tsunami had on the different

sectors, I find that the service sector (telecommunications, transport, restaurants and
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hotels inter alia) and the construction sector flourished in the years after the Tsunami.
In contrast, agriculture and manufacturing were stunted. The Tsunami seems to have
permanently hurt the manufacturing sector in Aceh, yet due to the small scale of this
sector, its reduction in productivity was not severe enough to counterbalance the

creative destruction drivers (investment and private consumption).

Other explanations for why the Tsunami might have spurred economic growth in Aceh
such as the survival of the economically fittest, inward migration of productive labour,
or pricing-out of former volunteer work are also discussed. No evidence was found that
these alternative explanations can explain a significant part of the creative destruction

effect that was caused by the Tsunami.
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