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Introduction  

 

 

 

 

 

1.1 Motivation  

Recent large natural events have spurred to investigate the socio-economic 

impacts of natural disasters (Cavallo and Noy 2011). Research on this topic is still 

in its infancy, although the statistics show that the impacts of natural disasters 

are large. Over the period 1994–2013, according to the EM-DAT database, there 

were 6,873 natural disasters that killed a total of 1.35 million people (on average 

almost 68,000 deaths per year), and also affected an average of 218 million people 

every year, with total losses of US$ 2,600 billion (CRED 2015).1 Natural disasters 

have also been identified in the World Development Report 2014 as one of the 

systemic risks that may negatively affect vulnerable people, communities and 

countries, especially in developing countries (World Bank 2013).  

                                                             
1 The Centre for Research on the Epidemiology of Disasters (CRED) has maintained an 
Emergency Events Database (EM-DAT) since 1988. This database is argued to be the 
most comprehensive disaster database available worldwide. An event must meet at least 
one of the following criteria in order to be recorded as a natural disaster in EM-DAT: ten 
or more people reported killed, 100 or more people reported affected, and declaration of 
a state of emergency or call for international assistance. Note also that information on the 
economic damage caused by natural disasters is only available for 36% of disasters 
reported from 1994 to 2013.  
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This thesis focusses on Indonesia, a developing country that lies at the 

confluence of three tectonic plates and has more than 128 active volcanoes. Based 

on the EM-DAT database, Indonesia was also one of the ten most disaster-

affected countries during the period 1994–2013 (CRED 2015). Indonesia 

represents developing countries that have a high risk from natural hazards and 

high population densities in disaster-prone regions. This country is also a good 

‘laboratory’ for investigating the impacts of natural disasters on economic 

activity across space or other economic entities like firms and households. 

According to the Indonesian Disaster Data and Information/National 

Disaster Management Authority (BNPB), almost all of the provinces in Indonesia 

have experienced natural disasters. Northern Sumatra, Java, East Nusa Tenggara 

and Southern Sulawesi are the four most disaster-affected areas, in terms of the 

number of deaths and the number of heavily damaged houses. The most affected 

area is Java that has long been known as the most populous and densely 

populated island in the Indonesian archipelago (see Peper 1970; Nitisastro 1971; 

White 1973; Wood 2008), and in the modern era Java is also known as the world’s 

most populous island and one of the most densely populated places on the globe. 

Some catastrophic shocks in Indonesia are widely known. The Indian 

Ocean tsunami in 2004 is one of the megadisasters in the last decades that killed 

around 230,000 people in several countries and destroyed much of Indonesia’s 

Aceh province (see CRED 2015).2 This disaster was followed by the Nias 

earthquake early 2005. It is argued that this twin disaster resulted in the largest 

humanitarian programmes in history (see Jayasuriya and McCawley 2010; 

Masyrafah and McKeon 2008; Zeccola 2011; Athukorala 2012). This tsunami was 

also the catalyst for ending 30 years of military conflict between the Free Aceh 

Movement (Gerakan Aceh Merdeka [GAM]) and the Indonesian government 

                                                             
2 CRED defines a megadisaster as an event that kills more than 100,000 people. Other 
megadisasters during the period 1994–2013 are the Cyclone Nargis in Myanmar in 2008 
that killed 138,000 people and the Haiti earthquake in 2010 that killed 222,600 people.  
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(Nazara and Resosudarmo 2007; Le Billon and Waizenegger 2007; Athukorala 

2012).  

An equally impressive event in Indonesia in the more distant past was the 

Krakatau eruption in 1883. It is the first widely known major volcanic eruption in 

the 19th century and killed more than 30,000 people (Simkin and Fiske 1984). 

Another earthquake shocked the Central Java area in 2006. It killed more than 

5,700 people and damaged thousands of houses (Bappenas 2006; Resosudarmo et 

al. 2012). In 2010 the Merapi volcano erupted, and this eruption has been argued 

to be the largest eruption in more than a century (Subandriyo 2011; Surono et al. 

2012). Four districts were affected by this eruption that killed 386 people.  

 

1.2 Theoretical Background  

Shocks like large natural disasters may have strong impacts on the spatial 

distribution of economic activity. But cities which have locational advantages 

may well recover quickly, and then keep their rank in the size-distribution of 

cities (Vale and Campanella 2005). The importance of such initial conditions 

should decrease in situations where there is not a large and significant shock, but 

their effect may persist, since first-nature advantages (such as access to the sea or 

rivers, or an abundance of natural resources) can create second-nature 

advantages (such as the interaction between economic agents). 

Davis and Weinstein (2002) developed an empirical method in order to 

answer one of the central questions in economic geography: how to explain the 

distribution of economic activity across space (countries, regions, and cities). In 

their study, they focussed on the impact of the bombing of Hiroshima and 

Nagasaki at the end of the World War II (WWII) on the city-size distribution in 

Japan. They evaluated three theoretical strands (increasing returns, random 

growth, and locational fundamentals) using a unique data set on the Japanese 

regional population. All three theories predict a stable city size distribution in 

equilibrium, but they yield different reactions to shocks (Bosker et al. 2008). 

According to increasing returns theory, a large shock potentially transforms the 
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city-size distribution. Random growth theory predicts that shocks can have 

permanent effects on city sizes, and on the relative position of cities within the 

distribution. Locational fundamentals theory argues that a large shock will have 

only a temporary impact on the relative city-size distribution. Davis and 

Weinstein (2002) find that the effect of the WWII bombing of Japan on the city-

size distribution was only temporary, reflecting the persistent advantages of 

particular locations (see also Brakman et al. [2004] on Germany; Miguel and 

Roland [2011] on Vietnam).  

It should be noted that the bombing of Japan, Germany and Vietnam were 

‘large shocks’, but they were not natural shocks since they were not caused by 

natural events like earthquakes or tsunamis. Furthermore, it is also important to 

add to recent empirical studies of developing countries (see Anderson and Ge 

2005; Chen et al. 2013; Kwok Tong So 2007 and 2014). Therefore, conducting 

empirical studies on the impact of large natural shocks on the spatial distribution 

of economic activities in developing countries will contribute to the literature, 

especially by focusing on specific large natural disasters and their impacts at the 

lower administrative level of regional units of observation (see Giesen and 

Suedekum 2011; Gonzáles-Val and Sanso-Navarro 2010; Berry and Okulicz-

Kozaryn 2011). 

Another empirical question with regard to large shocks concerns their 

impact on output growth at the aggregate level. Natural shocks can foster  the 

Schumpeterian process of ‘creative destruction’. Skidmore and Toya (2002) and 

Kim (2010) find that countries that were subjected to natural disasters showed 

faster subsequent economic growth. Cavallo et al. (2013) do not find any 

significant long-run effect of disaster. Cueresma et al. (2008) conclude that 

creative destruction dynamics most likely occurs in developed countries since 

these countries are able to absorb new knowledge for their technological 

upgrading. These contrasting findings indicate that the growth impact of natural 

disasters is still a challenging field to be explored, especially at the sectoral level 

of the economy in a developing country, as the impact of disasters may differ 
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substantially across different sectors (see Loayza et al. 2012; Mehregan et al. 2012; 

Barone and Moretty 2014).  

Furthermore, according to Chibber and Laajay (2008) and Loayza et al. 

(2012), growth theory about the impact of natural disasters does not provide clear 

predictions, especially on the long-run impacts (see also Cavallo and Noy 2011; 

Klomp and Valckx 2014; Lazzaroni and Van Bergeijk 2014). For instance, 

according to the neoclassical growth model, per capita output is a function of the 

per capita capital stock. A natural shock may affect the capital stock, the 

population growth rate, or both. This will then affect the composition of factors 

of production that will be reflected in the level of productivity.  

Theoretically, according to Chibber and Laajay (2008), there are at least 

four possible impacts of disasters on economic growth. First, disasters may have 

a temporary negative impact, but then post-disaster growth will return back to 

the same level of pre-disaster growth. Second, post-disaster growth can be 

temporarily higher than pre-disaster growth due to massive temporary flows of 

external assistance, but it then returns back to its normal growth path. Third, a 

natural disaster may have a permanent impact on economic growth: the new 

growth path is established at a lower level of the pre-disaster growth path, since 

the disaster has permanently reduced the stock of capital. Fourth, the new 

growth path is higher than the pre-disaster growth path as a result of the 

replacement of capital with a better technology which supports the 

Schumpeterian notion of creative destruction. 

Schumpeterian creative destruction after natural disasters may also occur 

at the firm level. As a result, cleansing effects will improve aggregate industry 

productivity (see Caballero and Hammour 1994). This is also a natural selection 

process embedded in ‘economic Darwinism’ (see, e.g., Nishimura et al. 2005). 

Specifically, exogenous shocks may force out inefficient firms once their 

performance decreases below ‘the destruction threshold’ (Barlevy 2002). But 

surviving firms will be more productive, and new entrants will enter the market 

with new technology as explained by the vintage models of technological change 
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(cf. Dwyer 1998; see also, De Groot et al. 2004 for the development of a vintage 

model in the context of endogenous theory).  

It is interesting that, in contrast, Barlevy (2002) argues that shocks do not 

always improve allocative efficiency and reduce slack in the economy, but 

instead cause what is known as the ‘sullying effect’. This effect suggests that 

recessions worsen the allocative efficiency, since workers are reallocated into 

their most productive uses more slowly during recessions. Furthermore, it is also 

possible that shocks destroy infant businesses and then scar the economy because 

the shocks prevent new and innovative firms from reaching their full potential. 

This is known as the ‘scarring effect’ (Ouyang 2009). Therefore, the overall 

impact of shocks on the allocation of resources depends on the relative 

magnitude of cleansing, sullying, and scarring effects (see Ouyang 2009).  

 Another important issue is how to help low-income households to manage 

risks and vulnerability related to natural disasters. It is argued that, here, disaster 

microinsurance can play an important role (Cohen and Sebstad 2006; Heydel et 

al. 2009; Morelly et al. 2010; De Bock and Gelade 2012). This insurance provides 

several benefits: reducing vulnerability; improving the possibility of coping with 

risk; protecting living standards and complementing any social security system 

(Heydel et al. 2009). Then, it is necessary to document what are the determinants 

of people’s acceptance of the disaster microinsurance. This is particularly 

important for people living in disaster-prone areas. Some studies show the role of 

locational factors, as well as, of experience of past shocks, on people’s perception 

of exposure to the risk of natural disasters (e.g. Brody et al. 2004; Brody et al. 

2008; Siegrist and Gutscher 2006) that could, in turn, affect participation in 

microinsurance. The expectation is that people who face natural disaster risks 

may already be aware of important strategies like disaster microinsurance. 

Discussions on the possibility to develop disaster microinsurance in Indonesia 

have been triggered by large natural disasters in recent years, but this has still 

hardly been explored (Heydel et al. 2009; World Bank 2011; World Bank and 

GFDRR 2012).  
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1.3 Aim and Structure of the Thesis  

The aim of this study is to document short and long-run socio-economic impacts 

of natural disasters in Indonesia. A graphical representation of the structure of 

the study is presented in Figure 1.1. This figure shows that there are three parts 

in the collection of empirical studies can be divided into three parts.  

 

 
Introduction 

 
 

(Chapter 1) 
 

          
  Empirical Studies   
    

  
1 

Population Dynamics 
2 

Sectoral Dynamics   
  (Chapter 2 & 3) (Chapter 4 & 5)   
    

  
3 

Household's Response   
  (Chapter 6)   
          

  
 

Conclusion 
 

 
(Chapter 7) 

  

Figure 1.1 Structure of the Thesis  

The first part of the empirical studies focusses on the impact of natural disasters 

on the population dynamics. It consists of two chapters. Following Davis and 

Weinstein (2002), the main research question in this part is whether a large 

natural shock permanently affects the spatial distribution of population over the 

affected regions. Chapter 2 discusses the impact of the Krakatau eruption in 

August 1883 on the spatial distribution of population across residencies3 in Java, 

using historical data of the indigenous population at the residency level 

(Boomgaard and Gooszen 1991). Chapter 3 analyses the impact of the Indian 
                                                             
3 During the colonial era, Java was divided into three provinces (West Java, Midden Java, 
Oost Java), and two vorstenlanden. The three provinces were divided again into smaller 
areas or residencies. 
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Ocean tsunami and the Nias earthquake on the spatial distribution of population 

in Northern Sumatra by employing population data at the district level. This 

chapter also considers the effect of the 2005 peace deal between the GAM and the 

Indonesian government.  

The sectoral impact of natural disasters is the focus of the second part of 

the empirical studies. The research question that will be investigated in Chapter 4 

is whether a large natural shock has a growth impact on the local economy at the 

aggregate level. This chapter discusses the economic growth impact of the 

Yogyakarta earthquake in 2006 across the districts of Central Java and 

Yogyakarta. Besides the heterogeneous response of economic sectors to the 

earthquake, this chapter also discusses the spatial economic spillover from the 

affected districts to the non-affected districts and the overall implication of the 

earthquake on the relative position of the local economy of the affected districts. 

Chapter 5 also uses the Yogyakarta earthquake in 2006 as the main 

exogenous shock. This chapter focusses on firm survival using data on medium-

sized and large manufacturing firms in Yogyakarta province collected by the 

Indonesian Statistical Agency (BPS). It is already known that the sectors most 

affected by this earthquake were households and private companies. But, the 

impact on firms is still rarely studied, except by Resosudarmo et al. (2012), who 

focussed on the determinants of the recovery of small and medium enterprises 

and, in particular, the role of aid in the recovery process.  

The last part of the empirical studies focusses on the household’s response 

to a specific natural disaster risk, that is the disaster risk caused by the eruptions 

of the Merapi volcano, an active volcano in Java. These farmers tend to continue 

to live in the surroundings of this volcano in order to exploit its fertile soil. This 

part is basically concerns a hypothetical disaster microinsurance scheme, since 

such schemes have not yet been developed for people living on the slopes of this 

volcano. Several studies have also used a hypothetical microinsurance approach 

(Akter et al. 2008; Akter et al. 2011; Abbas et al. 2015). Specifically, Chapter 6 uses 

data at the household level, collected by a joint team from the Gadjah Mada 
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University of Indonesia and the Indonesia Project of ANU Canberra around 18 

months after the Merapi eruption in 2010.  

Based on the empirical studies discussed in the five main chapters, 

Chapter 7 summarises the main findings and policy implications of this thesis, 

and also makes suggestions for further research.  
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CHAPTER 2   ─────────────────────  

 

The Krakatoa Eruption in 1883:  

Its Implications for the Spatial Distribution  

of Population in Java4 

 

2.1 Introduction  

Natural disasters may have strong effects on cities in the short run, but in the 

long run the effects are less clear. Although some cities may have been 

permanently destroyed by large shocks, cities which have locational advantages 

may well rebound, and then keep their rank in the distribution of cities. 

Regarding this stability of the urban system, Vale and Campanella (2005) 

conclude that the power of place is apparently the main explanation. This 

remarkable regularity has motivated economists to empirically evaluate this 

evidence for its robustness and to find theoretical explanations. 

In their seminal article, Davis and Weinstein (2002) address a central 

question in economic geography. The question is how to explain the distribution 

of economic activity across space – across countries of the world, across regions 

within a country, and across cities. They evaluated three principal theories: 

increasing returns, random growth, and locational fundamentals, using a unique 

data set on the Japanese regional population (see Davis and Weinstein 2002). 

According to increasing returns theory, the advantages of size may arise from 

knowledge spillovers, labour-market pooling, or the advantages of proximity for 

both supply and demand in a world of costly trade. According to these theories, a 
                                                             
4 This chapter is based on Brata et al. (2013). 
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distribution of city sizes may arise from the technological characteristics of 

individual industries or from tacit competition among locations for mobile 

factors of production. Random growth theory postulates that a distribution of cities 

of quite different sizes emerges from simple stochastic processes. Locational 

fundamentals theory argues that, instead of city growth itself being random, it is 

the fundamental economic characteristics of locations that are randomly 

distributed across space. For instance, being located close to the coast offers 

benefits for cities, as this provides better opportunities for trade.  

Davis and Weinstein (2002) emphasise that these three theories yield a 

quite different reaction in the distribution of cities to large but temporary shocks. 

According to increasing returns theory, a shock has the potential to (radically) 

change the city size distribution. Alternatively, pure random growth theory 

predicts that growth follows a random walk, resulting in permanent effects of 

shocks on city sizes and the relative position of these cities within the 

distribution. Finally, locational fundamentals theory argues that a large shock has 

only a temporary effect on relative city size. According to the latter theory, the 

advantages of particular locations are persistent, and give rise to a relatively 

rapid growth rate on the path to recovery of cities that were hit by a negative 

shock.  

For their study on Japan after WWII, Davis and Weinstein (2002) found 

that the impact of this large shock on the city-size distribution is only temporary, 

which supports the theory of locational fundamentals. Within a period of around 

15−20 years, Japanese cities regained their relative position in the distribution of 

city sizes. A later article shows that the bombing shock also had no permanent 

effect on the spatial distribution of employment in individual manufacturing 

industries (Davis and Weinstein 2008).  

A similar result is found in the case of the WWII bombing of Germany: the 

cities in West Germany recovered rapidly from the impacts of bombing 

(Brakman et al. 2004). However, Bosker et al. (2008) found that the evolution of 

German city-size distribution has been permanently affected by the WWII shock, 
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and this questions the relevance of locational fundamental theory. In general, 

their findings support increasing returns theory. Using the same bombing as a 

large, temporary shock, Bosker et al. (2007) find that multiple equilibria exist in 

German city growth, but this evidence is weaker if spatial interdependencies are 

not included. Another study by Miguel and Roland (2011) use a different 

approach and they did not find strong evidence that the bombing of Vietnam by 

the US had permanent effects on local poverty rates, consumption levels, 

infrastructure, literacy, or population density across provinces and districts in 

Vietnam.  

In this chapter, methodologically we follow Davis and Weinstein (2002), as 

well as Brakman et al. (2004), in assessing the shocks of the Krakatoa eruption in 

1883 in Indonesia. We investigate its impact on the spatial distribution of the 

indigenous population across 17 residencies in Java. The number  of observations 

in this cross-section study is very limited, but this is the only available historical 

data.5 Moreover, this data availability issue becomes more serious at city level.  

With regard to why regional data might be preferred to city data as the unit of 

analysis in studying economic geography, Davis and Weinstein (2002) give two 

important reasons. The first reason is related to the population threshold that is 

involved in the definition of a city. Since population may cross the threshold in 

some locations but not others, the growth of population can show non-

uniformity. The second reason is related the historical aspect in defining or 

classifying a location as a city or not, since the appropriate definition of cities 

changes. Nevertheles, in spite of these reservations, Davis and Weinstein (2002) 

use both city and regional data. There are also related studies, especially on the 

size distribution of cities or regions, with an equally limited number of 

observations. Brakman et al. (2004) and Bosker et al. (2004) use 21–22 

observations for East German cities. The number of observations in Giesen and 

Suedekum (2011) is between 17 and 30. Kwok Tong Soo (2014) uses sub-national 

population data of China, India, and Brazil, while the units of observation in 

Berry and Okulicz-Kozaryn (2011) are the Economic Areas (EAs) in the United 
                                                             
5 See Appendix 2.A for the details of the sources of data. 
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States with populations exceeding 500,000. Ayuda et al. (2010) study the spatial 

concentration of population across the provinces in Spain. 

We expect our chapter to contribute to the field of historical economic 

research. As noted by Gabaix and Ioannides (2004), historical studies have clearly 

opened up new horizons for economic research. Our study is also different from 

earlier studies in various ways. First, in contrast to previous studies, we use a 

natural shock, viz. the Krakatoa eruption in August 1883. The Krakatoa volcano 

is located in the Strait of Sunda, between the Indonesian islands Sumatra and 

Java. Based on historical records from about 250 (± 50) until 1883, the probability 

of an eruption was once in every hundred years.6 The last eruption before 1883 

occurred in the 1680s. The eruption in 1883 was one of the most severe eruptions 

in modern history with a huge impact. Second, Java, as our study area, is known 

as the most populous and densely populated island in the Indonesian 

archipelago (see Peper 1970; Nitisastro 1970; White 1973; Wood 2008), and in the 

modern era it is also the world’s most populous island, and one of the most 

densely-populated places on the globe. Third, since we use historical population 

data of Java during the late colonial era, our period is more historical than the 

previous studies. In addition, during this period, agriculture was still the 

dominant sector in the economy of Java, and mature urbanisation had not yet 

taken place on the island (Boomgaard 1988; Gooszen 1999). Following locational 

fundamental theory as explained in Fujita and Mori (1996) and Krugman (1996), 

it can be interpreted that the first-nature advantages (natural advantages and 

physical landscape) played an important role in determining the spatial 

distribution of economic activities in Java island during the concerned period.   

The remainder of this chapter is organised as follows. Section 2.2 provides 

a brief description of the Krakatoa eruption, and of the economic development of 

Java. In Section 2.3 we discuss the model specification, the estimation results, and 

the sensitivity analysis. Conclusions are given in Section 2.4. 

                                                             
6 This information is taken from The Global Volcano Program of the Smithsonian 
Institute (http://volcano.si.edu/volcano.cfm?vn=262000). Last visit: March 17, 2017. 
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2.2 The Krakatoa Eruption and Economic Development in Java 

2.2.1 The Eruption of Krakatoa in August 1883 

The Krakatoa eruption in August 1883 has been categorised by Siebert et al. 

(2010) in their list of eruptions with a large volcanic explosivity, which is 

measured by the volcanic explosivity index (VEI). In first place is the eruption of 

Tambora (Indonesia) in 1815, followed by the Krakatoa eruption.7 However, the 

Krakatoa eruption has become the first widely known major volcano eruption of 

the 19th century.  

Figure 2.1 shows specific locations that were affected by the tsunamis 

generated by the Krakatoa eruption. Anyer (or Anjer, including Merak) and 

Caringin (or Tyringen) in the residency of Banten, Katimbang in the residency of 

Lampung, and Tangerang in the residency of Batavia were mentioned in official 

reports to have been strongly affected by the eruption of Krakatoa, in particular 

by tsunamis following the eruption. In terms of the number of fatalities, we 

observe that Java was more affected by the eruption than Sumatra (see Table 

2.1).8 On the other hand, the number of destroyed villages in Sumatra was larger 

than in Java. However, it should be noted that South Banten (Pandeglang and 

Lebak Regencies9) remained poorly opened up until well into the 1920s 

(Boomgaard and Gooszen 1991; Gooszen 1999). This may partly explain why 

there was no report on the impact of this eruption in the southern areas of 

Banten.  

   

                                                             
7 There are many studies on the climatic impacts of the Tambora eruption or its historical 
consequences as this eruption made ‘a year without a summer’ (e.g. Oppenheimer 2003; 
Skeen 1981). However, investigating the socio-economic impact of the Tambora eruption 
at the local level of the Sumbawa island is definitely difficult due to lack of historical 
data. In addition, the most recent study on the mid-13th-century ‘mystery eruption’ 
argues that its source was the Samalas volcano on the island of Lombok in Indonesia 
(Lavigne et al. 2013). The magnitude of this eruption was even larger than the Tambora 
and Krakatoa volcanic eruptions. 
8 In the original table in Simkin and Fiske (1984: p. 219), there were, in total, 37 fatalities 
for the Europeans, and 5 of these were in Lampung. 
9 A regency is smaller than a residency. 
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Source: Pararas-Carayannis (2003: p. 203). This figure does not cover Krawang and 
Bengkulu. In our data set, both Krawang as well as Buitenzorg (nowadays called Bogor)  
are part of Batavia residency. 

 
Figure 2.1 The Extent of Maximum Inundation from the Tsunami(s) Generated by the 

                    Krakatoa Eruption 1883   
 
 

In response to the eruption, the colonial government in Batavia (nowadays called 

Jakarta) had quickly and efficiently organised emergency action for Banten 

(Gooszen 1999). However, illness and hunger in the affected area caused more 

deaths. As noted in Reilly (2009), this emergency response was criticised because 

it was more concerned with providing assistance to the white survivors of the 

tragedies rather than with assisting afflicted Indonesian natives. It also seemed 

that the government did not seriously take account of the increased volcanic 

activity of Krakatoa a few days before the actual explosion, despite the fact that 

an increased level of volcanic activity had been reported. An explanation for this, 

according to Reilly (2009), is that this volcano was located a long distance from 
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Batavia where the bulk of the Dutch lived, so it was considered that it was too 

remote to pose a threat to anyone. 

 

Table 2.1 Impact of the Krakatoa Eruption in 1883 

Residency (department) Fatalities Villages 
  European Other Destroyed Damaged 
Sumatra Island:         
- Bengkulu (Krui)   34 2   
- Lampung (Teluk Betung)   2,260 33 5 
- Lampung (Sekampung)   5     
- Lampung (Ketimbang) 1 8,037 46   
- Lampung (Semangka) 1 2,159 23 31 
Java Island:         
- Banten (Serang)   1,933 3 30 
- Banten (Anyer) 27 7,583 10 25 
- Banten (Caringin) 5 12,017 38 12 
- Batavia (city and suburbs)   2   16 
- Batavia (Meester-Cornelis)   8 1 5 
- Batavia (Tangerang)   2,340 9 5 
- Krawang (Kampung Pakis)   2   3 
Total 34 36,380 165 132 
- Sumatra Island 2 12,495 104 36 
- Java Island 32 23,885 61 96 
Source: Simkin and Fiske (1984: p. 219).  

 

The Krakatoa eruption occurred during the colonial era of Indonesia, and our 

study also focuses on the spatial dynamics of population in Java during this 

period. Therefore, it is important to highlight the main economic developments 

on this island during the colonial era covering the period before the Krakatoa 

eruption until the 1920s. The next sub-section provides a brief history of 

developments in Java, in particular with regard to the spatial distribution of its 

population. 
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2.2.2 A Brief History of Economic Development in Colonial Java 

Hugo et al. (1987) mention that colonial writers stressed the positive role of 

Dutch colonial rule on the island of Java to explain its population explosion in the 

19th century. Hugo et al. (1987) also provide three important explanations for this 

view: first, the pax Neerlandica, or the end of internecine wars and the 

establishment of peace that came with Dutch control; second, improvements in 

medical care, most notably smallpox vaccination, and also the introduction of 

elementary sanitation and hygiene; and, third, improvement in living standards 

and nutrition brought about by Dutch agricultural policies. Also, Van Zanden 

(2010) argues that the Dutch colonisers during the 19th century in Java had a 

substantial influence on the social and economic development of the island.  

In the demographic literature, the rapid population growth in Java in the 

19th century has been argued to be unique, since no other Asian or even 

European country has experienced such a rapid population growth over such a 

long period. However, this view is not beyond dispute. Peper (1970) re-examined 

population growth in Java and maintains that ‘the view that there was an 

exceptionally rapid population growth in Java is to an important extent the 

product of an ethnocentric European approach to the history of Java’ (p. 84). This 

ethnocentric approach refers to the view that positively evaluated the presence of 

the Dutch and other Europeans in modernising the island. Alternatively, White 

(1973) stated that the colonial extractive system on Javanese land and the labour 

needed to produce crops for export has forced Javanese families to replace the 

lost labour input by increasing their family size. This ‘demographic investment’ 

was a response to the Culture System. It was important to maintain their 

standards of living and leisure, and this has triggered increased population 

growth on Java. 

The Culture System was a cultivation system in which the peasants in Java 

were forced to allocate part of their working hours to export crops or to devote 

their land to the cultivation of export crops. This system was introduced by Van 

den Bosch in 1830. Basically, it was a cultivation system that aimed at exporting 
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crops such as coffee, sugar, tea and tobacco to the European market. It was also 

supported with a government monopoly of the trade of these agricultural 

commodities. Another development was the creation of modern irrigation 

systems to facilitate agricultural intensification. The initial intention of colonial 

irrigation activities was to support the European sugar cane cultivators.  The 

exploitative interests of the colonial power in sugar were dominant. It appears 

likely that the Culture System has influenced the spatial population distribution 

of the island. Hugo et al. (1987) argued that during the colonial period there was 

a close relationship between areas of high population density and areas where a 

substantial proportion of land was under sugar cultivation. Sugar was only 

grown in areas where soil fertility was high, and which therefore tended to 

support a high population density. 

In the last quarter of the 19th century, the exploitative system was 

followed by a new colonial regime, where private entrepreneurs became the 

main player in Java’s export agriculture, replacing the government’s monopoly 

on trade through a government enterprise, the Nederlandsche Handel-Maatschappij 

(NHM). The opening of the Suez Canal and the resulting stimulation of trade 

between Europe and Asia made the Netherlands East Indies an interesting 

investment area for primary products such as rubber, palm oil, tin, petroleum, 

and other raw materials for industry, as well as for agricultural consumption 

crops (Nitisastro 1970; Huff 2012). 

The transportation infrastructure was developed to support economic 

development, and has had an impact on spatial mobility in Java. During his time 

as Governor-General in the early 1800s, Daendels developed a long-distance post 

road (De Grote Postweg) from West to East Java which opened up most of the 

northern areas. He did not develop this road for economic motives, but for 

military reasons to defend Java against the English, who at that time ruled the sea 

around the archipelago (Nas and Pratiwo 2002). Since 1873, the railway network 

has been further developed in order to support exports of agricultural and other 

primary products to the international markets (Hugo et al. 1987). Therefore, the 
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railway network provides another important transportation infrastructure for 

trade, in addition to the Great Post Road. In this context, the city of Batavia in 

Batavia residency with its port of Tanjung Priok has been important for Asia as 

the gateway of the Dutch East Indies for maritime communication (Huff 2012). 

Batavia became one of the centres of economic activity on this island. 

A later development was that the welfare of the indigenous population 

was given a more prominent position. This was called the Ethical Policy, which 

was officially launched in 1901 as a response to critics within the Netherlands of 

the previous colonial policy, in which the colony was considered mainly as a 

region for making profit (Wingewest), as was clearly visible during the Culture 

System and the period thereafter (Van Zanden 2010). Support for, and 

improvement of, indigenous methods of rice cultivation was an important 

element in the welfare approach (Ertsen 2006; Ravesteijn 2007). Despite the 

formal operation of this new regime, the forced systems persisted in practice, as 

private capital continued to use the old method (see Nitisastro 1970; Van Zanden 

2010). Nitisastro noted that forced cultivation of coffee continued until around 

1920, while compulsory labour was not abolished in Java until 1916.  

With regard to urbanisation, it is remarkable that the rapid population 

growth in Java in the 19th century did not lead to urbanisation. For example, 

Boomgaard (1988) shows that between 1850 and 1890 the proportion of urban 

population in Java decreased from 12.7% to 5.4%. He mentions a combination of 

political, economic, and religious factors to explain this development. He also 

notes that, in an Asian context, India and China also experienced longer or 

shorter periods of economic growth, without concomitant urbanisation.  

Historical data underline the slow process of urbanisation in Java during 

the period 1890 to 1920. After 30 years, the urban population still made up less 

than 10% of the total population, except for the residency of Batavia (Boomgaard 

and Gooszen 1991). In other words, Java did not show urbanisation 

characteristics or mature industrialisation during the first part of our study 

period. This is also confirmed by the fact that there was only a rather slow 
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change in the employment structure. In 1880, the proportion of agricultural 

workers in the total labour force in Java was 76%, in 1905 it was 72%, and in 1930 

it was 65% (Marks 2007). 

Economic development in Java during this colonial era could have affected 

the spatial distribution of population across residencies. Whether the Krakatoa 

eruption in 1883 was followed by migration flows or not, population dynamics 

would also be influenced by these economic developments. It is plausible that 

individuals or families in regions affected by large disasters directly decided to 

move to the nearest regions that were not (highly) affected.  

For Banten, Gooszen (1999) noted that the eruption caused many people to 

become homeless and they left Banten in the early 1880s. Some people went to 

the city of Batavia and its vicinity, and afterwards returned to Banten. It indicates 

that, although Batavia was also affected by the tsunamis, migration from Banten 

would reduce the negative impact of the Krakatoa eruption on its population 

size. However, following the eruption, people moved from Banten to Batavia or 

other locations only temporarily. Furthermore, there has been a long history of 

Bantenese migrating to Lampung in Southern Sumatra. From the 15th to the 17th 

century, the Sultanate of Banten ruled Lampung to control the pepper trade, as 

Lampung was the primary pepper supplier to Banten. This sultanate contributed 

about 40–80% of the pepper that the Dutch East India Company (VOC) collected 

annually in Batavia throughout the 19th century (Ota 2006). Every year, countless 

labourers arrived in southern Sumatra from Banten to pick pepper (Gooszen 

1999). 

The capital city of the Banten Sultanate (Banten Lama) was one of the 

largest cities in South East Asia and the largest city in Indonesia, for two 

centuries until the close of the 17th century (Guillot 1990). Guillot also notes that 

the population of this city after it was captured by the Dutch was only about 

40,000 inhabitants at the end of the 17th century compared with 150,000 in the 

1670s. The Sultanate of Banten was abolished by Governor-General Daendels in 

1802. Furthermore, a new administration was installed at Serang, away from the 
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old capital Banten Lama (Old Banten); and Banten was allowed to go to wrack 

and ruin (Guillot 1990). The intervention of Thomas Stanford Raffles marked the 

end of the Sultanate of Banten in 1813 when he forced the last Sultan of Banten to 

abdicate during the period of the British Interregnum (Guillot 1990; Boontharm 

2003). All these changes affected the population in this coastal area. Quoting 

Raffles (1817), Hugo notes that there was depopulation in part of Priangan, as 

well as the Banten and Ciregon regions caused by the oppression and 

degradation of the local population caused by the Dutch to facilitate the heavy 

burden of the compulsory crop system (Hugo 2006). Migration was one of the 

causes of depopulation. However, figures on migration for the period 1800–1880 

are scarce and not always reliable (Boomgaard and Gooszen 1991).  

On the basis of (not entirely complete) migration data for Java from 1880 

until 1905, Gooszen concludes that Batavia and the Outer Islands were the main 

destinations for migration from Banten. Many of these movements were 

temporary implying substantial return migration (Gooszen 1999). In contrast, 

many movements from Batavia (including Krawang) to Priangan were 

permanent, mainly due to the developments of agricultural estates, such as those 

in the districts of Sukabumi, Cianjur and Bandung. Therefore, the eruption might 

reduce the population in Banten not only because it killed thousands of people in 

this region, but also because of out-migration from Banten to Batavia, although 

this was only a temporary move. For instance, in his article on forced migration 

in Indonesia, Hugo (2006), quoting Furneaux (1965), stated that the inhabitants in 

the most affected area of Caringin in Banten could not return until 1891. 

However, there is no information about where they had moved to in the 

meantime. 

 

2.2.3 Population Growth in Java during 1880−1890 

To get additional descriptive evidence on the short-term impact of eruption on 

population dynamics, we need information on migration flows (see Table 2.2). 

Such information is crucial, since migration can be seen as a key response to 
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natural disasters. People may migrate to safer areas to find a way to cope with 

the impact of the disasters. People may also migrate if they expect that their 

location may experience natural disasters in the near future. Therefore, out-

migration due to a large shock such as natural disaster is also known as forced 

migration (e.g. Hugo 2006; Grada and Rourke 1997). For instance, mass long-

distance out-migration from Ireland was swollen by the Great Irish Famine in the 

middle of 18th century (Grada and Rourke 1997). 

 

Table 2.2 Population Growth and Its Components 1880–1890 

No Residency Population growth (%) Net natural growth (%) Net migration  (%) 

  (A) (B) (C) = (A) – (B) 

    1880–1885 1885–1890 1880–1885 1885–1890 1880–1885 1885–1890 
1 Banten –10.70 16.52 –8.83 7.57 –1.87 8.95 
2 Batavia 3.47 12.69 –1.81 6.69 5.29 6.01 
3 Cirebon 3.89 10.23 –1.31 5.77 5.20 4.46 
4 Priangan 1.47 21.92 –4.21 4.14 5.67 17.78 
5 Pekalongan 3.94 7.15 2.85 5.46 1.08 1.69 
6 Banyumas 7.80 10.23 5.43 5.65 2.38 4.58 
7 Kedu 2.03 4.39 1.62 3.51 0.42 0.88 
8 Rembang 11.87 8.74 5.74 7.28 6.13 1.46 
9 Semarang 4.97 8.49 2.94 5.00 2.03 3.49 

10 Surakarta 8.85 10.14 5.09 6.23 3.76 3.91 
11 Yogyakarta 7.89 56.95 7.61 12.77 0.28 44.18 
12 Madiun –0.07 8.93 5.48 8.28 –5.55 0.65 
13 Kediri 25.70 18.76 7.94 7.29 17.76 11.48 
14 Surabaya 8.17 12.68 5.40 6.63 2.77 6.05 
15 Pasuruan 10.65 8.61 4.93 6.57 5.73 2.04 
16 Besuki 18.28 15.06 6.32 6.08 11.96 8.98 
17 Madura 4.73 8.26 4.82 4.12 –0.08 4.14 

Note:  See Appendix 2.A for information on data quality and the methods used to cope 
with its deficiencies. 

Source: See Appendix 2.A.  

 

It was, however, difficult to make an accurate picture of migration in Java until 

the 1930 Census (Boomgaard and Gooszen 1991). We can partially solve the 

problem of lack of data by utilising other information available in Boomgaard 
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and Gooszen (1991). In their publication, Boomgaard and Gooszen also provide 

data on the number of births and deaths. Therefore, we can use these data to 

roughly estimate population growth and its components. We focus on the period 

1880 to 1890. Furthermore, regarding the quality of mortality figures, as well as 

fertility figures reported by Boomgaard and Gooszen (1991), it should be noted 

that the results shown in Table 2.2 do not exactly represent the components of 

population growth. The net natural growth in this table refers to the population 

growth that resulted from its natural component: the total number of births 

minus the total number of deaths during the considered period.  

As shown in Table 2.2, Banten was the only residency with a large 

population decrease. This residency experienced a population decrease of 10.7% 

during 1880–1885. Net migration contributed to the population decrease in this 

period. However, the main cause of the population decrease seems to be the 

negative growth of the natural component due to the high mortality rate 

compared with the fertility rate.10 These figures indicate that the natural shocks, 

in particular the Krakatoa eruption, which occurred during this period did not 

cause a large outmigration, but tended to affect the natural component of 

population growth.  

Table 2.2 also shows a negative natural growth rate for Batavia, Priangan 

and Cirebon during the period 1880–1885. As the Krakatoa eruption in 1883 

caused fatalities only in Banten and Batavia, one may expect that there was 

another major event during this period that possibly not only affected Banten and 

Batavia but also Priangan and Cirebon (all neighboring residencies in West Java). 

The historical reports mention that there was an epidemic and a great famine that 

struck people in Banten and West Java between 1880 and 1882 (see, e.g., 

Nederburgh 1888; Kartodirdjo 1966; Hugenholtz 1986; Boomgaard and Van 

Zanden 1990; Gooszen 1999; Barwegen 2010). These events were caused by the 

                                                             
10 Note that, in a closed system, aggregate net migration is zero by definition. This 
suggests that net natural growth is overestimated in Table 2.2. The same holds true for 
net migration. Details of the data source can be found in ‘Data on fertility and mortality’ 
in Appendix 2.A.  
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cattle plague during the period 1878–1881 in Buitenzorg, Simplicitas, and 

Krawang (in the Residency of Batavia), Cianjur and Sukabumi (in the Residency 

of Priangan), Cirebon, and, of course, Banten (Barwegen 2010). A major measure 

to control the spread of the disease was simply to kill the cattle, including the 

healthy animals. This prevention method resulted in a lack of buffaloes for 

farmers. Consequently, many rice fields had to be abandoned. Its further impacts 

were a fever epidemic, a great shortage of manpower and more famine, 

especially in Banten. 

This epidemic affected the whole of Banten while the Krakatoa eruption in 

1883 only affected the coastal area of Banten. Therefore, by interpreting the 

historical data in Nederburgh (1888), Kartodirdjo (1966) stated that the economic 

impact of the Krakatoa eruption was much smaller than the consequences of the 

epidemic. For instance, the historical economic data in Nederburgh (1888) show 

that the revenue from the land tax in Banten decreased by 12% in 1883, but it had 

recovered in 1884 although it was still lower than in 1882. In terms of population, 

Boomgaard (2002) indicates that the famine had a very sharp, and at the same 

time a very short-lived, impact on the affected residencies. He noted that, before 

the eruption of the Krakatoa eruption in August 1883, the people of Banten had 

already started to recover since the famine lasted until 1882. 

Meanwhile, Batavia, which was also affected by the eruption, did not 

show negative population growth during the period 1880–1885 and even 

experienced positive net migration. One may speculate that Batavia also received 

forced temporary migrants due to the eruption of the Krakatoa volcano. There 

are two reasons for this. First, as already noted, some people affected by the 

Krakatoa eruption in Banten went to the city of Batavia and its neighborhood for 

temporary stays (Gooszen 1999). Second, typically, famines or epidemics only 

reduce population temporarily since people usually do not move over large 

distances (see Boomgaard and Gooszen 1991; Grada and Rourke 1997). 

With the given data it is difficult to disentangle the longer-term recovery 

process related to the famine and that related to the Krakatoa eruption. About the 
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latter recovery process it is also interesting to note that a report by the Resident of 

Banten in 1883, shortly after the disaster, states that a large part of Banten had 

recovered from the damage caused by the Krakatoa eruption after only two 

months (Kartodirdjo 1966). This report hints that, soon after the huge eruption, 

the affected residencies were already recovering. A formal empirical test is 

certainly important to evaluate that indications. The following section provides a 

further empirical analysis of the spatial impact of this eruption.  

 

2.3 The Impact of the Krakatoa Eruption   

2.3.1 Model Specification and Results 

We adopt a standard model which has been used by Davis and Weinstein (2002) 

and Brakman et al. (2004) to find out whether the Krakatoa eruption had 

permanent effects on the spatial distribution of population across residencies in 

Java. The basic model is as follows: 

(Si1885+ t – Si1885) = α + β(Si1885 – Si1880) + εi ,          (2.1) 

where (Si1885+t–Si1885) is the change of the share of region i in total population in 

Java relative to the share in 1885 (in natural logarithms) t years after the period of 

the shock; and (Si1885–Si1880) is the change of the share of region i in the total 

population of Java (in natural logarithms) during the period of the shock (1880–

1885). The eruption occurred in 1883, and falls between two population surveys 

(those of 1880 and 1885). Parameter β in the model indicates the impact of the 

shock: if β = 0, population growth follows a random walk; if β = −1, the eruption 

had no lasting effect at all; if −1<β< 0, then the eruption only had a temporary 

impact. Note that, in the case of a negative β, a negative shock leading to a 

decrease of a region’s share in a spatial system leads to faster growth in 

subsequent periods. 

In this study we extend the basic model by adding other relevant 

variables. Considering the main characteristics of Java, we introduce a variable 

that represents the spatial effect of the eruption on migration and other locational 



The Implication of the Krakatoa Eruption 27 
 

advantage variables. In order to detect a migration effect of this eruption, we add 

a dummy variable for non-affected residencies that share a border with affected 

residencies (labelled with the acronym NAR). Table 2.1 clearly indicates that 

Banten and Batavia were the two affected residencies, so the other 15 residencies 

can be classified as non-affected residencies. The eruption may have forced the 

inhabitants of the affected residencies to move to the neighbouring regencies of 

Priangan and Cirebon. 

Theoretically, other locational variables that can be included in the 

equation are: the existence of active volcanoes as argued by Mohr (1945), and 

rainfall and altitude as used in Ayuda et al. (2010). However, with regard to the 

number of observations in our data set and the spatial variation of these 

variables, we only introduced the altitude of the capital of residencies (in natural 

logarithms) as an explanatory variable (labelled with the acronym lnALT). The 

expected sign for this variable is positive, suggesting a benefit of agricultural 

development in Java that tended to focus on areas with quite a high altitude. It 

may partially reflect soil fertility, as high altitude also reflects mountainous or 

volcanic areas. However, it is also important to note that, according to Van 

Valkenberg (1925), roughly 80% of the soil in Java is fertile. If there is no large 

difference in soil quality across residencies in Java, it is possible that lnALT will 

not be statistically significant in the estimations.  

Finally, we also introduced a dummy variable for Batavia (labelled 

Batavia) reflecting the special role of Batavia in Java. In the development of Java, 

Batavia received greater support than other residencies, since Batavia served as 

the centre of the government administration. Batavia also was an important 

gateway of the Nederlands Indies for international trade. 

By incorporating those additional variables, the extended model looks as 

follows: 

(Si1885+ t – Si1885) = α + β (Si1885 – Si1880) + ν NARi + ψ lnALTi +  

      φ Bataviai + εi ,           (2.2) 
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where NAR is a dummy variable for non-affected residencies that share a border 

with affected residencies (1 for Priangan and Cirebon, 0 for other residencies); 

lnALT is the altitude of the capital of each of the residencies (in logarithm); and 

Batavia is a dummy variable equal to 1 for the residency of Batavia and 0 

otherwise. 

In estimating this equation, we need to determine t on the left-hand side of 

the equation. Following the availability of population surveys, we use two 

different historical points in time: 1890 and 1928. Therefore, we estimate 

equations (2.1) and (2.2) for (Si1890–Si1885) and (Si1928–Si1885). Following the standard 

approach used in previous studies, we need to instrument the variable (Si1885–

Si1880). In their study, Davis and Weinstein (2002) used buildings destroyed per 

capita and deaths per capita as instruments, while Brakman et al. (2004) chose the 

destruction of the housing stock. The use of instruments is important to deal with 

measurement errors since (Si1885–Si1880) may contain not only the impact of the 

eruption in 1883 but also the past rate of population growth, as well as the impact 

of other shocks during this period (in particular the famine). 

Regarding the available data on the eruption, we have two instrumental 

variables, viz. the number of fatalities, and the number of affected villages as 

shown in Table 2.1. We measured fatalities per 1,000 persons by dividing the 

number of fatalities by the population of 1880 (the variable labelled Fatalities). We 

also divided the number of affected villages (destroyed and damaged) with the 

land surface (the variable labelled Villages). Since the spatial effect of the eruption 

might also occur in the aftermath of the eruption, we also used the variable NAR 

as an instrumental variable. 

Based on the above discussion, the instrumental variable equation can be 

formulated as follows: 

(Si1885– Si1880)= η + ξ1 Fatalitiesi + ξ2 Villagesi + ξ3 NARi + εi,       (2.3) 

where Fatalities is the number of fatalities per 1,000 people living in the area in 

1880, and Villages is the number of affected villages, both destroyed and 

damaged, divided by the land area in 1890. 
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 The results of the instrumental equation are presented in Table 2.3. 

Concerning the reliability of data for the residency of Surakarta and Yogyakarta 

we use two sets of population data. They are labelled as A and B in the table. The 

difference between these two data sets is that the A data is based on recorded 

figures, while the estimated figures for the residency of Yogyakarta and the 

residency of Surakarta for 1880, 1885, and 1890 are used in the B data. Boomgaard 

and Gooszen (1991) provide both data sets (see Appendix 2.A). 

Table 2.3 shows that all instrumental variables are statistically significant  

except in Specification (A3) and Specification (B3) only Non-affected Residency has 

a statistically insignificant relationship with (Si1885–Si1880). We prefer to apply 

Specification (A2) and Specification (B2) for instrumenting (Si1885–Si1880) for 

respected estimations, since the goodness-of-fit of this estimated equation is 

higher than that of other specifications. 

 
 

Table 2.3 The Short-run Impact of the Eruption  
 

Variable A1 A2 A3 B1 B2 B3 
Fatalities  –0.00***   0.00   –0.00***     0.00 

  (0.00) (0.00)   (0.00)  (0.00) 
Villages –5.61*** –6.57 –5.49***  –5.96 

(0.57) (3.07) (0.58)  (3.13) 
Non-Affected Residency  –0.02* –0.02* –0.02*   –0.02* –0.02*  –0.02* 

  (0.01)  (0.01) (0.01)   (0.01) (0.01)  (0.01) 
Constant    0.01   0.01  0.01    0.01   0.01   0.01 

  (0.01)  (0.01) (0.01)   (0.01) (0.01)  (0.01) 
R-squared    0.45   0.47  0.47   0.43  0.44   0.44 
Adj. R-squared    0.37   0.39  0.34   0.35  0.36   0.31 
N  17 17 17 17 17 17 
Notes: The dependent variable is (Si1885 – Si1880). Robust standard errors are in parentheses. 
* significant at the 5% level; ** significant at the 1% level; *** significant at the 0.1% level.      

 
 

Table 2.4 provides the estimation results for equation (2.2). The adjusted R-

squared of all estimations are closest to zero implying that the results should be 
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interpreted with care.11 Looking at Specification (B1), the result shows that the 

coefficient of (Si1885–Si1880) is statistically significantly smaller than zero, indicating 

that the eruption had only a temporary impact on the spatial distribution of 

indigenous population in Java. In a longer period (from 1885 to 1928) the 

coefficient of (Si1885–Si1880) is not statistically significant but in Specification (B2) it 

still shows a negative sign. In general, the results give some support to conclude 

that locational fundamentals still play a role in determining the spatial 

distribution of population across regions in Java after the Krakatoa eruption in 

1883. 

 

Table 2.4 The Long-run Impact of the Eruption 

Variable (Si1890–Si1885) (Si1928–Si1885) (Si1890–Si1885) (Si1928–Si1885) 
  A2 A2 B1 B2 
(Si1885-Si1880) –0.12 0.09    –0.32*** –0.27    

  (0.19) (0.50) (0.07)   (0.42)    
Non-Affected    0.00          0.01 0.02   0.03    
Residency   (0.02) (0.07) (0.02)   (0.09)    
Altitude (log)   0.01 0.05 0.00   0.03    

  (0.01)        (0.03) (0.00)   (0.03)    
Batavia   0.00     0.15*** 0.01        0.17*** 

  (0.01)        (0.03) (0.00)   (0.03)    
Constant –0.01       –0.05        –0.00 –0.04    

  (0.01)        (0.04)  (0.00)   (0.04)    
R-squared   0.10         0.21 0.30   0.19    
Adj. R-squared         <0        <0 0.07         <0 
N         17       17        17         17 
Notes: The dependent variable is (Si1885+t – Si1885). The instrumental variables are Villages 
and Non-Affected Residency. Robust standard errors are in parentheses. * significant at the 
5% level; ** significant at the 1% level; *** significant at the 0.1% level.      

 

                                                             
11 Regarding the relatively low Adj. R-squared of our estimations, we note that this is 
possibly due to the small number of observations. Other relevant residency-specific 
variables for the period of study are difficult to find. Note that the R-squared in Davis 
and Weinstein (2002) varies between 0.279 and 0.566 and the number of observations is 
303, while the Adjusted R-squared in Brakman et al. (2004) also varies between <0 (for 
East Germany) and 0.45 (for West Germany) where the number of observations is at least 
21. 
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In contrast to the result for the instrumental variable equation in Table 2.3, the 

variables Non-Affected Residency and Altitude do not have a statistically significant 

impact. This indicates that there was no permanent impact of the eruption on the 

Priangan and Cirebon population as neighbours of the affected residencies. In 

other words, the spatial aspect of this eruption on the neighbouring areas existed 

only for a short period, as confirmed by the statistically significant coefficients of 

Non-Affected Residency in Table 2.3. Meanwhile, the coefficients of Altitude 

variable show a positive sign in all estimations which probably indicates a 

tendency for regions at higher altitudes to develop faster during these decades, 

but the evidence is not strong as they are not statistically significant. 

It is interesting that the dummy variable for the residency of Batavia 

shows statistically significant coefficients for the longest period of estimation. 

The positive sign of the coefficients indicates an increasing difference in 

population growth between the residency of Batavia and other residencies. 

Possible explanations for this are: the central position of Batavia in international 

trade networks made possible by, amongst other things, the port of Tanjung 

Priok, its position as the centre of the national government administration, and 

its place in the railway network of Java (see, e.g. Huff 2012). While Van Lottum 

and Marks (2012) suggest that the urban primacy of Batavia had a strong effect 

on the direction and size of migration flows only after Indonesia’s independence 

in the 1940s, our findings indicate that Batavia had already experienced higher 

growth than other residencies in Java since the late 1890s. 

We also plot the pre- and post-eruption spatial distribution of population 

across the residencies to give a visualisation of the development process in Java 

island. Figures 2.2.A and 2.2.B are based, respectively, on the ‘original data’ and 

‘extrapolated data’. The Adjusted R-squared of the ‘original data’ are, 

respectively, 0.98 and 0.96 for 1885 and 1890, indicating that most of the variation 

in the post-eruption spatial distribution of population is explained by the pre-

eruption performance. However, the Adjusted R-squared in 1928 decreases to 

0.38, suggesting that the pre-eruption conditions still exist but other factors 
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become more important. Based on the long-run estimation, one of the possible 

factors is the fact that Batavia became more important. Figure 2.2.B provides a 

similar illustration where the Adj. R-squares decrease from 0.98 in 1880 to 0.36 in 

1928. We may conclude that there is a long-term persistence in the spatial 

distribution of population in Java in which locational fundamentals decrease in 

its importance. 
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Notes: Banten (Btn), Batavia (Btv), Cirebon (Crb), Priangan (Pri), Pekalongan (Pkl), 
Banyumas (Bny), Kedu (Ked), Rembang (Rmb), Semarang (Smg), Surakarta (Skt), 
Yogyakarta (Ygy), Madiun (Mdn), Kediri (Kdr), Surabaya (Sby), Pasuruan (Psr), Besuki 
(Bsk), Madura (Mdr); Regression Fit A1) Share_1885 = 0.002 + 0.959 * Share_1880 + e, Adj. 
R-Squared = 0.98; Regression Fit A2) Share_1890 = 0.007 + 0.880 * Share_1880 + e, Adj. R-
Squared = 0.96; Regression Fit A3) Share_1928 = 0.028 + 0.519 * Share_1880 + e, Adj. R-
Squared = 0.38. 

 

Figure 2.2.A. The Persistence of the Spatial Distribution of Population (Share-A) 
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Notes: Banten (Btn), Batavia (Btv), Cirebon (Crb), Priangan (Pri), Pekalongan (Pkl), 
Banyumas (Bny), Kedu (Ked), Rembang (Rmb), Semarang (Smg), Surakarta (Skt), 
Yogyakarta (Ygy), Madiun (Mdn), Kediri (Kdr), Surabaya (Sby), Pasuruan (Psr), Besuki 
(Bsk), Madura (Mdr); Regression Fit B1) Share_1885 = 0.002 + 0.959 * Share_1880 + e, Adj. 
R-Squared = 0.98; Regression Fit B2) Share_1890 = 0.004 + 0.932 * Share_1880 + e, Adj. R-
Squared = 0.96; Regression Fit B3) Share_1928 = 0.026 + 0.566 * Share_1880 + e, Adj. R-
Squared = 0.36. 

  

Figure 2.2.B The Persistence of the Spatial Distribution of Population (Share-B) 

 

2.3.2 Sensitivity Analysis  

We also conducted sensitivity analysis to test the robustness of our estimation 

results. In doing this we use the same datasets but we carry out the analysis in 

terms of differences in growth rates instead of changes in shares. For instance,  

PGi(1885+t)–1885 is defined as growth of population of region i between 1885 and 

1885+t. We follow all the procedures in estimating equations described in the 

previous section. In general, this test confirms the previous results (see Tables 

2.5–2.6, and Figure 2.3.A–2.3.B). Therefore, we obtained further support for 
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locational fundamental theory. Other relevant variables show similar results, as 

described in the previous subsection.   

 

Table 2.5 The Short-run Impact of the Eruption (Sensitivity Test) 

 
Variable A1 A2 A3 B1 B2 B3 
Fatalities –0.53***     0.18 –0.52***       0.13    

 
(0.06)     (0.27) (0.06)      (0.28)   

Villages –1,292.24*** –1,710.11 –1,263.31*** –1,560.48   

 
  (149.03) (793.72)   (151.44) (809.70)    

Non-Affected Residency –5.86*   –6.10*     –6.15* –5.49*   –5.72*     –5.76*   

 
(2.14)  (2.16)     (2.32) (2.17)  (2.19)     (2.35)    

Constant  8.54***      8.77***       8.83**  8.17***      8.39***     8.44**  
(1.92)  (1.94)     (2.10) (1.95)  (1.98)      (2.14)   

N 17      17     17 17      17     17 
R–squared 0.40 0.41     0.41  0.38  0.39    0.39    
Adj. R–squared 0.31 0.33     0.28  0.29  0.30    0.25    
Notes: The dependent variable is (PGi1885_1880). The instrumental variables are Villages and 
Non-Affected Residency. Robust standard errors are in parentheses. * significant at the 5% 
level; ** significant at the 1% level; *** significant at the 0.1% level.      
   
 

Table 2.6 The Long-run Impact of the Eruption (Sensitivity Test)  
 

Variable PGi1890_1885 PGi1928_1885 PGi1890_1885 PGi1928_1885 
  A1 A2 B1 B2 
PGi1885_1880 –0.10 0.56  –0.36*** 0.58    

 (0.24) (0.96)        (0.08) (0.98)    
Non-Affected   0.00 5.68         4.37 5.54    
   Residency  (4.38)       (30.80)        (4.71)       (30.92)    
Altitude (log)  3.56         21.12         0.37         21.12    

 (3.33)        (14.11)        (1.15)        (14.11)    
Batavia          –0.28     65.98***         1.83     65.98*** 

 (2.17) (12.67)        (0.89)        (12.67)    
Constant     10.42***    53.34** 12.06***    53.45**  

 (2.41) (16.95)        (1.27) (16.95)    
R-squared  0.09   0.21         0.31  0.21    
Adj. R-squared           <0  <0          0.08 <0    
N 17 17       17         17 
Notes: The dependent variable is (PGi1885+ t – 1885). Robust standard errors are in 
parentheses. * significant at the 5% level; ** significant at the 1% level; *** significant at 
the 0.1% level.      
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Notes: Banten (Btn), Batavia (Btv), Cirebon (Crb), Priangan (Pri), Pekalongan (Pkl), 
Banyumas (Bny), Kedu (Ked), Rembang (Rmb), Semarang (Smg), Surakarta (Skt), 
Yogyakarta (Ygy), Madiun (Mdn), Kediri (Kdr), Surabaya (Sby), Pasuruan (Psr), Besuki 
(Bsk), Madura (Mdr); Regression Fit B1) logi_1885 = 0.537 + 0.966 * logi_1880 + e, Adj. R-
Squared = 0.97; Regression Fit B2) logi_1890 = 2.413 + 0.840 * logi_1880 + e, Adj. R-
Squared = 0.93; Regression Fit B3) logi_1928 = 7.345 + 0.518 * logi_1880 + e, Adj. R-
Squared = 0.46. 

 

Figure 2.3.A. The Persistence of the Spatial Distribution of Population (log-A) 
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Notes: Banten (Btn), Batavia (Btv), Cirebon (Crb), Priangan (Pri), Pekalongan (Pkl), 
Banyumas (Bny), Kedu (Ked), Rembang (Rmb), Semarang (Smg), Surakarta (Skt), 
Yogyakarta (Ygy), Madiun (Mdn), Kediri (Kdr), Surabaya (Sby), Pasuruan (Psr), Besuki 
(Bsk), Madura (Mdr); Regression Fit B1) logi_1885 = 0.245 + 0.964 * logi_1880 + e, Adj. R-
Squared = 0.96; Regression Fit B2) logi_1890 = 0.524 + 0.925 * logi_1880 + e, Adj. R-
Squared = 0.94; Regression Fit B3) logi_1928 = 2.793 + 0.582 * logi_1880 + e, Adj. R-
Squared = 0.44. 
 

Figure 2.3.B. The Persistence of the Spatial Distribution of Population (log-B) 

 

2.4 Conclusion  

In this chapter we have investigated the impact of the 1880–1885 shock in 

population development on population growth in Java in the periods thereafter. 

There was a major famine in West Java before the Krakatoa eruption in 1883. 

However, the famine lasted until 1882, and the population in Banten was already 

recovering before the eruption. We use the Davis and Weinstein (2002) approach 

to analyse the long-term effect of this shock, employing historical data on the 

indigenous population at the residency level that cover the period from 1880 to 
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1928. We extend the model by adding a number of relevant variables to the basic 

model in order to represent the spatial effect of the shock on migration and the 

importance of other locational advantage variables. 

Reports on the eruption show that Batavia and Banten were two 

residencies in Java that were strongly affected by the eruption. However, the 

descriptive evidence shows that the shock did not affect both regions 

permanently. Our empirical analyses also confirm that the Krakatoa eruption did 

not have a permanent impact on the spatial distribution of regions in Java 

thereby giving further support to the locational fundamentals explanation. 

Sensitivity tests confirm the robustness of our findings.  
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Appendix 2.A Data Sources  

The main source of population data is Boomgaard and Gooszen (1991). It 

provides population data at the residency level. Our concern is the spatial 

distribution of population, so we need to construct a data set with consistent 

administrative boundaries. To do this, we used the administrative divisions of 

1920, and then we merged some residencies. Therefore, we end up with 17 

residencies. This administrative division is also used in constructing all spatial 

data at the residency level in this chapter. 

Data on indigenous population 

Nitisastro (1970) and Boomgaard and Gooszen (1991) indicated that there is a 

problem with the reliability of population data in Java before 1880. Meanwhile, 

Gooszen (1999) noted that researchers tend to agree with the population data of 

Java after 1880. We follow these assessments and use population data from 1880 

onwards. Boomgaard and Gooszen (1991) also provide data for 1930, 1940, and 

1942. However, we ended our data set in 1928 owing to difficulties in matching 

data for 1930, 1940 and 1942 with the administrative division of 1920. Therefore, 

our population data set covers the period between 1880 and 1928. Two main 

tables on the indigenous population are Table 4 Indigenous population by residency 

1880–1905 (Boomgaard and Gooszen 1991: pp. 116–117) and Table 5 Indigenous 

population by residency 1912–1942 (Boomgaard and Gooszen 1991: pp. 119–121). 

Regarding these data, van der Eng re-estimated Java’s population by residency 

for 1870–1930 by using basic data from Koloniaal Verslag and other statistical 

publications to correct both underestimation and the lack of consistency of the 

Boomgaard and Gooszen data (personal communication, 2013; and see also Van 

der Eng 2010). We calculated the correlation between total indigenous population 

estimated by Van der Eng and total indigenous population from the Boomgaard 

and Gooszen data. We find that both data sets are strongly correlated. 

Boomgaard and Gooszen (1991: pp. 114–115) also provide a note on the 

reliability of population data for Yogyakarta and Surakarta for 1880–1895. They 
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mention that these figures are comparatively unreliable since there were no 

population surveys for this period. Both residencies were known as 

principalities, meaning they were not classified as government land. The 

proposed estimates are based on extrapolating the 1900–1912 growth trend for 

these residencies. Consequently the population growth rate, especially for 

Yogyakarta during 1885–1890, seems very high (see Table 2.2 Population growth 

and its components 1880–1890 in Section 2.2).   

Data on fertility and mortality 

In estimating net migration in Table 2.2, we used fertility figures and mortality 

figures to obtain figures on the net natural growth. The fertility figures are taken 

from Table 9a.2 Number of Births, 1880–1895 (Boomgaard and Gooszen 1991: pp. 

161–162), while the mortality figures are derived from Table 10a.2 Number of 

Deaths, 1880–1894 (Boomgaard and Gooszen 1991: pp. 174). There is no data for 

the number of deaths for Yogyakarta for 1890 in this table. We have simply 

proxied it by the number of deaths in 1889. 

Boomgaard and Gooszen (1991: p. 55) noted that the mortality figures are 

available for the 1880s and the early 1890s. These were taken from the population 

adjustment registers. These figures do not give a true impression of the actual 

mortality level at that time. However, these can be used to determine the speed of 

rises or falls in the mortality rate. On the fertility data, Boomgaard and Gooszen 

(1991: p. 63) mentioned that the system of registering births in Java was 

incomplete. The total number of births per residency was registered only in 1880–

1894 and 1932–1940. The method of registration in the first period was extremely 

unreliable. In general, they mentioned that the quality of the birth returns was 

still considerably worse than that of the mortality returns. As a consequence of 

using both these figures, we have to interpret the net migration in Table 2.2 as 

very rough estimates. 

The net migration is estimated by using the formula: net migration = 

(population growth – net natural growth). The net natural growth for a certain 



40 Chapter 2 
 

  
 

period, for instance during 1880–1885, is estimated with the following formula: 

Net natural growth (1880–1885) = [(total births (1881–1885) – total deaths (1881–

1885))/ population (1880)] x 100%. The same approach also applies for the net 

natural growth in the period 1886–1890. 

Other data 

We also used data on the land area of 1890 to construct the variable Villages in the 

estimation section. These land area data are taken from Table 15.2a Population 

distribution, Land area, population density and concentration, urban population 1890–

1930 (Boomgaard and Gooszen 1991: p. 217). In addition, the data on the altitude 

of the capital of each of the residencies is taken from Boerema (1931). 
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CHAPTER 3   ───────────────────── 

 

The Impact of the Indian Ocean Tsunami and 

the Nias Earthquake on the Spatial 

Distribution of Population in Northern 

Sumatra12 

 

3.1 Introduction  

Large-scale natural disasters may contain two shocks: a negative shock from the 

disaster itself and a positive shock from the massive aid inflows for recovery and 

reconstruction (see Okuyama 2007; Xiao 2011). For example, the Indian Ocean 

tsunami of December 2004, which was followed a few months later by the Nias 

earthquake, killed around 230,000 people in 14 countries, and destroyed much of 

Indonesia’s Aceh province. In response, the Indonesian government’s Agency for 

the Rehabilitation and Reconstruction of Aceh and Nias (Badan Rehabilitasi dan 

Rekonstruksi [BRR] Aceh–Nias) launched one of the largest humanitarian 

programmes in history (see Jayasuriya and McCawley 2010; Masyrafah and 

McKeon 2008; Zeccola 2011; Athukorala 2012). Yet the tsunami also contained a 

third shock: it was a catalyst for ending 30 years of military conflict between the 

Free Aceh Movement (Gerakan Aceh Merdeka [GAM]) and the Indonesian 

government (Nazara and Resosudarmo 2007; Le Billon and Waizenegger 2007; 

Athukorala 2012).13 

                                                             
12 This chapter is based on Brata et al. (2014). 
13 Unofficial discussions about ending the conflict in Aceh had already taken place in 
2004 (see Zeccola 2011), but the tsunami brought forward the signing of the Helsinki 
Memorandum of Understanding, on 15 August 2005. This is particularly important in 
view of the endogeneity problems that arise when one introduces measures like conflict 
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Northern Sumatra, and Aceh in particular, soon became one of the main 

developing areas in Asia in which to study the impact of natural disasters and 

the associated policy responses. Recent studies on Aceh focus on how best to 

manage disaster and relief (see, e.g., Athukorala 2012; Athukorala and 

Resosudarmo 2006; Kennedy et al. 2008; Masyrafah and McKeon 2008; Nazara 

and Resosudarmo 2007; Régnier et al. 2008). Others examine the peace deal (see 

Le Billon and Waizenegger 2007; Athukorala 2012), and the difficulties faced by 

international NGOs (see Zeccola 2011).  

This chapter aims to contribute to these existing studies of the impact of 

the natural disasters in Northern Sumatra by focusing on the spatial dynamics of 

disaster recovery, because the damage and losses caused by disasters are often 

not uniform across regions (see Okuyama 2007). Table 3.1 shows the spatial 

variation in deaths, missing and displaced people, in houses damaged, and in 

conflict intensity.14 These differences are likely to affect post-disaster recovery.15 

Nevertheless, studies of the spatial impacts of these disasters are still rare. 

Masyrafah and McKeon (2008) is an important exception in highlighting the 

disproportionate allocation of funds across regions in Aceh in the early phases of 

the reconstruction period. The twin disasters in Northern Sumatra have the 

characteristics of a natural experiment: large, highly variable, clearly identifiable, 

and purely temporary (see Davis and Weinstein 2002).  

                                                                                                                                                                                      
or a peace deal into an empirical estimation. It is also related to the fact that conflict and 
peace are processes rather than temporary shocks. However, a similar window of 
opportunity failed to see the Liberation Tigers of Tamil Elam and the Sri Lankan 
government resolve their conflict (see Athukorala 2012). Yet political revolution has, in 
the past, followed natural disasters—for instance, the Islamic Iranian revolution after the 
1978 earthquake, and the Sandinista revolution a few years after the 1972 earthquake in 
Managua, Nicaragua (see Cavallo et al. 2013). 
14 Correlations among death and missing, on the one hand, and internally displaced 
people, on the other, and houses damaged are between 0.55 and 0.74; while correlations 
of these indicators with the conflict intensity index are relatively low (between 0.08 and 
0.26). 
15 Regions in this table have been aggregated in order to avoid inconsistencies in the data 
caused by changes in administrative boundaries related to the decentralisation. One of 
the impacts of decentralisation in Indonesia is the proliferation of administrative regions 
across the country (see Fitrani et al. 2005). 
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Table 3.1 Impact of the Twin Disasters in Aceh and Nias 

No. 
 
 

Region 
 
 

Death and missing 
 
 

Internally-displaced 
people 

 

Houses  
damaged 

 

Conflict 
intensity  

index 
 
 

Total 
 

Per  
1,000* 

Total 
 

Per 
1,000* 

% 
 

1 Banda Aceh 77,804 387 50,970 254 59 0.00 
2 Aceh Jaya 19,804 248 40,422 507 61 1.75 
3 Aceh Besar 47,784 161 97,466 329 32 0.74 
4 West Aceh 14,854 86 67,817 393 45 1.49 
5 Pidie 6,109 12 81,532 164 8 1.65 
6 Nagan Raya 1,338 10 17,040 127 9 2.11 
7 North Aceh 2,726 5 32,246 63 8 1.64 
8 Bireuen 1,261 4 42,143 118 9 1.04 
9 Lhokseumawe 404 3 7,577 47 6 1.35 

10 Simeulue 45 1 42,751 622 45 0.22 
11 Sabang 14 1 3,712 140 6 0.00 
12 Nias 967 1 70,000 99 79 0.00 
13 East Aceh 224 1 14,411 45 1 3.63 
14 Central Aceh 209 1 6,107 23 2 1.90 
15 Southeast Aceh 172 1 809 5 2 0.87 
16 Aceh Singkil 50 0 30,967 227 6 0.80 
17 South Aceh 9 0 19,049 98 10 1.56 
18 Southwest Aceh 9 0 3,480 30 13 0.56 
19 Langsa 0 0 3,489 27 0 0.00 
20 Aceh Tamiang 4 0 3,396 15 1 0.69 
21 Gayo Lues 3 0 0 0 1 1.50 

Notes: Disaster data cover the Aceh tsunami and the Nias earthquake. 19 regions in North 
Sumatra that were not affected by the twin disaster are excluded from this table but they are 
included in regression analysis. The regions shown in bold are the regions highly affected by the 
disasters. A region is classified as highly affected if at least one of three indicators (the number of 
deaths and missing people per 1,000 population, the number of internally displaced people per 
1,000 population, and the proportion of houses damaged) is larger than the means of these three 
disaster impacts—calculated using all regions in Aceh and North Sumatra (see also Section 3.2.1). 
* The average of the population in 2003 and 2005 is used as the denominator to obtain these 
ratios. See Appendix 3.A.   

 

Focusing on the impact of the disasters on the spatial distribution of population, 

we adopt Davis and Weinstein’s (2002) method to estimate the impact of the 

bombing of Hiroshima and Nagasaki at the end of WWII on the city-size 

distribution in Japan, along with a description of the change in the rank of 

regions based on their population size and the changes in the spatial 

concentration of the population. The main question is whether the Indian Ocean 
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tsunami and the Nias earthquake have permanently changed the spatial 

distribution of the population in Northern Sumatra. Following Davis and 

Weinstein (2002), if the impact is only temporary then the results support 

locational fundamentals theory. This theory refers to the persistent role of natural 

characteristics or the physical landscape, according to which even a large shock 

has no lasting effect on the spatial distribution of economic activity. This is in line 

with the findings of Vale and Campanella (2005), who conclude that one of the 

city-resilience axioms is the power of place, which contributes to a city’s 

resilience after it has been destroyed by a major disaster. It indicates that 

locational aspects also determine the ability of any city or urban system to 

recover quickly from the impact of any shock including natural shocks.16 

Our empirical work does not show significant changes in the population 

ranking of the regions in Aceh and North Sumatra, although they have been hit 

by natural disasters. Our models of estimated population growth yield clear 

evidence that the twin disasters had only a temporary impact. Further estimates 

suggest that it was recovery funds, the intensity of past conflict, and institutional 

aspects that affected the post-disaster population growth. But we also note that 

conflict in the past tended to reduce population growth in regions that were also 

highly affected by the disasters. 

This study also includes all the regions in the province of North Sumatra, 

for the following reasons. First, Nias Island was directly affected by the Indian 

Ocean tsunami (see Athukorala and Resosudarmo 2006; Athukorala 2012). Nias 

did not suffer heavily, but the earthquake in March 2005 destroyed much of its 

infrastructure. Although the number of fatalities in Nias was smaller than in 

Aceh, the physical damage caused by the earthquake was more evenly spread 

across a large part of Nias Island, and disrupted the livelihood of the population 

                                                             
16 Vale and Capanella state that ‘A city is hard to kill, in part because of its strategic 
geographical location, its concentrated, persisting stock of physical capital, and even 
more because of the memories, motives, and skills of its inhabitants.’ (Vale and 
Capanella 2005: p. 347).     
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(BRR NAD–Nias 2008; Nazara and Resosudarmo 2007). Second, the Nias 

earthquake also affected Aceh Singkil, South Aceh, and, in particular, Simeulue. 

Third, the unaffected regions in North Sumatra serve as the control group in our 

analysis. 

 

3.2 Framework to Study the Impact of the Twin Disasters  

Davis and Weinstein (2002) developed their empirical method in order to answer 

one of the central questions in economic geography: how to explain the 

distribution of economic activity across space (countries, regions, and cities). In 

their study, they focused on the impact of the bombing of Hiroshima and 

Nagasaki at the end of WWII on the city-size distribution in Japan.  

Studies of the impact of shocks on the distribution of cities can be 

classified into three theoretical strands: increasing returns to scale, random 

growth, and locational fundamentals (see Davis and Weinstein 2002; Brakman et 

al. 2004; Bosker et al. 2008). All three strands predict a stable city-size distribution 

in equilibrium, but they yield different reactions to shocks (Bosker et al. 2008). 

With increasing returns, a large shock has the potential to transform the city-size 

distribution. Random growth theory predicts that temporary shocks can have 

permanent effects on city sizes, and on the relative position of cities within the 

distribution. Finally, according to locational fundamentals theory, a large shock 

will have only a temporary effect on relative city size, provided that the shock 

does not change the underlying locational fundamentals themselves (that is, 

those of first-nature geography). 

Locational fundamentals theory states that natural advantage and the 

physical landscape (first-nature advantages, such as access to the sea or a river, or 

an abundance of natural resources) are crucial initial conditions that determine 

the existence and growth of cities (see, e.g., Fujita and Mori 1996; Krugman 1996). 

These permanent features establish certain locations as excellent sites for 

economic activity (Davis and Weinstein 2002) and, as such, have affected the 

formation and evolution of the size of a location. The importance of such initial 
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conditions should, as is often argued, decrease in normal situations, but their 

effects may persist (e.g. by first-nature advantages creating second-nature 

advantages such as the interaction between economic agents).  

Davis and Weinstein (2002) and Brakman et al. (2004) use the bombings of 

Japan and Germany during WWII as ‘quasi-natural experiments’, and found that 

the impact of shocks on the city-size distribution is only temporary, supporting 

locational fundamentals theory. Miguel and Roland (2011) find no strong 

evidence of permanent effects from the bombing of Vietnam by the United States 

on local poverty rates, consumption levels, infrastructure, literacy, or population 

density.  

Most empirical studies on urban growth focus on developed countries. By 

using Northern Sumatra as a ‘natural laboratory’, we add to recent empirical 

studies of developing countries (Anderson and Ge 2005; Chen et al. 2013; Soo 

2007; 2013) in which we use regions as the unit of analysis.17 Davis and Weinstein 

(2002) give two reasons why regional data might be preferred to using cities as 

the unit of analysis in studying economic geography. The first is related to the 

population threshold that is involved in the definition of a city. Since population 

may cross the threshold in some locations but not others, the growth of 

population can show non-uniformity. The second reason is related to the role of 

history in defining or classifying a location as a city, since the appropriate 

definition of cities may change over the course of time. Davis and Weinstein 

(2002) use both city and regional data. Several other studies, especially those on 

Zipf’s law, also focus on regions rather than cities, and find that Zipf’s law can 

also hold within the regions of a country, or when regions are clustered (Ayuda 

et al. 2010; Berry and Okulicz-Kozaryn 2011; Giesen and Suedekum 2011; 

González-Val and Sanso-Navarro 2010; Kwok Tong Soo 2014).18  

                                                             
17 In 2004 there were four cities in Aceh (Banda Aceh, Sabang, Langsa, and 
Lhokseumawe). In the same year there were seven cities in North Sumatra (Sibolga, 
Tanjung Balai, Pematang Siantar, Tebing Tinggi, Medan, Binjai, and Padang 
Sidempuan). It is therefore necessary to use regions as the unit of analysis since the 
number of cities during the period concerned is very small. 
18 The remarkable regularity in city-size distribution in many countries is known as 
Zipf’s law, or the rank-size distribution. In its pure form, it states that the population of 
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The studies mentioned above argue that cities or regions that have 

locational advantages will rebound after a large shock, and then keep their 

population rank in the size distribution of cities or regions. When applying 

locational fundamentals theory to Northern Sumatra, we should not find 

permanent changes in the population rank of affected regions (or of unaffected 

regions) after the twin disasters. However, the population rank of regions may 

change in the aftermath of disasters, and it may take regions years to return to 

their pre-disaster rank. To check for such possible changes, we compare regions’ 

population ranks in three non-consecutive years after the disasters (2005, 2010, 

and 2012) with their ranks in 2003 (before the disasters). 

 

3.2.1 The Spatial Aspect of Disasters on Population Growth 

We adopted an empirical model developed by Davis and Weinstein (2002) and 

replicated by, among others, Brakman et al. (2004). The model tests whether the 

growth of a city or region follows a random walk — that is, whether its past 

growth does not affect its future growth. The past growth of regions that have 

been struck by a large shock reflects historical shocks. Random growth theory 

does not predict a relationship between historical shocks and future growth rates. 

If the growth rates of regions follow a random walk, the shocks permanently 

change the spatial distribution of population. But when the underlying causes of 

the spatial distribution of population are location-specific, the expectation is that 

there will be a negative relationship between a historical shock and the post-

shock growth rate. In other words, regions that experienced the largest 

population decrease due to a large shock tend to have the highest post-shock 

growth rates, which confirms that the shock had only a temporary impact, and 

supports locational fundamentals theory. 

 

                                                                                                                                                                                      
any city, multiplied by its rank in a system of cities, is equal to the population of the 
largest city in the system. 
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The basic model used to explore whether a disaster has had a permanent 

or a temporary impact on population growth is as follows: 

g0512 = δ + ε· g0305 + ν ,             (3.1) 

where g0512 is the population growth between 2005 and 2012 (in percentage 

points); and g0305 is the population growth between 2003 and 2005 (in percentage 

points). The value of ε indicates whether the the past population growth provides 

information about the future population growth. The past growth theoretically 

contains the impact of the historical shock: namely the twin disasters. ε = 0 means 

that the past growth can not be used to project the future growth which leads us 

to support a random walk growth.  ε = –1 indicates that those regions which 

experienced low growth in the past had a chance to achieve high growth in the 

later period. Since the past growth is a result of the disaster shock, this implies 

that the disaster had no effect on the future growth. Meanwhile, if –1 < ε < 0, then 

the disaster had only a temporary impact, which supports locational 

fundamentals theory. In the model, δ is the constant indicating a long-run trend 

that is independent of time, and ν is an independently-and identically-distributed 

error term.   

The variable   g0305  represents past growth. It may contain information not 

only about the natural disasters, but also about population growth rates before 

the disasters, which may cause measurement errors (see Davis and Weinstein 

2002). To solve this problem, we instrument growth between 2003 and 2005 by 

using disaster variables (see Table 3.1). Our preferred variables are the number of 

deaths and missing people and the proportion of houses damaged, but we also 

use the number of internally-displaced people (although we suspect that this 

measure is a consequence of high fatalities and damage to houses). Our preferred 

instrumental equation is as follows: 

ĝ0305 = ζ + η· DM + φ· House ,           (3.2) 

where ĝ0305 is the predicted value of population growth between 2003 and 2005 

(in percentage points); DM is the number of deaths and missing people per 1,000 
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population; and House is the proportion of houses damaged by the disasters. 

These indicators generally reflect the intensity of the disasters at the district level. 

We are also interested in the spatial distribution of population growth 

after the twin disasters. After natural disasters, individuals or families in affected 

regions may decide to move to, and seek employment in, the nearest unaffected 

region. Such actions may be in response to a fear of further disasters (see Paul 

2005). In Aceh, after the tsunami, people moved from the coastal areas to their 

villages of origin (or gampong) (Mahdi 2007).19 If these moves were temporary, we 

could say that the disasters had only a short-term impact on population growth, 

which would support locational fundamentals theory. This raises an empirical 

question about spatial effects in the form of population spillovers from affected 

to unaffected, neighbouring regions. 

In measuring the neighbourhood effect on population growth in the 

aftermath of the disasters, we use a dummy variable (SB_HAR) to classify 

whether a region shares an administrative border with a highly affected region 

(the dummy takes the value of 1 for regions that border highly affected regions, 

and 0 otherwise). We adopt the method of Cavallo et al. (2013), which allows us 

to classify the regions into two groups: highly affected regions (HAR), and 

unaffected or slightly affected regions (NHAR). The threshold values for 

classifying the regions are the means of the three disaster impacts—calculated 

using all regions in Aceh and North Sumatra—that we use in our analysis: the 

number of deaths and missing people per 1,000 population (DM); the number of 

internally displaced people per 1,000 population (IDP); and the proportion of 

houses damaged (House). A region is classified as highly affected if at least one of 

these three indicators is larger than the relevant threshold. This method returns 

13 highly affected regions, mostly in the western and southern coastal areas of 

Aceh and North Sumatra’s Nias Island (those shown in bold print in Table 3.1). 

We expect that regions bordering highly-affected regions will receive a 

positive spillover. Yet out-migration from affected regions does not explain such 

                                                             
19 Gampong represents not only an administrative territory, but also the important 
traditional or informal networks for the Acehnese (see Gayatri 2009). 
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spillovers; the 2010 Census on internal migration (BPS 2011) shows that Aceh 

experienced in-migration in 2010.20 One possible explanation is a spatial spillover 

from highly affected regions with high population growth in the post-disaster 

years. This effect is particularly important for regions that have a close economic 

connection with their neighbours (e.g. as an urban-suburban relationship).21 

Since most highly affected regions share a border, we split the regions into 

two groups to investigate the spatial spillovers. The first group comprises highly 

affected regions that share a border with other highly affected regions, denoted 

as HAR_SB_HAR (which takes the value of 1 for highly affected regions that share 

a border with other highly affected regions, and 0 otherwise). The second group 

comprises unaffected and slightly affected regions that share a border with 

highly affected regions, denoted as NHAR_SB_HAR (which takes the value of 1 for 

unaffected and slightly affected regions that share a border with highly affected 

regions, and 0 otherwise). We expect that spatial effects captured by the first 

variable will be stronger than those captured by the second variable. The two 

following models are refined versions of equation (3.1): 

,          (3.3) 

         (3.4) 

The spatial impact of a highly affected region on the population growth of their 

neighbours is captured by ρ. If their neighbour is also a highly affected region, 

the impact will be shown by ρ1. The variable ρ2 captures the impact for unaffected 

and slightly affected regions.  

                                                             
20 In studying migration flows to Malaysia from highly affected areas in Aceh, and flows 
from conflict-affected areas with poor economic conditions, Naik et al. (2007) argue that 
there is no evidence available to show that numbers increased after the tsunami. 
Furthermore, they mention that the peace agreement in Helsinki had the potential to 
result in the return of large numbers of trans-migrants and Acehnese. Most trans-
migrants are Javanese who left Aceh because they were targeted by the GAM during the 
conflict. 
21 Vidyattama (2013) investigates the impact of the neighbourhood effect at the district 
level on regional convergence in decentralised Indonesia. He finds that the effect is 
statistically significant only in estimations at the district level.  
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3.2.2 Other Relevant Variables  

We also consider other variables in exploring the effects of disasters on 

population growth. The recovery programme, the peace deal, and institutional 

aspects are important in evaluating the robustness of our basic estimations, 

especially in the case of Northern Sumatra, which has different features from 

those areas examined in similar studies (Davis and Weinstein 2002; Brakman et 

al. 2004). 

The rehabilitation and reconstruction fund is a potentially important 

determinant of recovery. Davis and Weinstein (2002) find that government 

reconstruction expenditure positively influenced the recovery of Japanese cities 

after the bombing of Hiroshima and Nagasaki at the end of WWII. Their 

influence was quite small, however, owing to the focus of reconstruction policies 

on rural areas. Brakman et al. (2004) find that government support slightly 

increased the speed at which the war shock dissipated for the growth rates of 

West German cities, with an important note that the higher government support 

is related to lower growth, indicating that this support hindered the adjustment.22 

Furthermore, they argue that there was no guarantee that the most destroyed 

cities during the war received more funds, since the government tended to 

support large cities. These examples suggest that rehabilitation support does not 

necessarily have a large impact on population growth following a shock. 

In general, the massive recovery programmes launched after the 2004 

tsunami can be argued to be one of the important reasons for the increase in 

population growth in Aceh. The emergency relief has been largely successful 

compared with that which followed other major natural disasters, such as 

Hurricane Katrina (see Athukorala 2012). For instance, in Aceh there were no 

major outbreaks of disease, and residents received sufficient relief (such as food, 

clean water, health care, shelters, and cash-for-work programmes) during the 

emergency phase (Athukorala 2012; Zeccola 2011). Yet the reconstruction of Aceh 

                                                             
22 Brakman et al. (2004) mention that they have no data on government reconstruction 
support for East German cities. Therefore, this finding is based on estimates for West 
German cities.   
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was slow to advance (Kuncoro and Resosudarmo 2006), and reconstruction funds 

were disproportionately allocated across the affected areas—Banda Aceh and 

Aceh Besar, for example, received relatively large amounts of financial support 

(Masyrafah and McKeon 2008).23 Moreover, rehabilitation and reconstruction 

programmes in Aceh and Nias started with a sectoral approach rather than a 

regional one. Later, in 2006, the rehabilitation agency embraced ‘regionalisation’, 

which saw the authority disperse among many areas.24 

In examining the quality of the data of reconstruction funds, we face two 

potential problems. First, the data may not cover all expenditures, since many 

donors did not report their spending. We chose to use these data, in any case, 

because they are the best available. Second, there may be potential bias in the 

allocation of funds to highly populated regions. To address the latter, we 

introduce the variable of disbursed funds per 1,000 people (abbreviated as 

ReconsFunds), and use the population in 2003 as the reference. 

A region’s size may also affect its allocation of reconstruction funds. Large 

regions tend to need a large fund for rehabilitating transport infrastructure, 

whereas highly populated regions tend to need a large fund for reconstructing 

housing. Rehabilitating transport infrastructure is typically a long-term 

investment, while reconstructing housing yields more immediate returns but 

may have only short-term benefits for employment. When taking into account a 

region’s population size and physical size, we use population density in 2003 to 

weight reconstruction funds (ReconsFunds_Density). 

Any study of population growth in Aceh after the tsunami should 

consider the influence of the 2005 peace deal, since some disaster-affected regions 
                                                             
23 Details of the geographical gaps in the allocation of funds (the ratio of financing to 
needs) can be found in Masyrafah and McKeon (2008: p. 33, Map 1). 
24 The locations of the regional offices of this agency are as follows: (a) Lhokseumawe, 
servicing Pidie, Bireuen, Lhokseumawe, and North Aceh; (b) Langsa, servicing East 
Aceh, Langsa, and Aceh Tamiang; (c) Kutacane, servicing Central Aceh, Southeast Aceh, 
Gayo Lues, and Bener Meriah; (d) Singkil, servicing  South Aceh and Singkil; (e) 
Meulaboh, servicing West Aceh, Nagan Raya, and Southwest Aceh; (f) Sinabang, 
servicing Simeulue; (g) Calang, servicing Aceh Jaya; (h) Banda Aceh, servicing Aceh 
Besar, Banda Aceh, and Sabang; and (i) Nias, servicing Nias and South Nias (see BRR 
NAD-Nias 2006: p. 10). 
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also suffered from the conflict. In other countries, natural disasters followed by a 

radical political revolution have had a long-run negative effect on economic 

growth (Cavallo et al. 2013). We may, then, hypothesise an opposite (positive) 

effect when a natural disaster is followed by a peace deal like the one in Aceh; the 

peace deal is a favourable condition for post-disaster recovery, which encourages 

the conflict-affected people to return to their communities. Indeed, the World 

Bank (2009) reports that many Acehnese returned to daily activities and resumed 

work in the years following the conflict. 

We may thus expect that the peace deal has benefitted regions that have 

experienced conflict. In estimating any potential effects, we use an index of 

conflict intensity (Conflict), which indicates the level of damage during the 

conflict.25 We expect that regions that have experienced conflict in the past will 

have the opportunity to increase their economic growth, by assuming that the 

peace deal has been implemented. It is possible, however, that past conflict will 

hinder disaster recovery. Checking the relationship of the disaster impact with 

the conflict index is therefore important. This interplay variable is denoted as 

Conflict·HAR, where HAR is a binary variable that equals 1 if the region is highly 

affected by the disaster, and 0 otherwise. 

Institutional aspects may also play a role in the spatial dynamics of 

population. Changes in the rank at the very top of national urban hierarchies are 

rare, and such changes are closely related to political events, such as a change of 

capital city (Polèse and Denis-Jacob 2010). Such a change did not occur in Aceh 

after the tsunami; Banda Aceh is still the provincial capital. It was also the home 

base for donors, and it received more funds than other hard-hit areas simply 

because it was the most accessible destination in the aftermath of the tsunami. 

Banda Aceh and Aceh Besar received relatively similar amounts of funds in 2005 

(Masyrafah and McKeon 2008). Both regions were highly affected by the tsunami, 

but they have different characteristics. Banda Aceh is an urban centre, while the 

urban population in Aceh Besar, according to the 2010 census, comprises less 
                                                             
25 This index is based on the World Bank’s 2006 Village Survey in Aceh, and it reflects 
the amount of damage done to infrastructure during the military conflict (see World 
Bank 2007). 
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than 30% of the total. With its role as a suburb of Banda Aceh, Aceh Besar may 

receive an ‘institutional benefit’ from Banda Aceh, which implies that Aceh Besar 

also has a special position in the spatial dynamics of population in Aceh. To 

control for this element, we include a dummy variable of Banda Aceh and Aceh 

Besar, or BAAB (which takes the value 1 for Banda Aceh and Aceh Besar, and 0 

for other regions). We expect that this variable will have a positive coefficient, 

indicating that both regions are in a better position to achieve high rates of 

population growth after the twin disasters.26 

 

3.3 Results and Discussion  

3.3.1 Relative Position of the Highly Affected Regions after the Twin Disasters  

To get early evidence on the impact of the twin disasters on the spatial 

distribution of population in Northern Sumatra, we evaluate the changes of the 

relative positions of the highly affected regions in their corresponding provinces. 

Table 3.2 ranks the highly affected regions, based on their population sizes in 

2003, 2005, 2010, and 2012. The rank based on population size of 4 out of 12 

highly affected regions in Aceh dropped from 2003 to 2005, most likely because 

of the sudden impact of the disasters. These four regions, on the East coast of 

Aceh, were Banda Aceh, West Aceh, Nagan Raya, and Aceh Jaya. Table 3.2 also 

shows that the Nias earthquake in 2005 had no impact on the relative position of 

Nias Island among the regions in North Sumatra. 

We then investigate whether the population rank of the highly affected 

regions recovered from the impact of the twin disasters. After 5 years, some 

highly affected regions in Aceh did not regain their pre-disaster rank (West Aceh, 

Nagan Raya, Aceh Jaya, Aceh Singkil, and Simeulue). Most highly affected 

regions, including Nias, kept the rank they held before the disasters. These 

                                                             
26 Appendix 3.A provides details of the variables used in this chapter, as well as their 
sources.  
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figures indicate that the disasters had only a temporary impact on the spatial 

distribution of population. 

 

Table 3.2 Rank in Population Size and Population Growth of Highly Affected Regions 

Region Rank by population size   Population growth (%) 
  2003 2005 2010 2012  2003–05 2005–10 2005–12 
Aceh (20 regions)         
Pidie 2 2 2 2  –8.4 7.9 12.1 
Bireuen 3 3 3 3  –2.7 10.6 15.4 
Aceh Besar 5 5 5 5  0.2 18.5 25.2 
Banda Aceh 8 9 8 8  –20.5 25.6 34.2 
South Aceh  9 8 9 9  –3.1 5.6 8.6 
West Aceh  10 12 11 11  –22.8 15.4 21.3 
Nagan Raya 13 15 15 15  –14.1 12.9 18.2 
Aceh Singkil 14 13 13 13  18.9 14.6  20.4 
Southwest Aceh  16 16 16 16  0.3 9.0 13.3 
Aceh Jaya 17 19 19 19  –38.6 26.6 35.5 
Simeulue 19 17 17 18  32.7 2.9 5.6 
Sabang 20 20 20 20  16.7 7.2 11.1 
North Sumatra (20 regions)         
Nias 7 7 7 7   2.2 6.1 7.5 
Average growth: Highly affected (13 regions)   –3.0 12.5 17.6 
Average growth: Not or slightly affected (27 regions)   5.2 4.3 6.9 

Source: See Appendix 3.A. 

 

Table 3.2 also shows that the population sizes in highly affected regions has 

grown quickly since the disaster. These regions experienced substantial 

population growth during the period 2005–2010, although the population of 

Aceh Jaya, West Aceh, Pidie, Nagan Raya, and Banda Aceh were still smaller in 

2010 than they were in 2003. All regions then continued to recover, and only 

Aceh Jaya and West Aceh had not completed their recovery by 2012, since their 

population size in 2012 was still smaller than it was in 2003. Given the level of 

damage in these two regions (see Table 3.1), it is not surprising that they are 

taking longer to recover. Their conflict intensity index is also relatively high, 

complicating the process. The last two rows of Table 3.2 show that average post-

disaster growth in highly affected regions is higher than in other regions. Overall, 
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the twin disasters, as large shocks, did not affect the regularity of the spatial 

distribution of population in Northern Sumatra.  

We also included the coefficient of variation (the ratio of the standard 

deviation to the mean) of population and population density as a simple 

indicator of spatial concentration, to show that there have been no substantial 

changes in the regularity of the distribution of population across the regions since 

the disasters (Table 3.3). Given the level of destruction, the change in this 

indicator during the period 2003–2012 is relatively small. This evaluation 

suggests that the Indian Ocean tsunami in 2004 and the Nias earthquake in 2005 

had little impact on the spatial distribution of population in Aceh and in 

Northern Sumatra more broadly. It also points to the relevance of controlling for 

past conflict in estimating post-disaster population growth. 

 

Table 3.3 Coefficient of Variation of Population and Population Density 

Province Year 
  2003 2005 2010 2012 

 
A. Based on population size 
Aceh 0.66 0.64 0.63 0.63 
Aceh (excluding Banda Aceh) 0.68 0.65 0.65 0.64 
North Sumatra 0.95 0.95 0.97 0.97 
Aceh & North Sumatra 1.12 1.16 1.14 1.13 

B. Based on population density (per km2) 
 

Aceh 2.55 2.32 2.45 2.48 
Aceh (excluding Banda Aceh) 1.51 1.46 1.46 1.46 
North Sumatra 1.55 1.53 1.54 1.54 
Aceh & North Sumatra 1.97 1.98 1.96 1.95 

Source: See Appendix 3.A. 

 

3.3.2 Estimating the Impact of the Disasters on Population Growth 

We now investigate empirically the impact of the twin disasters on the 

population of regions in Aceh and North Sumatra. We start with the basic model, 

and then use an extended model as a robustness check. Table 3.4 provides the 
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descriptive statistics, and Appendix 3.A contains the details of the variables and 

their sources. 

 

Table 3.4 Descriptive Statistics 

Variable Description Mean SD 
DM  
 

Deaths and missing per 1,000 people  
 (natural disasters) 23.06 75.82 

House Percentage of houses damaged (natural disasters) 10.08 19.70 
IDPs Internally Displaced People (natural disasters) 83.33 147.73 
g0305 Population growth 2003-2005 (%) 2.54 12.11 
g0512 Population growth 2005-2012 (%) 10.37 9.46 
HAR Highly affected region (1=yes, 0=otherwise) 0.33 0.47 
SB_HAR 
 

Region shares administrative border with  
  highly affected regions (1=yes, 0=otherwise)  0.48 0.51 

HAR_SB_HAR 
 
 

Highly affected region shares administrative  
  border with other highly affected region  
  (1=yes, 0=otherwise) 

0.28 
 

0.45 
 

NHAR_SB_HAR 
 
 

Unaffected or little-affected region shares  
  administrative border with highly affected 
region   
  (1=yes, 0=otherwise) 

0.20 
 

0.41 
 

ReconsFunds Reconstruction funds per 1,000 population  0.36 0.81 
ReconsFund_Density Reconstruction funds per population density 0.93 2.62 
Conflict Conflict intensity index 0.59 0.85 
Conflict*HAR 
 

(Conflict intensity index) x (highly affected 
region) 0.30 0.60 

BAAB 
 

Dummy variable for Banda Aceh and Aceh Besar 
  (1=yes, 0=other regions) 0.05 0.22 

Note: SD=standard deviation. N=40. 

Source: See Appendix 3.A. 

 

First, we estimate equation (3.2) to instrument population growth during the 

period 2003–2005 (Table 3.5), which was hampered by the number of deaths and 

missing people (DM) in Aceh and Nias. The coefficients of damaged houses 

(House) are not statistically significant, although they have the expected negative 

sign. In other specifications, the number of internally displaced people (IDP) does 

not have a statistically significant influence on the dependent variable (see 

specifications 3 and 4). Since DM had a statistically significant impact on 

population growth in the aftermath of the disasters, we examine past population 
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by using DM only. This instrument explains 36% of the variance in the ensuing 

population growth of regions in Northern Sumatra.  

 

Table 3.5 Instrumental Variable Equation 

Variable 1 2 3 4 
DM      −0.10**       −0.09*        −0.11*     −0.10* 

     (0.03)        (0.04)         (0.04)      (0.04) 
House       −0.04     −0.11 

       (0.15)      (0.09) 
IDP 0.01       0.01 

(0.03)      (0.03) 
Constant       4.81**    5.03***   4.41** 4.61** 

     (1.46) (1.22) (1.36)      (1.39) 
R-squared       0.38 0.38 0.39       0.40 
Adj. R-squared        0.36          0.35 0.35       0.35 
N     40        40        40     40 
Notes: The dependent variable is g0305. Robust standard errors are in parentheses. * 
significant at the 5% level; ** significant at the 1% level; *** significant at the 0.1% level. 
See Table 3.4 for a description of each variable.  

 

We then estimate equations (3.1), (3.3), and (3.4). Table 3.6 presents the results. 

The first estimated equation shows that the value of ε is statistically significant 

and smaller than zero, which confirms that the twin disasters had only a 

temporary impact on post-disaster growth in Northern Sumatra. The negative 

coefficient of past growth also implies that highly affected regions grew faster 

than other regions. About 86% of the impact of the disasters on population 

growth disappeared within seven years (specification 1). Although this study 

covers only a short period, this finding supports locational fundamentals theory. 

 



The Impact of the Indian Ocean Tsunami 59 
 

  
 

Table 3.6 Basic Estimates of Population Growth 

 Variable Basic model 
1 2 3 

ḡ0305          −0.86*** −0.72*** −0.63*** 
         (0.14)          (0.12)          (0.11) 

SB_HAR  6.46** 
         (2.05) 

HAR_SB_HAR   8.75*** 
         (2.21) 

NHAR_SB_HAR           4.28 
         (2.33) 

Constant         12.56***   9.13***   8.72*** 
         (1.15)          (1.77)          (1.78) 

R-squared           0.46           0.57           0.59 
Adj. R-squared           0.45           0.54           0.55 
N         40         40         40 
Notes: The dependent variable is g0512. Robust standard errors are in parentheses.  
* significant at the 5% level; ** significant at the 1% level; *** significant at the 0.1% level. 
See Table 3.4 for a description of each variable. 

   

The speed of recovery in Northern Sumatra was faster than that of Japan (15 

years) and Germany (more than 17 years), as estimated in Davis and Weinstein 

(2002) and Brakman et al. (2004), respectively. The shocks in Japan and Germany 

were human-made disasters (the bombings in WWII), while those in Northern 

Sumatra were natural disasters. Although the latter occurred more than 50 years 

after the former, the level of development of most regions in Northern Sumatra 

in the 2000s was still low compared with the level in Japan and Germany in the 

1940s. The fast recovery in Northern Sumatra lends support to the hypothesis 

that location-specific characteristics — in particular, the first-nature advantage of 

geography — are of greater importance in less developed regions than in 

developing countries. 

Adding the spatial variable (SB_HAR) increases the fit of the model from 

0.45 to 0.54 (specification 2). This addition decreases the coefficient of past 

growth, but our main conclusion (that the disasters had only a temporary impact) 

still holds. A positive sign of the coefficient of the spatial variable confirms that 

there is a spatial impact on population growth — which means that there is a 

benefit in being situated next to a region affected by the twin disasters, since 
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affected regions have a positive impact on the population growth of their 

neighbours.  

 

Table 3.7 Extended Estimates of Population Growth 

Variable 1 2 3 4 5 6 7 8 

ḡ 0305 −0.50*** −0.51*** −0.62*** −0.52*** −0.62*** −0.60*** −0.62*** −0.55*** 

 
(0.10) (0.09) (0.17) (0.13) (0.03) (0.04) (0.06) (0.04)    

SB_HAR 2.80 
 

2.64 
 

2.92 2.70 

 
(1.62) 

 
(1.55) 

 
(1.65) (1.57) 

HAR_SB_HAR 
 

3.85 
 

7.57* 4.11 8.38**  

  
(2.31) 

 
(3.09) (2.26) (2.77)    

NHAR_SB_HAR 
 

2.04 
 

1.74 1.99 1.67    

  
(1.68) 

 
(1.79) (1.67) (1.80)    

Recons. Funds 1.82 1.46 0.89 1.75 

 
(0.93) (1.03) (1.58) (1.29) 

Recons.Funds_ 
    

0.27** 0.23 0.32 0.54**  
Density 

    
(0.10) (0.13) (0.20) (0.18)    

Conflict 5.08*** 4.97*** 5.64*** 5.71*** 5.05*** 4.92*** 5.60*** 5.68*** 

 
(0.68) (0.72) (0.65) (0.63) (0.72) (0.77) (0.67) (0.64)    

HAR 
  

4.01 0.84 4.42* 1.27    

   
(2.06) (2.65) (1.97) (1.97)    

Conflict·HAR 
  

−2.95* −4.49* −3.41* −5.51*   

   
(1.42) (1.81) (1.61) (2.08)    

BAAB 3.68* 3.07 −0.22 −0.59 3.19*** 2.73** 0.48 −0.02    

 
(1.44) (1.63) (3.03) (2.57) (0.76) (0.99) (1.45) (1.11)    

Constant 6.50*** 6.61*** 6.66*** 6.37*** 7.19*** 7.13*** 6.64*** 6.51*** 

 
(1.62) (1.64) (1.75) (1.67) (1.40) (1.43) (1.57) (1.56) 

R-squared 0.76 0.76 0.77 0.78 0.75 0.76 0.77 0.78 
Adj. R-squared 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.73 
N 40 40 40 40 40 40 40 40 
Notes: The dependent variable is g0512. Robust standard errors are in parentheses.  
* significant at the 5% level; ** significant at the 1% level; *** significant at the 0.1% level.  
See Table 3.4 for a description of each variable. 
 

 

By splitting SB_HAR into two groups (specification 3), we confirm that the spatial 

effect among the affected regions is larger than it is between affected regions and 

unaffected regions. In other words, there is a reinforcing process among highly 

affected regions. For example, Aceh Besar served as the suburb for Banda Aceh, 

and growth in Banda Aceh spilled over to Aceh Besar. This notion of 
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reinforcement is also supported by recent migration data from Aceh (based on 

the 2010 Population Census).27 About 43% of recent immigrants to the province 

are recorded as living in Banda Aceh and Aceh Besar, and the number of recent 

immigrants to these two regions is equal to 21% and 10%, respectively, of their 

populations in 2010. It is likely that immigrants have also contributed to 

population growth through natural growth. The baby-boom phenomenon 

following the tsunami has also been argued to be a natural response to the loss of 

many children, although further study is needed.28  

We now turn to testing the robustness of our basic model by introducing 

relevant variables. We provide eight specifications in this evaluation (see Table 

3.7), and the results show that  has a consistently negative impact on 

population growth in the years after the disasters. Adding reconstruction funds, 

the conflict intensity index, and a dummy variable for Banda Aceh and Aceh 

Besar does not disrupt the impact of , although it changes the speed at which 

the disasters’ shocks dissipate. Our conclusion that locational fundamentals 

theory holds is therefore robust to the addition of other relevant determinants of 

population growth. 

Considering the spatial variables, we find that SB_HAR, and its 

components tend to show a decrease in their significance level and impact, but 

the sign of their coefficients is still consistent. Meanwhile, HAR_SB_HAR has a 

statistically significant impact in two specifications, and the size of this impact is 

rather consistent (specifications 4 and 8, in which we also included Conflict·HAR). 

In short, the spatial spillover still exists, especially among highly affected regions.  

Reconstruction funds do not have a statistically significant impact on 

population growth when we use ReconsFunds (specifications 1–4), but the other 
                                                             
27 Recent migration data at the district level in Aceh, based on the 2010 Population 
Census, is available at http://sp2010.bps.go.id. In this data set, a respondent is 
categorised as a recent migrant if his or her current place of residence differs from that of 
5 years earlier. 
28 This phenomenon is beyond the scope of this chapter. According to UNICEF, more 
than two-thirds of the deaths and missing people in 12 Indian Ocean countries were 
children (http://www.cbsnews.com/news/post-tsunami-baby-boom-coming/). In 
Aceh, women, children, and the elderly accounted for more than two-thirds of the 
tsunami victims (see Athukorala and Resosudarmo 2006). 



62 Chapter 3 
 

measure of reconstruction funds, weighted by population density, has a 

statistically significant positive impact in specifications 5 and 8. The impact of 

reconstruction funds is relatively weak compared with other variables, especially 

Conflict. This result is in line with the findings for Japan and West Germany (cf. 

Davis and Weinstein 2002; Brakman et al. 2004); it also indicates that some 

potential problems remain. Aside from the lack of data on reconstruction 

expenditure, reconstruction programmes were not equally concerned with the 

regions that experienced more intense conflict before the disasters. For instance, 

donors and NGOs faced large obstacles to delivering tsunami funds to war-

affected communities because of political sensitivities (Zeccola 2011).29 The small 

impact of reconstruction funds may therefore also indicate a disadvantage of 

such difference of reconstruction approach in regions affected by natural 

disasters and those affected by conflict. In particular, it may lower the speed of 

disaster recovery in disaster-affected regions that also have experienced conflict. 

As expected, Conflict has a positive and statistically significant impact on 

population growth in all specifications. We interpret the coefficient of Conflict as 

evidence that regions that have experienced conflict in the past have benefitted 

from the peace deal between the GAM and the Indonesian government. The 

return of trans-migrants and Acehnese is one of the potential effects of the peace 

deal (Naik et al. 2007). But the World Bank’s 2006 Aceh Village Survey found that 

the rate of return of the conflict IDPs was lower than that of the disaster IDPs, 

suggesting a lack of social cohesion (World Bank 2007). Another report mentions 

that recent returnees were facing difficulties in recovery and reintegration five 

years after the peace deal (IDMC 2010).  

The addition of the interaction variable between conflict and disaster 

(Conflict·HAR) (in specifications 3, 4, 7, and 8) increases the coefficient of Conflict, 

indicating that the peace deal has contributed greatly to increased rates 

                                                             
29 An official report notes that it was the conventional wisdom that tsunami IDPs 
outnumber conflict IDPs, which caused aid in Aceh to have been primarily focussed on 
victims of the tsunami (World Bank 2007: p. 42). Also, much more relief aid was directed 
at Sri Lanka’s Southern provinces than at the war-affected regions in its East and North 
(see Mulligan et al. 2012). 
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population growth in regions that have experienced conflict. This negative sign 

of this interaction variable suggests that high levels of conflict in the past tended 

to reduce the speed of post-disaster recovery — or, alternatively, that the peace 

deal has been less beneficial for those regions that were highly affected by 

disasters. However, the negative impact of the conflict seemed more prevalent 

and enduring than that of the natural disasters (see UNDP 2010). 

The institutional variable, BAAB, is statistically significant in three 

specifications, showing that Banda Aceh and Aceh Besar tended to have higher 

rates of population growth than the other regions. This finding supports the 

hypothesis that both regions are in a better position than others to achieve high 

population growth after the disasters. We therefore argue that Banda Aceh, as an 

urban centre, and Aceh Besar, as a ‘supporting region’ of Banda Aceh, play an 

important role in the spatial dynamics of population.30 

 

3.3.3 Patterns of Post-disaster Population Growth: An Illustration  

Figures 3.1 and 3.2 illustrate the nature of Northern Sumatra’s disaster recovery, 

by plotting population and population density data from five selected regions 

from 2003 to 2012. Aceh Jaya suffered from both the twin disasters and past 

conflict. East Aceh experienced high levels of conflict, but it was not highly 

affected by the twin disasters. Banda Aceh, in contrast, experienced the opposite; 

it also plays a specific role in the regional system, as Aceh’s provincial capital. We 

have included Aceh Besar because of its close connection with Banda Aceh. We 

also include Nias, because it was also highly affected by the disaster (although 

the number of fatalities was relatively small). 

 

                                                             
30 Banda Aceh covers 61 square kilometres, whereas Aceh Besar covers 2,969 square 
kilometres. This implies that Aceh Besar can absorb population spillovers from Banda 
Aceh. 
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Notes: Nias: highly affected by disaster, low conflict intensity; East Aceh: slightly affected 
by disaster, high conflict intensity; Aceh Besar: highly affected by disaster, high conflict 
intensity; Banda Aceh: highly affected by disaster, low conflict intensity; Aceh Jaya: 
highly affected by disaster, high conflict intensity. Conflict intensity refers to conflict in 
the past. The dashed lines indicate the years in which the populations of East Aceh and 
Banda Aceh recovered to their pre-disaster levels.  

 

Figure 3.1 Population Growth in Selected Regions 

 

The figures show that regions have seen their populations grow since 2005, when 

the peace deal was signed, but their recovery speeds have differed. Aceh Jaya, for 

example, which experienced high levels of past conflict, has yet to recover fully—

its population in 2012 was still smaller than it was before the twin disasters. 

Banda Aceh’s population has recovered in less than 8 years, suggesting that 

locational fundamentals have played a substantial role. Aceh Besar, which has 

experienced past conflict, recovered faster than Banda Aceh, confirming that 

Aceh Besar has benefitted from bordering Banda Aceh. Figure 3.1 also shows that 

the post-disaster population growth in Nias was lower than in the other regions, 

which supports the notion that regions that have experienced severe declines in 



The Impact of the Indian Ocean Tsunami 65 
 

  
 

population size recover more quickly than those with more moderate declines (in 

line with locational fundamentals theory). 
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Notes: Nias: highly affected by disaster, low conflict intensity; East Aceh: slightly affected 
by disaster, high conflict intensity; Aceh Besar: highly affected by disaster, high conflict 
intensity; Banda Aceh: highly affected by disaster, low conflict intensity; Aceh Jaya: 
highly affected by disaster, high conflict intensity. Conflict intensity refers to conflict in 
the past. The dashed lines indicate the years in which the population densities of East 
Aceh and Banda Aceh recovered to their pre-disaster levels.  

 

Figure 3.2 Population Density Growth in Selected Regions 

 

3.4 Conclusion  

Since 2004, Northern Sumatra—Aceh and Nias in particular—has experienced a 

negative shock from two natural disasters (the Indian Ocean tsunami and the 

Nias earthquake), and a positive shock from the massive influx of recovery funds 

that followed. Aceh also witnessed a peace deal between the Gerakan Aceh 

Merdeka and the Indonesian government. In this chapter, we have analysed the 
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impact of the twin natural disasters on the spatial distribution of population 

across the administrative units of Aceh and North Sumatra, building on the 

approach developed by Davis and Weinstein (2002). 

Our descriptive analysis does not reveal significant changes in the 

population rank of regions in Northern Sumatra, despite their being shocked by 

exogenous disasters. The twin disasters have reduced the relative position of 

some highly affected regions, but most have recovered their population rank and 

size. This finding points to the relevance of locational fundamentals theory, 

rather than random growth theory. Our estimates of post-disaster population 

growth strengthen the evidence that the twin disasters had only a temporary 

impact, which provides empirical support for locational fundamentals theory 

over random growth theory. 

Spatial spillovers occurred between highly affected regions during the 

recovery period, so a further investigation of neighbourhood effects in the 

aftermath of disasters would be warranted. The contribution of recovery funds to 

post-disaster population growth is relatively small. We also found that the peace 

deal (measured by the intensity of past conflict) has a strong positive influence on 

population growth, yet past conflict tends to reduce growth in disaster-affected 

regions, as confirmed by the negative coefficient of the interaction variable 

between disaster and conflict. It implies that a specific historical background, 

such as past conflict, can hinder post-disaster recovery. We have also confirmed 

the close connection between Banda Aceh and Aceh Besar, implying that such an 

institutional aspect can affect recovery after disaster. 

 



The Impact of the Indian Ocean Tsunami 67 
 

  
 

Appendix 3.A Data Sources  

In preparing the data for this chapter we merged new regions with their original 

(or parent) regions to avoid any inconsistencies in using 2003 as the reference 

point.31 We also applied this method to all variables in our estimations, except for 

Conflict, which is an index. In that case, we used the mean average of the index of 

the merged regions. For regions that were not affected by the twin disasters and 

did not receive recovery funds, we gave them a zero value for the variable for 

disasters and recovery funds (RecondsFunds). We applied the same treatment to 

the conflict intensity index. Our data sources are as follows: 

 Population data are taken from Badan Pusat Statistik. Data for Aceh and Nias 

for 2005 are based on the Aceh and Nias Population Census of that year. This 

census aimed to provide data to support the planning of reconstruction 

programmes. Data for 2010 come from the 2010 Population Census. Data for 

2012 come from BPS’s provincial offices in Aceh and North Sumatra. 

 Data on the number of deaths and missing people in Aceh are taken from the 

Indonesian Disaster Information and Data of the National Disaster 

Management Agency (http://dibi.bnpb.go.id).32 Data for Nias are taken from 

BRR NAD-Nias (2008: pp. 5–6).  

 Data on the number of internally-displaced people (IDP) in Aceh are taken 

from UNORC (2009: p. 66). The Nias data are taken from BRR NAD-Nias 

(2008: p. 6).  

                                                             
31 For regions that were not affected by disasters, such as most regions in North Sumatra, 
we assumed the disaster-related variables to be zero. We took the same approach for 
conflict data, since the survey for these data did not cover some regions in Aceh (mainly 
cities) or any regions in North Sumatra. 
32 The National Disaster Management Agency (Badan Nasional Penanggulangan 
Bencana) was established by Presidential Regulation 8/2008. The objective of the 
Indonesian Disaster Information and Data (Data dan Informasi Bencana Indonesia 
[DIBI]) is to provide data for risk identification, policy formulation, and decision 
making. DIBI uses the DesInventar and Desconsular methodologies 
(http://www.desinventar.org/en/). Some BRR reports on Aceh and Nias provide data 
on the impacts of disaster, but DIBI covers Indonesia as a whole; it would have allowed 
us to be flexible if we had needed to extend our sample. In addition, for several regions, 
BRR’s reports do not provide data on the number of deaths and missing people. 
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 Data on the percentages of houses damaged are taken from UNORC (2009: p. 

66).  

 The conflict-intensity index is derived from World Bank (2007: p. 36). 

Data on disbursed funds, in dollars, are taken from the Recovery Aceh Nias 

(RAN) database, which covers projects from 6 October 2005 to 31 July 2009: 

http://rand.bappenas.go.id/RAND/ (last modified on 28 September 2010) 

(accessed on 23 May 2012). 
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CHAPTER 4   ───────────────────── 

 

The Local Economic Growth Impact of  

the 2006 Yogyakarta Earthquake 

   

 

 

 

4.1 Introduction  

In recent years, there has been growing interest in the economic impacts of 

natural disasters. However, the results still show contrasting findings, which 

suggests that the literature on the impacts of natural disasters on economic 

growth is still inconclusive. For instance, Skidmore and Toya (2002) and Kim 

(2010) find that countries that were subjected to natural disasters showed faster 

economic growth, suggesting a Schumpeterian ‘creative destruction’ effect. But, 

Cueresma et al. (2008) conclude that the creative destruction dynamics most 

likely only occurs in developed countries. Cavallo et al. (2013) also do not find 

any statistically significant long-run effect of disasters, not even for very large 

disasters; except very large disasters that were then followed by radical political 

upheaval.33 

The common view on the contrasting findings of previous studies is that 

growth theory about the impact of natural disasters does not provide clear 

predictions, especially regarding the long-term impacts (Chhibber and Laajay 

                                                             
33 These radical political revolutions are the Islamic Iranian revolution after the 1978 
earthquake, and the Sandinista revolution a few years after the 1972 earthquake in 
Managua, Nicaragua (see  Cavallo et al. 2013). 
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2008; Loayza et al. 2012).34 It then implies that the impacts need to be identified 

on empirical grounds. Reviewing the literature on the macroeconomic impacts of 

natural disasters, Cavallo and Noy (2011) conclude that the emerging consensus 

is that natural disasters have only a negative impact on short-term economic 

growth. However, no agreement can be identified with regard to the long-run 

impacts of natural disasters. Cavallo and Noy (2011) also underline the need of 

more evidence on the channels of transmission and extension of natural disasters 

on economic growth. Meanwhile, two recent studies using meta-analysis seem to 

arrive at different conclusions (Klomp and Valckx 2014; Lazzaroni and Van 

Bergeijk 2014).35 Klomp and Valckx (2014) find that climatic and geological 

disasters have a short-run negative impact (which supports the expectation that 

the long-run output returns to its original growth path), while they find both 

short- and long-run negative impacts with regard to hydro-meteorological 

disasters (which suggests that the new long-run growth path is at a lower level 

than the initial path). In contrast, Lazzaroni and Van Bergeijk (2014) find no 

evidence that macroeconomic impacts differ owing to geographical factors and 

the climatic versus geological nature of disasters. They also do not find 

significantly negative impacts of disasters in terms of indirect costs (income or 

output). One of the important implications of their study is that it is necessary to 

consider the heterogeneity of the impact of disasters on growth. 

Nevertheless, the economic impacts of natural disasters are still a 

challenging field to be explored. One of the important contributions is Loayza et 

al. (2012), who investigate not only the average aggregate impacts of different 

natural disasters, but also look at the sectoral level of the economy, motivated by 

the argument that different disasters can affect different economic sectors 

through different transmission channels. Their findings confirm that disasters do 

affect economic growth — but not always negatively, and the effects differ 

                                                             
34 Different possible scenarios are discussed in Section 4.2. See also Martin (2012) on 
regional economic resilience. 
35 Klomp and Valckx (2014) use 25 studies (until 1 April 2013), while Lazzaroni and Van 
Bergeijk (2014) also study the direct effects of disasters (such as damage and fatalities), 
and build on 34 studies for the indirect effects (income or output) of disasters. 
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substantially across disaster types and economic sectors. In addition, moderate 

disasters can have a positive growth effect on a certain sector, while severe 

disasters do not (see also Fomby et al. 2013; Noy and Vu 2010). However, recent 

studies argue that it is also possible that different disasters, but with a similar 

level of disruptive impact, can affect growth differently. Using the synthetic 

control method36, Barone and Mocetty (2014) find that similarly disruptive 

earthquakes in two different Italian regions resulted in large and contrasting 

long-term effects on the Gross Domestic Product (GDP) per capita. They argue 

that this reflects differences in total factor productivity related to the institutional 

setting or the role of initial conditions. Their other important conclusion is that 

the earthquake might intensify regional disparities in both economic and social 

development.  

In this chapter we focus on the local economic growth impacts of a specific 

natural disaster, viz. the Yogyakarta earthquake in 2006. While Loayza et al. 

(2012) use cross-country data in investigating the sectoral impacts of different 

natural disasters, we employ data at the sub-national level (district/city level) in 

two provinces in Java, Indonesia.37 Specifically, we are concerned with the 

heterogeneity in the response of the various economic sectors to the earthquake 

(Mehregan et al. 2012), the spatial economic spillover from the affected regions to 

the non-affected districts (Xiao and Nilawar 2013; Dekle et al. 2014), and the 

overall implication of the earthquake on the relative position of the local 

economy of the affected districts (see Cavallo and Noy 2011; Lazzaroni and Van 

Bergeijk 2014; Barone and Mocetty 2014). So far, studies that use sub-national 

data of developing countries are still scarce (see a study on Mexico [Rodriquez-

Oreggia et al. 2013], and a study on Vietnam [Noy and Vu 2010]). Both studies do 

not study the economic shocks caused by a specific natural disaster. Therefore, 

we also contribute to studies on a specific developing country using a single 

natural disaster event. 

                                                             
36 The synthetic control method is a counterfactual approach for comparative analysis. It 
is proposed by Abadie and Gardeazabal (2003) and Abadie et al. (2010). 
37 For simplification, in this chapter, the term ‘district’ in this chapter also includes cities.   
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The next section discusses our theoretical framework. Section 4.3 provides 

a brief description of the Yogyakarta earthquake. We then discuss our empirical 

findings in Section 4.4. The conclusions are presented in Section 4.5.  

 

4.2 Theoretical Framework  

Growth theory does not provide clear predictions with regard to the impacts of 

natural disasters on long-term growth rates (Chhibber and Laajay 2008; Loayza et 

al. 2012). For instance, according to the neoclassical growth model, per capita 

output is a function of per capita capital stock. Capital stock, the population 

growth rate, or both, can be affected by a natural shock. This capital stock can be 

also broadly defined to include human and social capital that are important in  

economic growth. Natural shocks will then affect the composition of the factors 

of production which will reflect the level of productivity. When natural disasters 

promote the adoption of new production technologies by local firms, we may 

expect that natural disasters will positively influence the growth of productivity 

at the local level. Replacing the damaged machines and other production 

facilities are examples of the adoption of new production technologies. However, 

when natural disasters destroy physical capital stock, that reduces the marginal 

productivity of labour (MPL) but labour demand increases, and then natural 

disasters will negatively affect economic growth. Most disasters cause many 

deaths and heavily injured people. This will affect the labour force. Once both the 

capital stock and the labour force decreases with a disaster, it is not clear what 

happens to the marginal product of labour. Using a simple Cobb-Douglas 

production function, this depends on the relative size of decrease of the capital 

stock and the labour force. For example, if the labour force decreases more than 

the capital stock, then the MPL will increase. These two possible effects mean that 

the total impact of natural disasters on the long-run economic growth can be 

positive or negative.  
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Chhibber and Laajay (2008) outline four possible scenarios of the long-run 

impact of natural disasters (see also Klomp and Valckx 2014).38 As our focus is on 

economic growth, we use the annual growth of Gross Domestic Regional Product 

(GRDP) rather than the level of GRDP (see Figure 4.1). This figure shows that all 

scenarios have the same rate of pre-disaster growth reflecting a normal growth 

path. It also shows the same short-term negative impact of the natural disaster in 

terms of a significant drop of economic growth. But some years after the disaster, 

the four scenarios show different growth patterns. 
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Source: Modified from Chhibber and Laajaj (2008) 

Figure 4.1 Four Scenarios of the Long-run Growth Impact of Natural Disasters 

 

The Scenarios A and B indicate that disasters only have a temporary impact on 

economic growth. In other words, the natural disasters only affect the short-run 

growth negatively. To be specific, in these scenarios the destruction of the capital 

                                                             
38 Martin (2012) also provides similar scenarios, although he uses the framework of 
regional resilience. 
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stock per worker will accelerate growth temporarily in the short run by 

increasing its marginal return because capital becomes relatively scarce, or 

because of a drop in capital-labour ratios. It then stimulates savings and 

investment inflows. Reconstruction programmes can increase the capital-labour 

ratio again. It should be noted that reconstruction investment in developing 

countries often takes a long time to implement owing to the problem of capacity 

constraints and also of excess demand for certain skills that are in limited supply. 

Massive temporary flows of external aid assistance can also accelerate economic 

growth, but it then stops and moves back to its normal growth path. 

Scenario C clearly shows that a natural disaster has a permanent impact 

on economic growth, whereby the new growth path is established at a lower 

level than the pre-disaster growth path. The reason is that the disaster has 

permanently reduced the stock of capital, as households and the private sector 

face difficulties in reinvesting. In Scenario D the replacement of capital with a 

better technology enhances the long-run growth rate of the economy. This 

scenario is also known as the Schumpeterian ‘creative destruction’, in which 

disasters provide an opportunity to update the stock of capital and adopt new 

technologies that can improve total factor productivity. 

As already mentioned, different types of disasters can create different 

scenarios. For instance, Chhibber and Laajay (2008) note that an earthquake is 

more likely to be associated with scenarios B or D, as this disaster is usually 

followed by considerable reconstruction which may trigger expansion, and 

eventually technological change. Meanwhile, drought corresponds to scenarios A 

and C because the loss is generally restricted to the annual and seasonal 

production. Drought can be related to D, for instance, only if this disaster leads to 

a major investment in irrigation or other drought-reducing technologies. But this 

scenario is less applicable for deadly drought that also reduces land fertility.  

Studies also show, however, that it is possible that different economic 

sectors tend to experience different impacts of the earthquake. Mehregan et al. 

(2012) find that the 2003 Bam earthquake in Iran had no negative impact on the 
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total employment of Bam County, but the growth varied among the major 

economic sectors. Laoyza et al. (2012) also find that earthquakes lead to higher 

industrial growth not only because a reduction of capital increases the marginal 

return on investment, but also because there is a growth boost from the demand 

for capital reconstruction. However, they note that severe earthquakes can result 

in opposite economic impacts. In addition, Von Peter et al. (2012) note that, 

although there were physical similarities between the Haiti and the New Zealand 

earthquakes in 2010, their economic impacts on the real economy were different 

due to the difference in their financial preparedness for dealing with natural 

disasters. 

The differences between economic sectors in responding to the shock can 

also be influenced by the sectoral composition of the economy (Groot et al. 2011; 

Ridhwan et al. 2014) and the linkages between these sectors in an economic 

system or by its supply and demand (see Laoyza et al. 2012; Dekle et al. 2014). As 

the affected regions are not closed economies, the shock may then have positive 

or negative spillover impacts on other areas, depending on the spatial linkages 

between the regions. For instance, Dekle et al. (2014) find that the decline in 

intermediate inputs produced in Tohoku largely explained the impact of the 

Tohuku earthquake on other regions. Therefore, the shocks to Tohuku caused by 

the earthquake are also propagated spatially to other regions. Using data of 

income and employment in counties/parishes in the states of Alabama, Lousiana, 

and Missisippi, Xiao and Nilawar (2013) also find a spatial demand shift from the 

core disaster area to the edge area, within 3 years of Hurricane Katrina. 

Overall, the disaster may also change the relative position of the local 

economy of the affected regions. Okuyama (2014) indicates that the Kobe 

earthquake in 1995 accelerated the hollowing-out process in the Kobe economy. 

Meanwhile, based on their study on the impact of two earthquakes in two Italian 

regions, Barone and Mocetti (2014) conclude that in the long term, the earthquake 

might exacerbate regional disparities in economic and social development. This 

reflects differences in total factor productivity mainly due to the differences in 
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the institutional setting between the two regions. Lazzaroni and Van Bergeijk 

(2014) also note that this institutional setting is one of important resilience factors 

that may influence the indirect costs of natural disasters. 

 

4.3 An Overview of the 2006 Yogyakarta Earthquake     

The Yogyakarta earthquake occurred on 27 May 2006 at 05:52 local time (or 26 

May 2006 at 22:54 GMT) with its epicentre in the Indian Ocean at about 33 

kilometres south of Bantul district in Yogyakarta province (Bappenas 2006; see 

also Figure 4.2). According to the Bappenas report, this earthquake, which was 

on the 5.9 on the Richter scale (or 6.3 according to the USGS), was one of the most 

costly natural disasters in the developing world. It affected five districts in 

Yogyakarta province and six districts in Central Java province (see Table 4.1). 

With regard to the size of the impact, Bantul, Klaten, Yogyakarta, Sleman, Kulon 

Progo, and Gunung Kidul were heavily affected by the earthquake. 

 

Source: 

http://img.static.reliefweb.int/sites/reliefweb.int/files/resources/76B03FA79A405D7B

8525718500585B24-usdep_EQ_idn010606.pdf 

Figure 4.2 The 2006 Yogyakarta Earthquake  



The Growth Impact of the 2006 Yogyakarta Earthquake  77 
 

Bappenas (2006) notes that these six districts are very densely populated with 4.5 

million inhabitants and most of the people in the affected areas are relatively 

poor especially in Bantul, Klaten, Kulon Progo and Gunung Kidul. In addition, 

the report also informs that most of the people in the affected areas, especially in 

Bantul and Klaten, share very similar characteristics and living conditions. Per 

capita income of the six affected districs is reported to be about 60% of the 

national average. Agriculture is not an important activity in the city of 

Yogyakarta as it is a high-density urban area. However, this sector still 

contributes more than 20% of regional GDP in other affected districts.  Other 

important sectors in these areas are (1) manufacturing, (2) trade, hotels, and 

restaurants, (3) financial services, and (4) other services. It is also important to 

note that Yogyakarta province is a major Indonesian centre of learning as it has a 

high concentration of schools and universities.   

 

Table 4.1 Human and Housing Impacts of the Yogyakarta Earthquake 

District Province Human Impact  Housing Impact 
Death 
Toll 

Injured 
 

 Totally 
Destroyed 

Damaged 
 

Bantul Yogyakarta 4,121 12,026  46,753 33,137 
Klaten Central Java 1,041 18,127  65,849 100,817 
Sleman Yogyakarta 240 3,792  14,801 34,231 
Yogyakarta (city) Yogyakarta 195 318  4,831 3,591 
GunungKidul Yogyakarta 81 1,086  15,071 17,967 
KulonProgo Yogyakarta 22 2,179  6,793 9,417 
Magelang Central Java 10 24  499 729 
Boyolali Central Java 4 300  715 825 
Sukoharjo Central Java 1 67  1,185 488 
Purworejo Central Java 1 4  144 760 
Wonogiri Central Java 0 4  23 70 
Source: Bappenas (2006: Table 2, Table A.1).      

 

According to Bappenas (2006), the scale of damage caused by this earthquake 

was larger than the damage caused by the Aceh tsunami in 2004, especially 

because the population densities in Yogyakarta and Central Java were higher 
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than in Aceh and even in Java as a whole. This earthquake caused damage and 

losses of Rp 29.1 trillion (US$ 3.1 billion) or 41% of regional GDP (see World 

Bank/GFDRR 2011). The reconstruction costs for the damage are estimated at Rp 

22.75 trillion (78% of the total) and the total economic losses at Rp 6.40 trillion 

(22% of the total) owing to the reduction in economic activity and in personal and 

family income. The most affected sector was the private sector (households and 

private companies). Housing was the sector most impacted by the earthquake. 

The Bappenas report notes that most of the affected houses were between 15–25 

years old, and less than 3% were houses of traditional design. The earthquake has 

had limited impact on public and private infrastructure.  

Based on the preliminary estimates, the reduction in economic activity was 

expected to cause around 130,000 job losses, equal to 4% of the total pre-

earthquake employment in the affected areas (Bappenas 2006: pp. 74–75). It 

should also be noted that home-based industries (small-medium enterprises) 

were concentrated in the areas affected by the earthquake, especially in Bantul, 

which had the largest decline in manufacturing sector activity (see World Bank 

2012; Resosudarmo et al. 2012). Several areas in the Central Java and Yogyakarta 

provinces are known as the centres of production for furniture, ceramics, 

handicrafts and batik. In short, considering its impacts, this earthquake was a 

large exogenous shock for Central Java and Yogyakarta province.   

It is interesting that the reconstruction in Java is noted to have procedeed 

faster than in Aceh and Nias after the Indian Ocean tsunami (World Bank 2007; 

see also Leitmann 2007). 2 years after the disasters in Aceh and Nias, 45% of the 

required houses had been rebuilt. Meanwhile, the percentage of houses 

completed in Central Java and Yogyakarta up to March 2007 was 52% (in 

Yogyakarta 62.5% and in Central Java 33%). This achievement can be attributed 

to several factors. First, the Yogyakarta earthquake did not sweep away 

functional materials, so they could be reused. Second, transitional housing 

provided material inputs for the reconstruction of permanent housing. Third, the 

capacity of the government and the condition of infrastructure were less severely 
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affected in Java than in Aceh and Nias. Fourth, prices of goods and services in 

Yogyakarta in the months after the earthquake were relatively stable. The 

mobility of goods and services from outside the region was facilitated by the 

relatively undamaged infrastructure and proximity to sources of labour and 

material inputs. These four factors are important explanations for the success of 

physical or infrastructure reconstruction. However, the Java Reconstruction Fund 

(JRF) reports that one year after the earthquake the economy of the region had 

not yet fully recovered as business activity was characterised by significantly 

lower production capacity, with sales falling far below the pre-earthquake levels 

(World Bank 2007). 

  

4.4 Investigating the Economic Impact of the Earthquake  

In order to investigate the economic impact of the Yogyakarta earthquake in 

2006, we focus on economic performance at district level in Central Java and 

Yogyakarta provinces since there were affected districts in these two provinces as 

already discussed in the previous section. These districts are Klaten, Bantul, 

Sleman, Klon Progo, Gunung Kidul, and Yogyakarta city. These two provinces 

consist of 35 districts and 5 districts, respectively, resulting in 40 districts in our 

data set. The economic performance is measured by real Gross Domestic 

Regional Product (GRDP at constant price 2000) compiled by the World Bank 

(The World Bank Indonesia Database for Policy and Economic Research).39 Data are 

available until 2012, but we will focus only on the period of 2000–2009 in order to 

isolate the impact of the earthquake from another shock in the following years. 

This other shock is the eruption of the Merapi volcano that is located close to 

Yogyakarta, in October-November 2010 that affected Klaten, Magelang, Boyolali 

and Sleman), killed 386 people, destroyed more than 3,000 houses, and caused 

losses and damage amounting to Rp 29.1 trillion or about US$ 403 million 

(Bappenas and BNPB 2011). 

                                                             
39 These data area available at http://data.worldbank.org/data-catalog/indonesia-
database-for-policy-and-economic-research. 
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For our empirical purpose, local economic performance is represented by 

the annual GRDP growth, instead of the growth of per capita GRDP or the level 

of GRDP, for several reasons. First, natural disasters rarely cause a significant 

decrease in the population (see Von Peter et al. 2012). The BPS data also confirm 

that there was no substantial change in the migration rate in the most affected 

province Yogyakarta.  Recent migration in this province was 11% in 2000 and 8% 

in 2010. Second, we need employment data if we want to measure the sectoral 

productivity. Unfortunately, data on the number of people employed at the 

district level based on the Labour Survey (SAKERNAS) are available only for 

2007–2012. In addition, as shown in Figure 4.3, the economic impact of the 

earthquake is more evident when we use annual growth of GRDP (Panel B) 

instead of the GRDP level (Panel A). We would probably see its impact on the 

GRDP level if we used quarterly data, but we only have annual data.   

 

.8

1

1.2

1.4

2000 2002 2004 2006 2008 2010 2012
year

AD NAD All

A. GRDP-Level (2005=1)

.7

.8

.9

1

1.1

2000 2002 2004 2006 2008 2010 2012
year

AD NAD All

B. GRDP-Growth (2005=1)
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All districts (40 districts). 

Figure 4.3 Growth of GRDP 



The Growth Impact of the 2006 Yogyakarta Earthquake  81 
 

Both GRDP level and growth in Figure 4.3 have been normalised using their 2005 

figure. We present the economic performance of three groups: all districts (40); 

the affected districts (6); and the non-affected districts (34). Note, as shown in 

Table 4.1, the earthquake largely affected six districts (Bantul, Klaten, Kulon 

Progo, Gunung Kidul, Sleman, and the city of Yogyakarta), so we treat them as 

the most affected districts. Bappenas (2006) also identified these districts as the 

heavily affected districts. Panel B suggests that the earthquake negatively 

affected GRDP growth, but there was a different response between the six 

affected districts and the rest of the districts. This indicates that the economic 

growth of Bantul, Klaten, Kulon Progo, Gunung Kidul, Sleman and Yogyakarta 

were more negatively influenced by the earthquake compared with the other 34 

districts. Compared with the 2005 growth, the decrease in the affected districts 

was quite large, almost 70% lower than the growth rate just before the 

earthquake. The pre-earthquake growth rate was almost restored in 2008, but it 

then dropped again in 2010. One possible reason is that this was caused by the 

Merapi eruption in 2010 that also had a negative impact on the local economy. It 

implies that to isolate the impact of the earthquake from the possible impact of 

the eruption we need to focus on the period before the eruption. Another 

possible explanation is the global financial and economic crisis in 2008/2009. 

However, it is probably not the case for Indonesia as there is no difference in 

industry growth between the pre-crisis period and the crisis period (see Monroe 

and Mirzaei 2016). 

Furthermore, the fact that the growth rate of the non-affected districts was 

also lower than their growth rate in 2005 indicates the possibility that there may 

have been a spatial spillover of the earthquake impact from the six affected 

districts to the other districts. Theoretically, non-affected districts could also have 

a positive spillover to the affected districts. It is then important to also investigate 

the spatial influence of the earthquake. We note that the most-affected province, 

Yogyakarta, contributes only about 10% of the total GRDP of Central Java and 

Yogyakarta provinces, but this province has some specific economic roles. The 

city of Yogyakarta is well known as a tourist destination (the second most 
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popular in Indonesia after Bali), and as the home of many universities. Other 

districts, especially Bantul, have many handicraft centres. Therefore, it is possible 

that the earthquake shock to districts in Yogyakarta province (and the Klaten 

district in Central Java) also negatively (or positively) affected the growth of 

other districts, especially their neighbours. Since we also focus on the sectoral 

growth, sectoral spillovers within a district also have to be investigated.   

 

4.4.1 The Inter-temporal Impacts 

The first aspect we aimed to investigate is the inter-temporal impact of the 

earthquake. In order to find out whether this disaster had a long-term economic 

impact, we employ a dynamic panel model, adopted from Von Peter et al. (2012), 

as follows: 

Yi,t = αi + ΣβjYi,t-j + ΣλkEQi,t-k + εit ,                           (4.1) 

where Yi,t is the annual GRDP growth of district i in year t; EQi,t is an earthquake 

dummy (1 for the six districts that were affected by the earthquake in 2006 for the 

year 2006, and 0 otherwise). The districts affected by the earthquake are Bantul, 

Klaten, Yogyakarta, Sleman, Gunung Kidul and Kulon Progo. The cumulative 

effect of the earthquake is (% GRDP) = (λ0+...+ λj) /(1–β1 –...–βk). This model will 

be estimated using panel district fixed effects40 with robust standard errors 

clustered by district not only for the growth of aggregate GRDP but also for the 

GRDP growth at the sectoral level for the period 2000–2009.  

First, we investigate the lag structure of the annual GRDP growth of the 

affected districts. Using the varsoc routine in STATA, we find that almost all of 

the annual growth at sectoral level of the six affected districts is 4 lags, except 

Trade, Hotels, and Restaurants in Klaten (3 lags) and total GRDP in Kulon Progo 

(2 lags). Therefore the optimal lag of the annual GRDP growth that we used is 4 

                                                             
40 We use fixed effects to control for the spatial heterogeneity among the districts. This 
spatial heterogeneity is related to, for instance, the difference in the geographical 
position (North Coast vs. South Coast, coastal districts vs. inland districts) or in the 
industrial stage of development (the three biggest economic centres based on GRDP per 
capita are Kudus, Semarang city, and Surakarta city) (See Brata 2009). 
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lags. Applying the same procedure to the earthquake variable, we find that we 

do not need a lag for this variable since its optimal lag is 0. This is in line with 

Figure 4.3 that shows that in 2007 the economic growth of the affected districts 

was already in the recovery process. The results are presented in Table 4.2. 

 

Table 4.2 The Inter-temporal Impacts of the Earthquake 
Sector _cons Lag 1 Lag 2 Lag 3 Lag4 Earth- 

quake 
2006 

Cum. 
effect 

R- sqr. Adj. 
R-
sqr 

N 

Agr 3.85*** –0.17** –0.17 –0.10 –0.07 0.21 0.14 0.10 0.08 200 

 (0.30) (0.06) (0.10) (0.06) (0.06) (0.87)     

Min 10.96*** –0.30* –0.35 –0.05 –0.43** 3.65 1.71 0.20 0.18 185 

 (2.43) (0.15) (0.19) (0.11) (0.13) (8.77)     

Man 5.14*** –0.02 –0.04 –0.07 –0.11 –3.49 –2.81  0.12 0.10 200 

 (0.70) (0.06) (0.07) (0.07) (0.07) (2.41)     

Util 9.34*** –0.12 –0.20* –0.13 –0.03 –4.20* –2.84 0.13 0.11 200 

 (1.48) (0.08) (0.09) (0.09) (0.07) (1.78)     

Con 8.86*** –0.01 –0.08 –0.31*** –0.06 9.33* 6.39 0.30 0.28 200 

 (1.64) (0.10) (0.10) (0.06) (0.09) (4.29)     

Trade 5.12*** –0.07 –0.03 –0.01 0.07 –1.73** –1.66 0.10 0.08 200 

 (0.55) (0.09) (0.07) (0.04) (0.04) (0.60)     

Tran 7.33*** –0.02 –0.03 –0.18* –0.19** –1.14 –0.80 0.11 0.08 200 

 (0.78) (0.11) (0.07) (0.07) (0.06) (1.59)     

Fin 6.29*** –0.07 –0.07 0.01 –0.04 –7.60*** –6.50 0.34 0.33 200 

 (0.62) (0.06) (0.06) (0.06) (0.09) (1.88)     

Other 5.32*** 0.18** –0.10 0.01 –0.05 0.18 –0.19 0.07 0.04 200 

 (0.55) (0.06) (0.07) (0.04) (0.04) (0.33)     

GRDP 3.27*** 0.18** 0.07 0.09 –0.03 –1.18** –1.71 0.14 0.12 200 

 (0.36) (0.06) (0.08) (0.09) (0.05) (0.42)     

Notes: The panel data covering 40 districts between 2000 and 2009. Agr (Agriculture), 
Min (Mining and Quarrying), Man (Manufacturing), Util  (Utilities), Con (Construction), 
Trade (Trade, Hotels and Restaurants), Trans (Transportation and Telecommunication), 
Fin (Financial Services), Other (Other Services),  GRDP (Total GRDP including oil and 
gas).  The dependent  variable is the annual growth of GRDP of the respective sector. 
Two districts (Magelang city and Pekalongan city) have no output from the Mining and 
Quarrying sector. Robust standard errors are in parentheses (clustered by district).  
* significant at the 5% level; ** significant at the 1% level; *** significant at the 0.1% level. 
The cumulative effect of the earthquake is (% GRDP)= (λ0+...+ λj) /(1–β1 –...–βk). 
 
 

The results show that the earthquake had a significantly negative impact on the 

aggregate output (see row GRDP). At the time of the earthquake, this natural 
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disaster made growth in the six affected districts 1.18% points lower than in non-

affected districts (Lag 0 of the earthquake variables). The cumulative growth 

effect of the earthquake on the aggregate output is –1.71%, which suggests that, 

overall, the earthquake had a negative impact on the growth of the aggregate 

output of the affected districts. 

Looking at the sectoral level, the results show that there was also 

heterogeneity in the response to the earthquake across different sectors. At the 

time of the event, the earthquake negatively and significantly influenced the 

growth of financial, utilities, and trade, hotels and restaurants sector in the six 

affected districts. The construction sector received a positive influence from the 

earthquake in the year of the event, and it was statistically significant, indicating 

that there was an economic benefit from the rehabilitalion and reconstruction.  

According to Bappenas (2006), housing and public utilities are priorities for the 

first two years while the revitalisation of the local economies is expected to be 

finished at the end of 2008. The earthquake shows a negative effect on the 

manufacturing growth, but its coefficient is statistically insignificant.  Based on 

the cumulative effects, the three most negatively affected sectors were financial 

services, utilities, and manufacturing. On the other hand, the construction sector 

received the largest positive cumulative effect. The cumulative effect on the 

mining and quarrying sector is probably also related to the large positive effect of 

the earthquake on the construction sector. Meanwhile, the cumulative effects on 

agriculture and other services are close to zero, indicating that these sectors were 

relatively unaffected by the earthquake.  

To sum up this part, the findings confirm previous studies on the impact 

on growth of natural disasters (see, e.g., Laoyza et al. 2012). Specifically, first, the 

results show that a natural disaster can negatively affect economic growth 

specifically at the time of the event, especially for districts that were directly 

affected by the earthquake. Second, the results also confirm the negative 

consequences of a severe natural disaster. It should be recalled that the 2006 

earthquake has been categorised as a large natural disaster in Indonesia, and we 



The Growth Impact of the 2006 Yogyakarta Earthquake  85 
 

estimate the earthquake impacts on the economy at the sub-national level that 

make more nuanced impacts. Third, different sectors have tended to respond to 

natural disasters differently. As indicated by the cumulative impacts, the 

earthquake had no negative impacts on the primary sectors (the impact was even 

positive). But this earthquake had strong negative effects on the secondary and 

services activities. In other words, the non-primary sectors are more vulnerable 

to earthquakes than the primary sectors. Fourth, the results generally show that 

scenario A and scenario B of the impacts of the earthquake are the most likely for 

the affected districts (see Figure 4.1). The results also indicate the temporary 

impact of the earthquake suggesting that there was a chance for the economies of 

the affected districts to return to their pre-earthquake growth path.   

 

4.4.2 The Sectoral Spillover Impacts  

The previous section discussed the temporal impact of the earthquake on 

economic growth over different sectors, showing the existence of sectoral 

heterogeneity responses to the earthquake. In this context, the sectoral 

heterogeneity basically means that growth behaviour is not the same in every 

sector.  It may then be important to further analyse the possible sources of this 

heterogeneity.  

In order to investigate this heterogeneity, we can use a general framework, 

emphasising that natural disasters may affect the demand for, or supply of the 

output of a specific sector. For instance, reconstruction programmes certainly 

may have positive influence on the growth of the construction sector, but 

probably also have an impact on the mining and quarrying sector, as the latter 

provides some of the housing materials. Another example is that the damage to 

production facilities in the manufacturing sector will reduce the demand for 

energy or other utilities. This means that inter-sectoral linkages may have an 

influence on the responses to the earthquake. So this is one of the possible 

sources of the sectoral heterogeneity in response to the earthquake. However, it 

should be noted that the negative relationship between sectors may also reflect 
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substitution effects, especially between traditional and non-traditional sectors. 

Generally, traditional sectors, especially agriculture tend to lose their role as 

modern sectors become more prominent; but these traditional sectors can play a 

role as a buffer against shocks that hit the local economies. 

To investigate this inter-sectoral relationship, ideally we should have data 

such as a regional Input-Output matrix. As we do not have this type of data, we 

choose to use a simple model. The model is based on the hypothesis that the 

growth of a certain sector is also influenced by the growth of other sectors 

measured by the total output of other sectors. For instance, the annual growth of 

the service sector can be affected by the fluctuation in manufacturing output. 

This type of approach has been used in Groot et al. (2011) on the crisis sensitivity 

of local economies in Europe. In addition, focussing on the regional heterogeneity 

of the impact of monetary policy in Indonesia, Ridhwan et al. (2014) determine 

the role of cross-regional industrial composition (as represented by the share of 

manufacturing output).  The panel model is formulated as follows: 

Ys,it = αi + βYns,it+ λEQit+εit  ,                       (4.2) 

where Ys,it is annual GRDP growth of sector s of district i in year t;Yns,it is annual 

GRDP growth, excluding sector s of district i in year t; EQit is a time dummy for 

the earthquake (1 for the six affected districts from 2006 until 2009, 0 otherwise). 

Note that the model is applied for GRDP at the sectoral level only for the period 

of 2000–2009. The results using panel district fixed effects with robust standard 

errors clustered by district are presented in Table 4.3. 

The table shows that the two sectors whose annual growth was 

significantly influenced by the growth of other sectors were agriculture and 

trade, hotels and restaurants. In other words, these sectors were highly sensitive 

to the growth of other sectors.  The negative impact of the growth of other sectors 

on agricultural growth reflects a substitution effect between the agricultural and 

non-agricultural sector. Therefore, when other sectors experienced negative or 

slow growth, agriculture received a positive spillover. This reveals that 

agriculture can play a role as a buffer sector. This is not surprising, as it indicates 
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the common response in developing countries. The positive coefficient of the 

earthquake on the growth of trade, hotels and restaurants indicates the role of 

this sector in supporting other sectors. With regard to the earthquake, the only 

sector in the affected districts that had large growth after the earthquake was 

construction. This indicates the benefits of post-earthquake reconstruction 

activities. However, looking at the interaction variable, we can say that the 

recovery of other sectors tended to decrease the post-earthquake growth of the 

construction sector in the affected districts. 

 

Table 4.3 The Sectoral Spillover Impacts of the Earthquake 

Sector 
 
 

Constant 
 
 
 

Growth of 
other sectors 

 
 

Earthquake 
 
 
 

Interaction 
(Growth of 

other sectors 
X Earthquake) 

R- 
sqr. 

Adj. 
R- 

sqr. 

N 
 
 
 

Agr     5.42***  –0.66* 1.16 –0.03 0.05 0.05 360 
   (1.27)  (0.26) (3.03)   (0.68)     

Min 2.76*  0.35      22.87 –3.63 0.07 0.06 333 
   (1.35)  (0.31)     (14.94)   (3.01)     

Man     5.23***        –0.22 6.72 –1.95 0.10 0.09 360 
   (0.49)  (0.11) (4.40)   (0.98)     

Util     7.81*** –0.19    –15.31   2.79 0.03 0.02 360 
   (1.42)   (0.33) (8.09)   (1.82)     

Con     5.66***   0.11    21.61***      –5.43*** 0.23 0.23 360 
(1.50)   (0.36) (3.46)   (0.60)     

Trade     2.72***       0.42***        1.41 –0.26 0.10 0.09 360 
   (0.43)  (0.10) (2.52)   (0.61)     

Trans     5.77***        –0.10      –7.09   1.55 0.02 0.01 360 
   (0.66)  (0.16)       (3.69)   (0.91)     

Fin     5.70***        –0.09     –13.11   2.51 0.08 0.07 360 
   (0.55)  (0.13)  (6.87)   (1.60)     

Other     5.36***        –0.05      –3.22   0.59 0.00 <0 360 
     (1.23)  (0.29)  (1.88)   (0.40)     
Notes: The panel data covering 40 districts between 2000 and 2009. Agr (Agriculture), 
Min (Mining and Quarrying), Man (Manufacturing), Util  (Utilities), Con (Construction), 
Trade (Trade, Hotels and Restaurants), Trans (Transportation and Telecommunication), 
Fin (Financial Services), Other (Other Services),  GRDP (Total GRDP including oil and 
gas).  The dependent  variable is the annual growth of GRDP of the respective sector. 
Two districts (Magelang city and Pekalongan city) have no output from the Mining and 
Quarrying sector. Robust standard errors are in parentheses (clustered by district).  
* significant at the 5% level; ** significant at the 1% level; *** significant at the 0.1% level.   
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4.4.3 The Spatial Spillover Impact  

So far, we have not investigated the spatial spillover from the affected districts to 

the non-affected districts. As already noted, this earthquake was a large natural 

disaster, so it could indirectly affect other districts, especially those which share a 

border with the most affected districts. It is then interesting to find out whether 

there was a spillover impact from the affected districts, especially to their 

neighbouring districts. We will estimate this following panel model: 

Yit = αi + βYad,t+ δBorderit + εit  ,                       (4.3) 

where Yit is the annual GRDP growth of sector s of non-affected district i in year 

t; Yad,it is the annual growth of total GRDP of the six affected districts in year t; 

Border is a dummy variable for non-affected districts that share administrative 

borders with the most affected districts. This dummy variable takes the value 1 

for these districts from 2006 until 2009, and 0 otherwise. Coefficient β captures 

the impact of the spillover from the affected districts to their neighbours. A 

positive sign of this coefficient indicates that there was a complementary 

relationship between the affected and non-affected districts. Meanwhile, a 

negative sign can be interpreted as evidence of a substitution relationship 

between the two groups. This type of dummy variable has also been used in Xiao 

and Nilawar (2013) to investigate the spatial demand shift from the core areas 

affected by Katrina to the edge areas. Coefficient δ also reflects the indirect 

impact of the earthquake on the non-affected districts that share borders with the 

most affected districts. Looking at the administrative map of Java, we can 

identify five districts that share their border with the affected districts. They are 

Boyolali, Magelang, Purworejo, Sukoharjo, and Wonogiri. The expectation is that 

these five districts had different growth behaviour, which reflects the possibility 

of spatial spillover from their neighbours that were largely affected by the 

earthquake. The results using panel district fixed effects with robust standard 

errors clustered by district for the period of 2000–2009 are presented in Table 4.4.  
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Table 4.4 The Spatial Spillover Impacts of the Earthquake (A) 

Sector Constant Growth 
of total 
GRDP 
of the 

affected 
districts 

Border R- 
squared 

Adj. R- 
squared 

 N 

Agr 1.12 0.30 1.08 0.00     <0  306 

 (2.00) (0.46) (0.84)     Min  6.09*     –0.21 1.26 0.00     <0  279 

 (2.68) (0.61) (1.41)     Man      5.13*** –0.18 0.68 0.01 0.00  306 

 (1.18) (0.27) (0.78)     Util    13.54*** –1.55*    –3.05 0.02 0.02  306 

 (2.87) (0.64) (1.58)     Con   11.16*** –1.19*    –0.39 0.02 0.01  306 

 (2.47)  (0.56) (0.51)     Trade     3.71*** 0.15 1.05 0.02 0.01  306 

 (0.85) (0.19)  (0.58)     Trans     6.51***     –0.31    –0.55 0.00     <0  306 

 (1.30)  (0.30)  (0.52)     Fin     4.33***  0.17    –0.07 0.00     <0  306 

 (0.97)  (0.22)  (0.58)     Other      7.61***     –0.56 1.00 0.01     <0  306 

 (1.66)  (0.38) (0.82)     GRDP     3.68***  0.12     1.00*** 0.03  0.03  306 

 (0.58)  (0.13) (0.21)     Notes: The panel data covering 40 districts between 2000 and 2009. Agr (Agriculture), 
Min (Mining and Quarrying), Man (Manufacturing), Util  (Utilities), Con (Construction), 
Trade (Trade, Hotels and Restaurants), Trans (Transportation and Telecommunication), 
Fin (Financial Services), Other (Other Services),  GRDP (Total GRDP including oil and 
gas). The dependent  variable is the annual growth of GRDP of the respective sector. 
Two districts (Magelang city and Pekalongan city) have no output from the Mining and 
Quarrying sector. Robust standard errors are in parentheses (clustered by district).  
* significant at the 5% level; ** significant at the 1% level; *** significant at the 0.1% level.   
 
 

The results indicate that there was no statistically significant relationship 

between the growth rate of the aggregate GRDP of the non-affected districts and 

the growth rate of the affected districts (see, row GRDP). But the Border dummy 

variable shows a statistically significant positive coefficient, which indicates the 

positive spatial impact from the affected districts on their neighbours. At the 

sectoral level, we see that there were also substitution relationships between the 
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affected districts and the non-affected districts. This substitution effect (indicated 

by a negative coefficient) is statistically significant for the utilities and 

construction sectors. Meanwhile, there was no difference in sectoral economic 

growth between districts that are neighbours of the affected districts and other 

districts.   

 

Table 4.5 The Spatial Spillover Impacts of the Earthquake (B) 
 

Sector Constant Growth 
of  GRDP 

of the 
respective 

sector 
of the 

affected 
districts 

Border R- 
squared 

Adj. R- 
squared 

N 

Agr      1.31**  0.41* 0.40 0.03 0.02 306 

    (0.43) (0.15) (0.86)    Min 4.71***  0.13* 0.95 0.01 0.01 279 

    (0.27) (0.06) (1.37)    Man 4.33*** 0.00 0.75 0.01    <0 306 

    (0.20) (0.06) (0.82)   
 Util 4.86***   0.25**    –1.49 0.04 0.03 306 

    (0.63)       (0.08) (1.61)    Con 5.81*** 0.02    –0.01 0.00    <0 306 

    (0.32)       (0.04) (0.51)    Trade 2.86***   0.31** 1.00 0.03 0.03 306 

    (0.54)       (0.11) (0.55)    Trans     6.37***       –0.18*    –0.63 0.01 0.01 306 

    (0.54) (0.08) (0.53)    Fin      4.88*** 0.04    –0.06 0.00    <0 306 

    (0.17) (0.03) (0.58)    Other 3.66*** 0.37 1.22 0.02 0.01 306 

    (0.98) (0.24) (0.85)    GRDP 3.68*** 0.12      1.00*** 0.03 0.03 306 

    (0.58) (0.13) (0.21)    Notes: The panel data covering 40 districts between 2000 and 2009. Agr (Agriculture), 
Min (Mining and Quarrying), Man (Manufacturing), Util  (Utilities), Con (Construction), 
Trade (Trade, Hotels and Restaurants), Trans (Transportation and Telecommunication), 
Fin (Financial Services), Other (Other Services),  GRDP (Total GRDP including oil and 
gas). The dependent  variable is the annual growth of GRDP of the respective sector. 
Two districts (Magelang city and Pekalongan city) have no output from the Mining and 
Quarrying sector. Robust standard errors are in parentheses (clustered by district).  
* significant at the 5% level; ** significant at the 1% level; *** significant at the 0.1% level.   



The Growth Impact of the 2006 Yogyakarta Earthquake  91 
 

Replacing the growth of the total GRDP of the affected districts with their 

sectoral growth gives different results (Table 4.5). As we can see, there were 

statistically significant relationships between the growth of agriculture, mining 

and quarrying, utilities, trade, hotels and restaurants, and transportation and 

telecommunication of the non-affected districts, on the one hand, and the growth 

of the same sector of the affected districts, on the other. These relationships were 

positive, except for transportation and telecommunication, which suggests the 

complementarity relationships between the two groups of districts. However, as 

in Table 4.4, there was no evidence of a difference in post-earthquake sectoral 

growth between the neighbours of the affected districts and those of other 

districts.  

 

4.4.4 The Overall Impact of the Earthquake on Economic Growth  

We have discussed some aspects of the impacts of the earthquake. The findings 

may raise a further question regarding whether the earthquake changed the 

relative position of the affected districts in the spatial system of economic 

activity. The answer to this question will basically reflect the overall impact of the 

earthquake on the affected districts that probably also influenced the non-

affected districts.  

To describe this overall impact, we compare the pre- and post-earthquake 

economic growth of the two groups of districts at the sectoral level. The pre-

earthquake growth is the average annual growth between 2001 and 2005, while 

the post-earthquake growth is the average annual growth between 2006 and 

2009. We then relate these growth rates to their initial comparative advantage 

level measured by the location quotient (LQ)41 for the respective sector.  LQ is an 

                                                             
41 We used this formula: LQs,i,t= (GRDPs,i,t / GRDPi,t) / (GRDPr,i,t / GRDPrt), where s is the 
sector; i is the district (or local economy); t is the year; and r is the reference area or total 
Yogyakarta province and Central Java province (40 districts). The result of this formula 
is also referred to as a coefficient of specialisation. An LQ of 1.0 in manufacturing, for 
example, means that the district and the province have an equal sector share in mining. 
An LQ of 1.8 in agriculture means that the district has an 80% higher share in agriculture 
than the province.   
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analytical statistic that measures a region’s industrial specialization relative to a 

larger geographic unit. It is used in spatial economics to measure the ‘revealed’ 

locational advantages of certain regions to attract and develop certain industries 

(Hoen and Oosterhaven 2006). On the one hand, a sector with a high LQ has a 

chance to grow faster than other sectors. However, if the sector also makes an 

important contribution to the local economy, it will be more vulnerable to natural 

disasters that shock the local economy.  It implies that it is also important to have 

a focus on sectors that not only have a high LQ but also make a large contribution 

to the local economy. This contribution can be reflected by the size of the sector. 

When considering this issue we weight the growth variable by the economic size 

(GRDP) in 2005 and 2009 for, respectively, the pre-and post-earthquake period. 

Figure 4.4 presents the change of economic growth at sectoral level for the two 

groups of districts.  

In Figure 4.4, Panel A (the affected districts) shows that the sectors that 

had a high initial comparative advantage generally tended to have a high annual 

growth during the pre-and post-earthquake period. The most important sectors 

in the affected districts based on their contribution to the local economy, as 

indicated by their economic size were: agriculture, manufacturing, trade, hotels 

and restaurants, and other services, although their comparative advantage was 

relatively low, except for other services. The annual growth of the manufacturing 

sector dropped from 4% to about 1%, but its economic size was relatively stable. 

This figure confirms previous analysis on the temporal impacts: that is the 

earthquake had a significant impact on the growth of the manufacturing 

industries, especially the home-based industries that were concentrated in this 

affected area.  
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Notes: Panel A: 6 affected districts. Panel B: 34 non-affected districts. Sectoral codes: 1. 
Agriculture, 2. Mining and Quarrying, 3. Manufacturing, 4. Utilities, 5.  Construction, 6. Trade, 
Hotels and Restaurants, 7. Transportation and Telecommunication, 8. Financial Services,  9. Other 
Services. Periods: before the earthquake (b); and after the earthquake (a). Average annual growth 
of GRDP: before the earthquake (2001–2005), after the earthquake (2006–2009). Location quotient: 
before the earthquake (2000), after the earthquake (2005). Weight variable:  before the earthquake 
(GRDP in 2005), after the earthquake (GRDP in 2009). Arrow (→) : from before to after. 

Figure 4.4 The Overall Impact on Local Economic Growth 
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We also see that the growth rate of the financial sector was negatively affected by 

the earthquake. In contrast, the figure shows that the post-earthquake growth 

rate of the agricultural sector was slightly larger than its pre-earthquake growth. 

This may indicate that agricultural activities had a positive contribution in 

absorbing the negative impacts of the earthquake on the other sectors. 

Meanwhile, there were no significant changes in the annual growth of trade, 

hotels and restaurants, and other services, as well as in their economic size. In 

other words, the important sector that was negatively affected by the earthquake 

was manufacturing, while trade, hotels and restaurants, and other services 

survived at their pre-earthquake growth level. 

Looking at Panel B (the non-affected districts) in Figure 4.4, we do not find 

evidence that the sectors with a strong revealed comparative advantage tended 

to grow faster than other sectors. For instance, the pre-earthquake annual growth 

of manufacturing and financial services was relatively stable at 5.5%. Three 

important sectors in the non-affected districts were agriculture, manufacturing, 

and trade, hotels and restaurants. The post-earthquake growth of agriculture was 

slightly larger than its pre-earthquake growth, while the opposite trend occurred 

in the manufacturing sector. Another important sector: namely, trade, hotels and 

restaurants did not show a significant change in its annual growth. All sectors 

with low comparative advantages showed an increase in their annual growth.  

In order to check whether the growth changes were related to the 

earthquake, we need to compare the two groups of districts. We have identified 

that the most important sectors for the affected districts were agriculture, 

manufacturing, trade, hotels and restaurants, and other services. Three of them 

were also important for the non-affected districts (agriculture, manufacturing, 

and trade, hotels and restaurants). The growth trend of these important sectors 

was also relatively stable. The difference was only in terms of the rate of change 

in growth between the two periods. For instance, the annual growth of 

manufacturing in the affected districts dropped by 3 percentage points (from 4% 

to 1%), while the decrease in the annual growth of the same sector in the non-
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affected districts was 1.7 percentage points (from 5.5% to 3.8%). Meanwhile, the 

annual growth rate of agriculture in the non-affected districts and the affected 

districts changed from 2.5% to 3.5% and from 2.3% to 3.7%, respectively. These 

figures suggest that the increase of agricultural growth and the decrease of 

manufacturing growth were caused by the earthquake and other factors. To be 

precise, the earthquake accelerated the decrease of manufacturing growth and 

the increase of agricultural growth in the affected districts. At the same time, the 

earthquake had no impact on the growth of trade, hotels and restaurants in both 

the affected districts and in the non-affected districts. One of the possible reasons 

for the slow growth of manufacturing was the global financial and economic 

crisis in 2008/2009. The most-affected industries were textiles, clothing and 

footwear, for instance, those in Pekalongan city, one of the important producers 

of textiles/batik in Central Java. The growth of these industries  slowed down as a 

result of their weakened export demand and the increasing price of imported 

cotton (see Yusrina and Akhmadi  2013).42   

Based on our analysis, the general conclusion is that the earthquake did 

affect the growth of some sectors in the affected districts, but this shock did not 

change the (industrial) structure of the local economy. The post-earthquake 

growth of some important sectors tended to be smaller than the pre-earthquake 

growth, which partially reflects the impact of the earthquake. However, it is 

important to note that after the earthquake all sectors still had positive growth, 

which indicates the existence of a recovery processes. As a result, the earthquake 

did not change the spatial distribution of economic activities between the affected 

districts and the non-affected districts.   

 

4.5 Conclusion  

The focus of this chapter has been on the local growth impacts of the Yogyakarta 

earthquake in 2006. We identified some important findings based on our 

                                                             
42  This issue is beyond the scope of this chapter. 
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empirical analysis using output data at the sectoral level for 40 districts in the 

provinces of Yogyakarta and Central Java.  

Investigating the temporal impact of the earthquake, we find that different 

sectors have tended to respond to natural disaster differently. In particular, the 

non-primary sectors were more vulnerable to the earthquake than the primary 

sectors. This finding indicates that there was a chance for the economy of the 

affected districts to return to their pre-earthquake growth path.  

With regard to the spillover impact of the earthquake across the sectors, 

our estimates show that different sectors had different sensitivity to the 

fluctuation of other sectors. We find that the most sensitive sectors were 

agriculture and trade, hotels and restaurants. However, focussing on the affected 

districts we find that the most sensitive sector was construction, as the recovery 

of other sectors reduced the growth of the construction sector, which suggests the 

temporary benefit of the reconstruction and rehabilitation programmes.  

We have also investigated the spatial impact of the earthquake from the 

affected districts to the non-affected districts. There were spatial spillover effects 

mostly in the form of complementary relationships between the affected districts 

and the non-affected districts. The post-earthquake aggregate growth of the 

neighbours of the affected districts tended to higher than that of other districts, 

but there was no difference at the sectoral level.  

Overall, the earthquake did affect the growth of some sectors in the 

affected districts, but this shock did not change the (industrial) structure of the 

local economy. All sectors still had positive growth some years after the 

earthquake, which indicates the existence of the recovery processes. In other 

words, the earthquake did not change the spatial distribution of economic 

activities between the affected districts and the non-affected districts.    
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CHAPTER 5   ───────────────────── 

 

Shaking Up the Firm’s Survival:  

Evidence from Yogyakarta (Indonesia) 

 

  

 

5.1 Introduction 

The survival of the fittest firms related to changes in the business environment 

caused by exogenous shocks, such as recessions and natural disasters, may be 

explained using economic Darwinism (see, e.g., Nishimura et al. 2005). The 

natural selection mechanism of Darwinism leads to efficient resource allocation, 

whereby firms with low performance are forced of the market while productive 

ones survive. In other words, exogenous shocks can give ‘cleansing effects’ as the 

shocks clean out unproductive firms so available resources can be allocated for 

the remaining more productives ones  (see Caballero and Hammour 1994). 

However, the shocks may also force out potentially good young firms, which will 

lower the average productivity of industry. This is known as the ‘scarring effects 

of shock’ (Ouyang 2009). Therefore, the  overall impact of exogenous shocks on 

the allocation of resources depends on the relative magnitude of cleansing and 

scarring effects.  

 This chapter aims to investigate whether the natural selection mechanism 

worked after the Yogyakarta earthquake in 2006, specifically in the 

manufacturing sector in the province of Yogyakarta. There are two main reasons 

that specifically motivate this study. First, the Yogyakarta earthquake in 2006 is 

one of the most recent large natural disasters in Indonesia. The scale of damage 
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by this earthquake is larger than the damage in Aceh caused by the Indian Ocean 

tsunami in 2004, especially because the population densities in Yogyakarta and 

Central Java are higher than in Aceh and even in Java (Bappenas 2006; 

Resosudarmo et al. 2012). It killed more than 5,700 people and damaged 

thousands of houses. The most affected were households and private companies. 

Based on the gross regional domestic product (GRDP), manufacturing was one of 

the most affected sectors in Yogyakarta province and its growth in 2009 was still 

lower than the growth rate in 2005 (Table 5.1). 

 

Table 5.1 Growth of Gross Regional Domestic Product in Yogyakarta Province (%) 

Sector 2004 2005 2006 2007 2008 2009 
Financial service 6.51 8.17 –1.93 6.49 5.82 6.11 
Utilities 6.99 5.71 –0.17 8.45 5.53 6.10 
Manufacturing 3.25 2.60 0.73 1.89 1.37 1.88 
Mining and quarrying 0.84 1.57 3.11 9.69 –0.02 0.30 
Trade, hotels and restaurants 5.86 5.04 3.62 5.06 5.26 5.43 
Agriculture 3.55 4.35 3.80 0.80 5.72 3.37 
Other services 2.61 2.49 4.04 3.61 4.94 4.49 
Transportation and telecommunication  10.10 5.76 5.28 6.45 7.12 5.96 
Construction 9.04 8.61 13.28 9.66 6.09 4.64 
Total GRDP 5.12 4.73 3.70 4.31 5.03 4.43 
Source: INDODAPOER (Indonesia Database for Policy and Economic Research). 

 

Second, the impact of the 2006 earthquake on firms in the affected districts is still 

rarely studied. The only study is Resosudarmo et al. (2012) that focusses on the 

determinants of the recovery of small and medium-sized enterprises, and in 

particular the role of aid in the recovery process after the earthquake. Using a 

panel firm-level survey in Bantul District, they find that smaller enterprises are 

more resilient and are able to recover faster. Furthermore, affected firms are 

usually able to compete effectively with firms not affected by the earthquake, but 

only when there is no mis-targeting of aid delivery (i.e. unaffected firms do not 

receive aid). Another study is Parinduri (2014) who focusses on the impact of 

family hardships, including natural disasters, on the growth of micro and small 
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firms, in terms of assets, by using the Indonesia Family Life Survey (IFLS) from 

2000. The finding is that the hardship slows down the growth of the firms or 

reduces their assets. It implies that, if the firms cannot cope with naturally 

occurring shocks, their likelihood to survive will decrease, which suggests the 

importance of the public policy to help firms which are facing severe family 

hardship. Our study contributes to adding knowledge on the impact of natural 

disasters on firm survival, specifically in developing countries.   

The study uses data on medium-sized and large manufacturing firms 

collected by the Indonesian Statistical Agency (BPS). This manufacturing data has 

also been used in some studies on the impact of another type of shock on the 

performance of the manufacturing sector in Indonesia, viz. the East Asian 

economic crisis (Hallward-Driemeier and Rijkers 2013; Poczter et al. 2014; and 

Narjoko 2014).  

The main finding of this chapter is that firms that had higher productivity 

prior to the earthquake in 2006 were more likely to survive after the earthquake, 

which suggests the existence of a natural selection mechanism, especially its 

cleansing effects. But we do not find evidence of the scarring effects of the 

earthquake on the new entrants.  

 

5.2 Literature Review 

According to the concept of natural selection embedded in ‘economic 

Darwinism’, exogenous shocks will force out inefficient firms and free available 

resources for the remaining more productive ones and lead to efficient resource 

allocation (see, e.g., Nishimura et al. 2005). Unproductive firms are more 

vulnerable to negative external shocks since shocks can decrease the firms’ 

performance below a specific critical threshold that is known as ‘the destruction 

threshold’ (see Barlevy 2002). Once their productivity is below the threshold, 

firms are forced out from the market. In contrast, surviving firms will be more 

productive compared with their pre-shock performance, while new efficient 

firms will enter the market, as long as shocks do not significantly reduce the 
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market demand. Potential entrants may choose to enter an industry since 

competition in the direct aftermath of the shock is relatively weak (see Caballero 

and Hammour 1994). The new entrants may play an important role since they are 

usually expected to have new technology, as explained by the traditional vintage 

models of technological change (Dwyer 1998; and see also De Groot et al. 2004 for 

the development of a vintage model in the context of endogenous growth 

theory). Therefore, natural selection processes that are similar to the cleansing 

effects that are based on the Schumpeterian creative destruction process (see 

Caballero and Hammour 1994) will improve aggregate industry productivity.  

 In contrast, Barlevy (2002) mentions that, while economic shocks like 

recessions can accelerate the destruction of unproductive firms, they can also 

repress the most efficient firms. This implies that shocks do not necessarily 

support improving allocative efficiency and reducing slack in the economy. 

Barlevy refers to this as the ‘sullying effect’. Ouyang (2009) also argues that 

recessions that destroy infant businesses scar the economy by preventing new 

and innovative businesses from reaching their full potential. In other words, it is 

possible that the plants that are suffering most during the crisis are infant plants. 

The reason for this effect is that young firms must exit from the market during 

the recession before they can demonstrate their own quality. During good times, 

a potentially good firm would have survived. The exit of promising firms then 

reduces the proportion of good firms both in the present time and in the future 

because potentially good young firms were forced to leave. It then will lower 

average productivity. Ouyang defines this impact as a ‘scarring effect’. Therefore, 

the overall impact of economic shocks like recessions on the allocation of 

resources depends on the relative magnitude of cleansing and scarring effects 

(Ouyang 2009).  

Some studies have also recently investigated natural selection processes 

related to natural shocks that have affected industries. Focussing on firm exit 

after the Tohuku earthquake in 2011 and the Kobe earthquake in 1995, Uchida et 

al. (2014) find that more efficient firms are less likely to go bankrupt both inside 
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and outside the affected areas, which indicates the existence of natural selection. 

But, by comparing the firms inside and outside the affected areas, they also find 

that the firms inside the affected areas are less likely to go bankrupt than those 

located outside, which suggests that damage from the earthquake actually 

decreased firm exit. They also state that this behaviour is probably related to the 

role of aid for damaged firms or firms in the affected areas. The impact of the 

1995 Kobe earthquake on firms, specifically on the survival of manufacturing 

plants and their post-earthquake economic performances, is also investigated by 

Cole et al. (2015). Their finding is that the probability of a firm surviving is 

negatively correlated to the level of damage a plant has experienced, but this 

effect diminishes over time. Interestingly, there is also some indication of a 

creative destruction effect, as plants that survived but were more severely 

damaged tended to show productivity improvements. Several possible 

mechanisms driving the positive impact of the earthquake on productivity are: (i) 

a reduction in the ratio of workers to capital inputs and output; (ii) a reduction in 

the ratio of capital to labour inputs and output; or (iii) an increase of the ratio of 

capital to labour input. These results may also reflect what is known as 

technological adjustment in vintage models. Tanaka (2015) also studies the 

impact of the Kobe earthquake in 1995 on firm performance. He does not focus 

only on firm survival, but also shows that surviving firms are significantly larger 

than exiting firms in terms of employment, capital, and value added, which 

suggests that smaller firms were more likely to exit due to the earthquake.  

Still another study conducted by Fabling et al. (2014) focusses on the 

impact of the Canterbury earthquakes in New Zealand in September 2010 and 

February 2011 on businesses in the Canterbury region. They show that the chance 

of survival is influenced by the firms’ prior financial viability that reflects their 

resilience. Firms with a strong financial viability mean that they have adequate 

financial resources to continue operations if there is a large shock affecting their 

normal income. In other words, firms with a low performance are affected and 

disproportionately forced to exit. Meanwhile, surviving firms rapidly return to 

their pre-earthquake profitability levels, as the effect of the earthquake on the 
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profit rate has completely disappeared. They argue that these results are 

consistent with competition acting to prevent extreme profits, and to eliminate 

poor performing firms—with the latter process accelerated by the Canterbury 

earthquakes.  

We note that some studies have investigated the impact of the East Asian 

economic crisis as another type of shock on the performance of the 

manufacturing sector in Indonesia (Hallward-Driemeier and Rijkers 2013; Poczter 

et al. 2014; and Narjoko 2014). Although the impacts of the earthquake are more 

local than the impact of the economic crisis, these three studies can provide 

insights into the consequences of large shocks on firm survival. Using firm-level 

manufacturing data (1991–2001), Hallward-Driemeier and Rijkers find support 

for the hypothesis that the crisis strongly improved the reallocative process. They 

also conclude that the crisis appears to have removed the weakest potential 

entrants, thus helping to mitigate the loss in aggregate productivity. Poczter et al. 

also use firm-level manufacturing data (1990–2005), and find that, during the 

crisis, declining real productivity becomes more pervasive and does not return to 

pre-crisis levels, which suggests that surviving firms are becoming less 

productive on average. Specifically, the decreasing average productivity of firms 

spreads to almost all industries and all groups in the post-crisis era, while in the 

pre-crisis period the only set of firms with aggregate negative real productivity 

growth were the domestic firms. Meanwhile, Narjoko (2014) focusses on firm 

entry, and on how the the entrants’ characteristics in the Indonesian 

manufacturing sector differed between the pre- and the post-crisis. He finds that 

there are some differences in the characteristics of the entrants in the pre- and 

post-crisis period. For instance, the size of entrants, as measured by employment, 

was larger after the crisis. But he also finds that labour productivity in the two 

periods was more or less the same, which indicates that entrants were able to 

match the productivity level of incumbents that may increase the chances of 

entrants to survive. As entrants after the crisis were much less financially 

constrained, they also tended to be more resilient to various shocks than their 

predecessors. 
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5.3 Dynamics of Firm Survival  

Our main data are manufacturing data collected by the Indonesian Statistical 

Agency, BPS (Badan Pusat Statistik), covering medium-sized and large 

establishments in Yogyakarta province in 2003, 2005, 2007, and 2009. In the 

survey, BPS uses 20 employees as the threshold for medium-sized and large 

establishments, but without considering when the firms started (see Hallward-

Driemeir and Rijkers 2013; and also Narjoko 2014, for the same data source; and 

Tanaka 2015, for Japan). The raw data consist of 1,632 observations of 637 firms. 

Most of them were located in Bantul, Sleman, and Yogyakarta. This data does not 

provide explicit information about the dynamics of firm survival. Therefore, we 

construct our own definition of ‘surviving, ‘exiting’, and ‘new entrant’ firms 

during the period based on available data. It implies that the term ‘surviving, 

‘exiting’ and ‘new entrant’ does not reflect actual survival, exit and entry. An 

additional note is that the BPS manufacturing survey cannot follow a firm if the 

firm relocates to another district. 

We classify a firm as an exiting firm if the firm disappears from the survey 

because it goes out of business or falls into the category of small-sized 

establishment with less than 20 employees. When a firm entered the survey, it 

was classified as a new entrant firm, as it did not appear in the previous survey. 

Firms that also existed in the previous survey are identified as surviving firms. 

Using this strategy it is possible that a firm existed, for instance, in 2005, but then 

re-entered in 2007. In this case we categorise that firm as a firm that exited in 

2005, and as a new entrant in 2007. Using this approach we can present the 

dynamics of firm survival (Table 5.2).  

Table 5.2 shows that the number of firms in 2007 was higher than the 

number of firms in 2003; and larger than in 2005 or 2009. Interestingly, the lowest 

rate of survival and the highest rate of entry are found in 2007. There were 402 

firms in 2003, and 80% of them were still surviving in 2005. Meanwhile, 74% of 

the firms that existed in 2005 were still surviving in 2007. The difference is 

relatively small, but it provides early evidence of the impact of the earthquake. 
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From 402 firms that existed in 2003 there were 203 firms that continuously 

existed until 2009.  

 

Table 5.2 The Dynamics of Firms Survival 

 

Notes: Since we used data from 2003 until 2009 only, we have no information about new 
entrants in 2003 and the survability of entrant firms in 2009 after 2009. The number of 
firms in 2003 is used as the baseline stock. Surviving is the number of firms surviving in 
year t. Entrant is the number of entrants in year t. Exiting is the number of firms exiting 
in year t.    

 

The entry rate in 2007 was higher than 39%, and relatively high compared with 

the entry rate in 2005 and 2009. The survivability of these entrants was also 

relatively high. We see that 84% (47 firms) and 68% (38 firms) of the 56 firms that 

entered in 2005 were still able to survive in 2007 and 2009, respectively. 
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Meanwhile, the survival rate of firms that entered industry in 2007 was 83% (144 

of 174 firms). The difference in the rate of survival between new entrants in 2005 

and in 2007 is relatively small, indicating that there was no large difference in 

firm charateristics, such as productivity, between the two groups of entrants in 

their early years.  

 

5.4 Dynamics of Firm Productivity 

We have shown that natural selection works in the Yogyakarta earthquake 

context. The earthquake forced out 26% of firms that existed in 2005, and also 

attracted a large number of new entrants (39%). This raises an intriguing 

question: Why did the earthquake attract so many firms to enter industry?  

The most likely reason is that it was a response to the excess demand for 

the reconstruction of buildings and utilities following the earthquake. The 

decrease in aggregate production which was related to the exit of so many old 

firms as a result of the earthquake was largely substituted by the output of new 

firms.  Closing this production gap is the main role of the new entrants (see Panel 

A). In 2005, the surviving firms (320 firms) produced 97% of the aggregate value 

added. In 2007, about 80% of aggregate value added was produced by 277 

surviving firms. The average value added of these surviving firms and the panel 

firms (203 firms that had existed continuously from 2003 until 2009) in 2007 was 

also lower than the average in 2005, and continued to decrease until 2009, 

although the average of all firms actually increased. This reveals that new 

entrants were needed to fill the production gap. In contrast to the decreasing 

value added of the surviving firms, the value added per new entrant consistently 

increased from 0.6 billion rupiahs in 2005 to 2.8 billion rupiahs in 2009. This 

indicates that the new entrants became more productive as time went by. 

Therefore, the earthquake has attracted new more productive firms, which 

supports the natural selection hypothesis.  
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Table 5.3 Size and Labour Productivity of Different Groups of Firms 

Year (A) Value added/firm (in billion rupiah) Share of 

 
All Panel Surviving New Entrants surviving firms (%) 

2003 2.7 (16.4) 4.56 (22.78) 
   2005 3.4 (34.8) 5.82 (47.25) 3.9 (37.7) 0.6 (0.8) 97 

2007 2.1   (7.8)  3.49 (10.86) 2.8   (9.4) 1.1 (3.7) 80 
2009 2.4   (9.0)  3.13   (8.83) 2.4   (9.1) 2.8 (5.4) 95 

 
(B) Worker/firm  Share of 

 
All Panel Surviving New Entrants surviving firms (%) 

2003 116 (234) 170 (306) 
   2005 119 (235) 163 (285) 125 (238) 85 (216) 90 

2007 121 (249) 170 (310) 146 (286) 80 (169) 74 
2009 127 (263) 162 (287) 129 (268) 90   (97) 97 

 
(C) Value added/worker (in billion rupiah)     

 
All Panel Surviving New Entrants   

2003 0.012 (0.04) 0.013 (0.03) 
   2005 0.014 (0.05) 0.018 (0.06) 0.015 (0.05) 0.010 (0.01)   

2007 0.013 (0.02) 0.013 (0.02) 0.012 (0.02) 0.013 (0.03)   
2009 0.013 (0.02) 0.013 (0.01) 0.013 (0.02) 0.033 (0.07)   

Note: The numbers in parentheses are standard deviations. 

 

It should be noted that new entrants in 2007 were relatively small compared with 

the same group in 2005 (see Panel B of Table 5.3). In 2005 the size of the new 

entrants, based on the average number of workers, was 85 while in 2007 it was 

80. If we use a cut-off point of 50 workers, the data show that more than 69% of 

new entrants in 2007 were firms with less than 50 workers, compared with 55% 

in 2005, indicating that the earthquake provided opportunities for smaller firms.  

In addition, it is also possible that, prior to 2007, some of the new firms 

were small firms (with less than 20 workers), but their size then increased to 

more than 20 workers, or surpassed the minimum threshold of the definition of 

medium-large enterprises, as used by the BPS (see the previous section on data). 

We do not have historical information on these new entrants to confirm that they 

were small establishments prior to 2007. But it is important to note that the 

average number of workers of surviving firms and the panel firms also increased 

from 125 in 2005 to 146 in 2007, and then decreased to 129 in 2009, which 
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suggests that industry also used a labour-intensive strategy as a short-run 

strategy to maintain the aggregate supply following the earthquake in 2006.  

The earthquake in 2006 has forced out unproductive firms. This process 

may increase the productivity of the surviving firms. As we have discussed, the 

negative shock caused by the earthquake also opened opportunities for new 

producers to enter industry. Theoretically, the exiting firms were the least 

productive firms, while the new entrants would be expected to be more efficient. 

Overall, this process will also increase industrial productivity. Further evaluation 

is needed to clarify this expectation. We do this by comparing firm productivity 

during the period. Panel C of Table 5.3 provides firm productivity based on value 

added per worker.  

We compare productivity of surviving firms and new entrants (see Table 

5.3). As can be seen, firm productivity in 2007 and 2009 was lower than in 2005, 

except for new entrants. This result indicates that the earthquake reduced the 

average productivity. The decrease in productivity of the surviving firms and the 

panel firms was relatively large. But it is interesting that the new entrants played 

an important role in the recovery process of the industry. As can be seen, the new 

entrants after the earthquake were more productive than the new entrants in the 

previous years and the surviving firms. Therefore, the figures suggest that the 

earthquake contributed to eliminating the unproductive firms, and, at the same 

time, attracted new productive firms. In other words, there was a cleansing 

process following the earthquake in 2006. 

Now we turn to compare firm productivity between surviving and exiting 

firms in the preceding 2 years (Table 5.4). It is based on an argument that firms 

exited from the market due to their low productivity. The table clearly indicates 

the importance of the preceding firm productivity in determining firm 

survivability. The preceding productivity of exiting firms in all years was always 

smaller than the preceding productivity of surviving firms. As already discussed, 

unproductive firms are more vulnerable to negative external shocks. This finding 

also gives support to the role of productivity in the natural selection mechanism. 
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Table 5.4 Preceding Labour Productivity of Exiting and Surviving Firms 

Year Labour Productivity in year t–2 
Exiting Surviving 

2005 9.2 (11.3) 12.5 (42.8) 
2007 8.3 (10.5) 16.4 (56.0) 
2009 10.1 (10.7) 13.0 (25.6) 

 Note: The numbers in parentheses are standard deviations. 

 

Table 5.5 Normality Test of Labour Productivity of Different Groups of Firms 

Year Skew.  Kurt. joint Ho Skew.  Kurt. joint Ho 
      adj  Prob>       adj  Prob>   

 
chi2(2) chi2   chi2(2) chi2   

 
ln(value added/worker) ln(value added/worker) – normalised *) 

All firms 
   

 
     2003 0.94 7.91 73.47 0.00 Reject 0.80 7.35 62.87 0.00 Reject 

2005 0.96 5.89 57.50 0.00 Reject 0.87 5.43 49.23 0.00 Reject 
2007 0.49 5.02 33.57 0.00 Reject 0.46 5.05 32.40 0.00 Reject 
2009 0.81 4.68 42.42 0.00 Reject 0.73 4.45 36.14 0.00 Reject 
Surviving firms          
2005 0.97 6.13 51.67 0.00 Reject 0.91 5.71 46.07 0.00 Reject 
2007 0.05 4.75 12.31 0.00 Reject 0.02 4.67 11.73 0.00 Reject 
2009 0.68 4.20 29.88 0.00 Reject 0.62 4.07 25.92 0.00 Reject 
New entrants          
2005 0.80 3.32 6.34 0.04 Accept 0.60 2.89 3.86 0.15 Accept 
2007 1.18 5.87 35.02 0.00 Reject 1.07 5.84 32.15 0.00 Reject 
2009 1.29 4.61 8.34 0.02 Accept 1.11 4.44 7.33 0.03 Accept 
Notes: ‘Skew.’ is the skewness test; ‘Kurt.’ is kurtosis; ‘Ho’ is the null hypothesis that 
productivity is normally-distributed. *) The average productivity of each industrial 
group in 2003 has been used to normalise firm productivity. There are eight industrial 
groups: food, textiles, wood, paper, chemicals, non-metalic mineral products, metal 
products, and other processing. 

 

We also evaluate the distribution of firm productivity by using a skewness test  

(Table 5.5). Two important points can be noted by comparing the changes in the 

skewness between surviving firms and new entrants. First, the earthquake forced 

out unproductive firms, but it did not change the distribution of surviving firms 

in 2007. Second, the earthquake has temporarily attracted more heterogeneous 

new entrants. These two different impacts indicate that these firms were basically 
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abnormally-distributed based on their productivity. This then made the skewness 

of all firms based on labour productivity relatively stable during the period.  

The histograms in Figures 5.1, 5.2 and 5.3 support this conclusion. These 

histograms show the distribution of firms based on their productivity 

(normalised by the mean of productivity of each industry in 2003). In general, 

they show that there was a shift of the distribution from the left to the right tail, 

indicating a process that elimited unproductive firms, and then improved the 

aggregate productivity. 
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Figure 5.1A Distribution of Firms Based on their Productivity Level (All Firms), 2003     

                     and 2005  
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Note: Productivity has been normalised by the mean of productivity of each industry in 
2003. 
 

Figure 5.1B  Distribution of Firms Based on their Productivity Level (All Firms), 2007     

                      and 2009  
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Note: Productivity has been normalised by the mean of productivity of each industry in 
2003. 

 

Figure 5.2 Distribution of Firms Based on their Productivity Level (Surviving Firms) 
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 Note: Productivity has been normalised by the mean of productivity of each industry in 
2003. 

 

Figure 5.3 Distribution of Firms Based on their Productivity Level (New Entrants) 

 

5.5 Determinants of Firm Survival  

Following the descriptive analysis, we empirically investigate the relationship 

between productivity and ‘entrant status’ and the firm’s probability of survival 

related to the earthquake. The theoretical expectation is that high productivity 

firms will have a higher probability of survival, and will also be able to survive 

more easily from the adverse impact of the earthquake in 2006. Empirically we 

test whether the preceding productivity determines survivability. For instance, it 

is expected that high productivity firms in 2005 will have high survivability in 

2007. Our indicator of productivity is value added per worker in the preceding 

year or in t–2 (labelled as P, in natural logaritm). Since we have data for 2003, 

2005, 2007, and 2009, we can apply this approach to the surviving firms in 2005, 
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2007, and 2009 for which we use firm productivity in 2003, 2005, and 2007 to 

predict firm survivability in 2005, 2007, and 2009.  

We also look at the difference in survivability with regard to new entrant 

status. As far as natural selection works, we expect that the new entrants in t–2 

will have a higher probability of survival in year t. A dummy variable for new 

entrants is labelled as N, and takes the value of 1 for firms that entered in year t–

2, and 0 otherwise. In total we have 1,229 observations for the estimation. Since 

we cannot identify firms in 2003 as new entrants, we have to exlude 402 

observations for the year 2003. This implies that finally we can only focus on firm 

survivability in 2007 and 2009 by using their productivity in 2005 and 2007, 

respectively, as the main predictor of previous firm performance. Based on Table 

5.2, we can use 827 observations for estimating the probability of firm to survive 

that consist of 376 observations for the year 2005 and 451 observations for the 

year 2007. These observations represent 550 firms that consist of 376 firms that 

already existed in 2005 (320 surviving firms in 2005 from 402 firms in 2003, plus 

56 new entrants in 2005) and 174 new entrants in 2007.   

Since we mainly aim to investigate survivability related to the earthquake 

in 2006 we then need to use a variable that can capture the impact of the 

earthquake on firms. However, the raw data do not provide information on 

whether a firm was directly affected by the earthquake or not. It provides 

information about the firm location at the district level only. We then use a 

‘before and after’ strategy to investigate the impact of the earthquake. This 

earthquake variable is labelled EQ2006. It takes the value of 1 for years after 2006, 

and 0 otherwise. We then interact this earthquake dummy variable with 

productivity and entrant status. The coefficient for the interaction variable 

between productivity and the earthquake variable reflects the cleansing effect, 

while the coefficient of the interaction variable between entrant status and the 

earthquake variable represents the scarring effect. These two interaction variables 

are our main interest. We empirically use the following logit model: 
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where Pi,t is the probability that firm i survives in year t; PR is a productivity 

measure of the respective firm in year t–2; EQ2006 is a dummy variable for the 

earthquake (the year 2005 is 0, while 2007 is 1); N is a dummy variable for firm i 

that entered the survey in year t–2. We also control for sector of industry (8), 

district (5), and year (2) to capture the differences in firm survival behaviour. 

The key coefficients are β2 and β4. A negative sign of β2 indicates a decrease 

of the power of productivity in 2007 to protect firm survivability in 2009 

compared with the power of productivity in 2005. In other words, productivity is 

more important for firms to survive in 2007 or to pass the negative external shock 

caused by the earthquake in 2006. Since more productive firms in 2005 had a 

higher probability to survive, we can interpret this as evidence of the cleansing 

effect: this exogenous shock cleansed out less-productive firms. Meanwhile, a 

negative sign of β4 indicates that firms that entered the industry in 2007, or just 

after the earthquake, had a lower probability of surviving in 2009. This also 

means that new entrants in 2005 tended to have higher probability of survival in 

2007, or had success in dealing with the negative impact of the earthquake in 

2006, indicating that. This leads to the conclusion that the Yogyakarta earthquake 

in 2006 had no scarring effect on the new entrants.   

In addition, some relevant variables that are suggested in the literature 

(e.g. Disney et al. 2003; Syverson 2011; Hallward-Driemeier and Rijkers 2013; 

Wagner 2013) will be included in the model. First, we add a dummy variable for 

large firms (LF) to test whether large firms tend to have a higher probability of 

survival. It takes the value of 1 for firms with more than 99 workers. The second 

additional variable is a dummy variable for exporting firms (X). This variable 

takes the value of 1 for firms that answered ‘yes’ to the question ‘any product 
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exported?’ in the survey, and 0 otherwise. As the shock caused by the earthquake 

would affect the local market, one may expect that an exporting firm would 

survive more easily following the earthquake. Finally, we include a variable to 

control for a firm’s credit constraints. This variable is a dummy variable for 

access to credit (1 for firms with access to credit, and 0 otherwise). We create this 

variable based on data on firm expenses. Specifically, it takes the value of 1 for 

firms that reported interest paid on loans, and 0 otherwise (C). It can be expected 

that firms with access to credit tended to have a higher probability of survival as 

they were able to deal with financial difficulties related to damage or losses due 

to the earthquake. But it is also possible that these firms then faced difficulty in 

servicing their commercial loan. After controlling for these variables separately, 

we estimate a full model that includes all control variables. All these additional 

variables are also interacted with EQ2006.   

In the previous section we presented the dynamics of firm survival and 

the dynamics of firm productivity. In this section we try to relate these two 

dynamic processes. We focus on the following two empirical questions: Is there a 

difference in the impact of the pre- and post-earthquake productivity of firms on 

their probability to survive? And, is there a difference in the probability of 

survival of the new entrant firms in 2005 (before the earthquake) and the firms 

that entered the industry in 2007 (after the earthquake)?  
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Table  5.6  Determinants of Firm Survival (Basic estimation)  

Variable Baseline Controlling for Baseline Controlling for Baseline 
Large  
Firm 

Exporter 
 

Credit  
Access All 

1 2 3 4 5 
ln(Value added/Worker)         0.55***             0.44**       0.56**  0.55***       0.45** 

   (0.17)     (0.17)    (0.17)        (0.17)     (0.17) 
ln(Value added/Worker)  
     x EQ2006    –0.49*   –0.44   –0.51*       –0.47*    –0.45 
         (0.24)     (0.25)    (0.24)        (0.24)     (0.25) 
New entrant         0.87*             1.03*    0.75         0.92*      0.96* 

       (0.41)     (0.42)    (0.42)        (0.41)     (0.43) 
New entrant x EQ2006       –1.14*     –1.22*   –1.02*       –1.16*    –0.12* 

       (0.49)           (0.50)   (0.49)        (0.49)    (0.51) 
Large firm           1.38***       1.29** 

          (0.40)     (0.40) 
Large firm x EQ2006          –0.53   –0.42 
            (0.57)     (0.57) 
Exporter    0.51     0.33 

   (0.27)     (0.28) 
Exporter x EQ2006  –0.58     –0.53 

   (0.37)     (0.38) 
Credit access  

 
        0.26     0.18 
       (0.25)     (0.25) 

Credit access x EQ2006 
 

        0.22     0.30 
       (0.38)     (0.39) 

Industry effect Yes Yes Yes         Yes Yes 
District effect Yes Yes Yes         Yes Yes 
Year effect Yes Yes Yes         Yes Yes 
pseudo R-squared    0.06   0.08    0.06         0.06    0.09 
Log lik.   –388.99      –379.10 –387.12   –387.04 –376.52 
Chi-squared       42.51          60.98     44.21       43.37     59.73 
Correctly classified (%)  80.17  80.29     80.29       80.05   80.53 
N     827        827   827     827   827 
Notes: The dependent variable is the probability of a firm i to survive in year t. Robust 
standard errors are in parentheses (clustered by firm). * significant at the 5% level; ** 
significant at the 1% level; *** significant at the 0.1% level.      

 

The estimation result of Specification 1 shows that productivity has a positive 

coefficient, and it is statistically significant indicating the positive impact of 

preceding productivity on the probability of firms to survive (Table 5.6). This 

confirms that the survivability of more productive firms was higher than that of 

less productive firms. Meanwhile, the interaction variable between productivity 
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and the earthquake dummy variable has a negative coefficient, and is statistically 

significant. Since the value of 1 is attributed to the year 2007, this indicates that 

there was a decrease of the power of productivity in 2007 to protect firms 

survivability in 2009 compared with the power of productivity in 2005. For the 

base group, the coefficient of this interaction variable is 0.55 (Specification 1), but 

for the year of 2007 it is 0.06 (the coefficient of productivity 0.55 minus the 

coefficient of its interaction with earthquake dummy –0.49). It means that the 

preceding productivity was basically important for firms to survive, but 

particularly important for firms that faced a negative shock like the earthquake in 

2006. Therefore, less productive firms in 2005 tended to exit more in 2007 or 

failed to pass the negative shock caused by the earthquake in 2006. This result 

confirms that the earthquake in 2006 cleansed out less-productive firms. This is 

evidence of the cleansing effect of the earthquake as a negative exogenous shock.   

We now look at the coefficients of the dummy variable for new entrant 

firms. This variable shows a positive sign and is statistically significant. It means 

that there is evidence that the new entrants generally tended to survive. 

However, it should be noted that the new entrant-earthquake interaction variable 

has a negative and statistically significant coefficient. It indicates that firms that 

entered the industry in 2007 tended to have a smaller survival ability than other 

firms that entered the industry before the earthquake. This is also in line with the 

skewness test that shows that new entrants in 2005 were more homogeneous in 

terms of their productivity. In contrast, new entrants in 2007 were more 

heterogeneous and, as already discussed, their main motive was probably to take 

a temporary opportunity. In other words, the new entrants in 2005 were 

relatively well prepared compared with the new entrants in 2007 so they had a 

higher probability to succeed in dealing with the negative impact of the 

earthquake in 2006. This result suggests that the earthquake had no scarring 

effects on firms that entered the industry in 2005.  

 The result of Specification 2, in which we add a dummy variable of large 

firms, shows that all variables in previous estimations have a consistent 
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coefficient. The earthquake-productivity interaction consistently has a negative 

coefficient. This is also confirmed for the interaction variable between the new 

entrant and the earthquake. The coefficient of the dummy variable for large firms 

confirms that firm size matters in determining the likelihood of survival. But this 

firm-size indicator had no different impact between the two periods.  

The dummy variable Exporter in Specification 3 has a positive but 

statistically insignificant coefficient, which suggests that there is no statistically 

significant difference in survivability between exporting and non-exporting 

firms. It should be noted that this coefficient is statistically significant if we used 

the 10% level. Its interaction with the earthquake variable shows a negative but 

statistically insignificant coefficient. This result weakly supports the expectation 

that exporting firms had a better ability to face the shock, especially because the 

earthquake arguably had no impact on the export market.  

The result of Specification 4 does not show that having access to credit was 

important for firms’ survivability. It is probably related to the size of their credit, 

which was relatively small. With regard to the interaction variable, the 

rehabilitation and reconstruction programmes that were implemented by the 

government had probably made positive contributions in supporting firms that 

faced financial difficulties due to the earthquake. It has been identified that the 

earthquake will decrease debtors’ ability to make repayments, and potentially 

increase non-performing loans. As financial intermediation and resource 

mobilisation is important for rehabilitation and reconstruction, the government 

provided support, such as by relaxing regulations on non-performing loans, for 

the production sectors (see Bappenas et al. 2006). Since this policy was applied to 

all sectors, it might cause the variable credit access to have no impact on firm 

survival. 

In Specification 5 we include all control variables. All these variables show 

consistent coefficients. Their levels of significance are relatively stable. There are 

four variables that have a statistically significant impact on firm survival. The 

interaction variable between productivity and earthquake loses its significance, 
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although it still show a negative coefficient. This finding weakly indicates that 

the firms that could survive following the earthquake are only those which were 

productive in the preceding year. As the result confirms that the earthquake has 

forced out unproductive firms, it supports the natural mechanism of economic 

Darwinism. The interaction variable between new entrant and earthquake also 

has a negative and statistically significant coefficient confirming that the firms 

that entered the industry in 2005 had a higher probability of survival than the 

firms that entered the market after the earthquake. This indicates that the 

earthquake had no scarring effect on the new entrants. Since new entrants were 

mostly young firms, the finding suggests that the shock caused by the earthquake 

did not force out young firms.   

We also present other estimations in which we use productivity that has 

been normalised as used in the previous section (Table 5.7). Since this variable 

also reflects the improvement in productivity, we expect that this alternative 

productivity measure will not give different results. Empirically, we rerun all 

specifications in Table 5.6. The results show that all coefficients have consistent 

signs. The levels of significance of these coefficients are relatively similar, except 

for the interaction variable between productivity and earthquake. It indicates that 

our basic estimations results are generally robust.  

On the basis of the results in Tables 5.6 and 5.7, we may conclude that the 

earthquake in 2006 cleansed out less-productive firms leading us to support the 

natural selection mechanism. One potential problem with these results it that the 

dummy variable of the earthquake does not sufficiently represent the impact of 

the shock since this variable is constructed following the before-after method.  

An alternative to resolve that issue is to link firm location data to the 

information on the area affected by the earthquake at village or sub-district level 

which might give a better dummy variable that represent the earthquake. 

Although we have data on the affected areas at sub-district level, our 

manufacturing data set does not provide detailed information about firm 

location. The location information is available only at the district level.  
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Table 5.7 Determinants of Firm Survival (Alternative estimation: normalised 

productivity) 

Variable Baseline Controlling for 
Large 
firm 

Exporter 
 

Credit  
access 

All 
 

  1 2 3 4 5 
ln(Value added/Worker)    8.60**     6.73*    8.40**   8.55***     6.64* 

  (2.62)    (2.64) (2.62) (2.59)     (2.63) 
ln(Value added/Worker) x EQ2006  –7.74*   –6.74    –7.52 –7.50*  –6.29 

 (3.87)    (4.00) (3.85) (3.82)    (3.96) 
New entrant   0.85*      1.01*      0.74   0.89*   0.95* 

 (0.41)    (0.42) (0.41)  (0.41)  (0.43) 
New entrant x EQ2006 –1.11*   –1.19* –1.00* –1.13*    –1.11* 

 (0.48)    (0.50) (0.50) (0.49)    (0.51) 
Large firm     1.38***     1.30** 

  (0.40)   (0.40) 
Large firm x EQ2006  –0.54  –0.46 

  (0.57)   (0.57) 
Exporter      0.47  0.30 

(0.27)   (0.27) 
Exporter x EQ2006    –0.49  –0.45 

(0.37)   (0.38) 
Credit access   0.26   0.19 

(0.25)   (0.25) 
Credit access x EQ2006  0.22  0.30 

(0.38)   (0.40) 
Industry effect  Yes     Yes Yes Yes Yes 
District effect  Yes     Yes Yes Yes Yes 
Year effect  Yes     Yes Yes Yes Yes 
pseudo R-squared   0.06     0.08 0.06  0.06    0.09 
Log lik. –389.09 –379.26 –387.55 –387.09 –376.91 
Chi-squared  41.52   60.24    45.40 44.14    61.25 
Correctly classified (%)  80.05   80.29    80.17 80.05 80.65 
N 827 827  827 827 827 
Notes: The dependent variable is the probability of a firm i to survive in year t. Robust 
standard errors are in parentheses (clustered by firm). * significant at the 5% level; ** 
significant at the 1% level; *** significant at the 0.1% level.       

 

Inspection of the disaster magnitude of the Yogyakarta earthquake, measured as 

a percentage of the total damage and losses to gross regional domestic product, 

shows that Bantul was the most affected district and Yogyakarta (city) was the 

least affected district. The disaster magnitude of Bantul, Kulon Progo, Gunung 
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Kidul, Sleman, and Yogyakarta (city) are 246, 74, 64, 48, 28, respectively 

(Bappenas 2006). The difference between these districts in the disaster magnitude 

might suggest that firms also responded differently to this negative shock. Based 

on the disaster magnitude data, we created an alternative dummy for the 

earthquake. This new dummy variable takes the value of 1 for the post-

earthquake situation after 2006, but only for Bantul, Gunung Kidul, and Kulon 

Progo. Estimation results using this alternative indicator are provided in Table 

5.8 for the basic model only.  

 

Table 5.8 Determinants of Firm Survival (Alternative earthquake indicator) 

Variable 1 2 
ln(Value added/Worker)   0.33**   5.18** 

(0.12) (1.81) 
ln(Value added/Worker) x EQ2006 0.04 0.58 

(0.03) (0.43) 
New entrant 0.18 0.18 

(0.25) (0.25) 
New entrant x EQ2006 -0.02        -0.03 

(0.53) (0.53) 
Industry effect Yes Yes 
District effect Yes Yes 
Year effect Yes Yes 
pseudo R-sq 0.049 0.049 
Log lik.    -392.87    -392.91 
Chi-squared       32.17       32.16 
Correctly classified       80.05       80.05 
N     827     827 
Notes: The dependent variable is the probability of a firm i to survive in year t. Robust 
standard errors are in parentheses (clustered by firm). * significant at the 5% level; ** 
significant at the 1% level; *** significant at the 0.1% level.       

 

In specification (1) we use value added per worker, while in specification (2) we 

use  value added per worker that has been normalised. The results show that the 

preceding productivity tend to consistently play an important role in affecting 

the firm survivability. However, the interaction variable between productivity 

and earthquake loses its significance. The variable for new entrant and its 

interaction with earthquake become statistically insignificant. These results 
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suggest that there is a positive relationship between firm productivity prior the 

earthquake and firm survivability. But it is still problematic to draw firm 

conclusions regarding the consequence of the earthquake on the probability of 

firms to survive, in particular due to the limitations of the data.   

  

5.7 Conclusion 

We have used manufaturing data in Yogyakarta to investigate whether natural 

selection works in the context of the Yogyakarta earthquake in 2006. Our 

descriptive analysis shows that the earthquake has forced out unproductive 

firms, and opened opportunities for new producers to enter the industry and fill 

the production gap caused by the earthquake. The decrease in productivity of 

surviving firms was relatively large, and until 2009 it was still lower than the pre-

earthquake productivity. It is interesting that the new firms that entered the 

industry after the earthquake had higher productivity than the surviving firms. 

Furthermore, these new firms had higher productivity growth.  

Further investigations confirm that firms which had higher productivity 

prior to the earthquake were more likely to survive after the earthquake, which 

indicates their ability to cope with the adverse impacts of the earthquake in 2006. 

In other words, the earthquake contributed to forcing out unproductive firms, 

which suggests the existence of a natural selection mechanism, especially its 

cleansing effects. This chapter also finds that new firms which entered the 

industry prior to the earthquake had a higher probability of survival than those 

which entered following the earthquake. We thus find no evidence that the 

earthquake had scarring effects on the new entrants. However, additional 

investigation suggests that it is still difficult to draw strong conclusions regarding 

the consequence of the earthquake on the probability of firms to survive, in 

particular due to data limitations.   
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CHAPTER 6   ───────────────────── 

 

Living with the Merapi Volcano: Risks and 

Disaster Microinsurance43 

 

 

 

6.1 Introduction 

Disaster microinsurance can play an important role for low-income households. 

This insurance is a specific type of microinsurance that can be defined as an 

insurance for low-income people to help them to manage risks and vulnerability 

(Cohen and Sebstad 2006;  Heydel et al. 2009; Morelly et al. 2010; De Bock and 

Gelade 2012).  

Large natural disasters in recent years, such as the Aceh tsunami in 2004, 

have triggered discussions on the possibility to introduce disaster microinsurance 

in Indonesia but it is still a hardly explored field (Heydel et al. 2009; World Bank 

2011; World Bank and GFDRR 2012).44 People in Indonesia are reluctant to buy 

                                                             
43 This is a co-authored chapter. An earlier version of this chapter was published as a 
Working Paper in Trade and Development No. 2014/13, Arndt-Corden Department of 
Economics, Crawford School of Public Policy, ANU College of Asia and the Pacific 
(Brata et al. 2014). We would like to thank Danang Darmawan of Gadjah Mada 
University for coordinating the household survey for this paper,, and Aryanto Steyn of 
BPBD DI Yogyakarta for sharing useful information about the current situation of the 
Merapi volcano.     
44 A microinsurance scheme against floods was developed by Wahana Tata (an insurance 
company), and this product was established in partnership with GTZ (the German 
development agency) and Munich Re (a reinsurer company). This product is designed as 
livelihood coverage against floods. The price of this product (card) is IDR 50,000, and the 
card holder will receive IDR 250,000 when flooding in Jakarta reaches a certain 
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insurance products (Heydel et al. 2009), although natural disasters are one of the 

important risks that can affect the households’ welfare (Viverita et al. 2011; 

Reinhard 2012).  

 The chapter can be classified as a prelimenary investigation of demand for 

microinsurance (see Cohen and Sebstad 2006). As Cohen and Sebstad identified, 

research at this level concerns the key risks facing poor people, the impact of 

these risks, existing coping mechanisms, the effectiveness of the coping 

mechanisms, and the potential role that microinsurance (or other financial 

services) can play. We focus on a specific natural disaster risk, notably the 

disaster risk caused by eruptions of the Merapi volcano, one of the most active 

volcanoes in Indonesia, located 25−30 km north of the city of Yogyakarta in Java. 

Historically, this volcano has erupted every four years, and the eruption in 2010 

was the largest eruption in more than a century (Subandriyo 2011; Surono et al. 

2012). The eruption in 2010 affected four districts, killed 386 people, and caused 

losses and damage in the order of US$ 403 million (Bappenas and BNPB 2011). 

Thousands of houses in the Cangkringan subdistrict in the Yogyakarta province 

were destroyed, especially in Kepuharjo village, Glagahharjo village, Umbulharjo 

village and Wukirsari village. We use data at the household level, collected by a 

joint team from Gadjah Mada University of Indonesia and the Indonesia Project 

of ANU Canberra, around 18 months after the eruption, when some respondents 

were still living in temporary shelters.  

Since microinsurance schemes have not yet been developed for people 

living on the slope of Mount Merapi, this study is basically about a hypothetical 

disaster microinsurance scheme. Investigating the determinants of demand for (a 

hypothetical) microinsurance in order to find early evidence on this prospective 

counter-measure to natural disaster risks, is valuable, as also identified by Matul 

et al. (2013). The approach to investigate a hypothetical microinsurance scheme is 

                                                                                                                                                                                      
predefined level (above 950 centimetres at the Manggarai Water Gate in Jakarta). Only 
about 500 cards were sold, and this weak demand was one of the reasons to end this 
pilot programme in 2010 (see World Bank 2011: p. 27). 
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also followed in several other studies (Akter et al. 2008, and Akter et al. 2011 on 

Bangladesh; Abbas et al. 2015 on rural Pakistan).45  

Specifically, we are concerned with the households’ perception of natural 

disaster risks as an important determinant of demand for disaster 

microinsurance. Logit estimation shows that the respondents’ perception of 

natural disaster risks strongly influences the respondents’ interest to participate 

in disaster microinsurance. Consequently, local people’s perception of natural 

disaster risks should be taken into account in designing and proposing a specific 

insurance scheme for people living in areas vulnerable to natural disasters. 

Insurance literacy also has a strong relationship with the respondent’s interest to 

participate in disaster microinsurance. Therefore, it is important to develop 

insurance literacy. Other important variables are access to disaster relief for 

housing (house relief; membership of local associations; and health risk). 

  

6.2 Literature Review  

This section first discusses the perception of risk that is related to the 

vulnerability of the location. It is then followed by a discussion of the 

determinants of demand for microinsurance.  

 

6.2.1 Perception of Risks Related to Location 

Scientists define risk as ‘hazard times exposure equals consequence, while the 

average person defines risk as ‘the probability of something bad happening’ 

(Brown 2014). It implies that the difference between these two risks is also 

important to be identified as it sometimes can create further risks. Siegrist and 

Gutscher (2006) note that differences between experts’ and lay people’s judgment 

of risks have been found in several studies for various domains, and recent 

                                                             
45 In addition, Carson (2012) discusses contingent valuation (CV) studies, one of the 
existing stated preference methods, and notes that CV studies have been done in over 
130 countries, looking at cultural, environmental, health, transportation, and other 
issues. See also Shogren (2005) on experimental methods and valuation.  
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studies also suggest that lay people’s risk assessments are less accurate than  

experts’ risk assessments.  

Perception of risk is basically known as the subjective judgement that 

people make about the characteristics and severity of a risk. Therefore, on 

average, intuitive risk judgments are important for people in evaluating hazards 

(Slovic 1987). This highly personal process of decision making is based on, 

among many other factors, an individual’s frame of reference developed over a 

lifetime (Brown 2014). Some studies underline the role of locational factors, as 

well as experience of past shocks, on people’s perception of exposure to risk in 

natural disasters (e.g. Brody et al. 2004; Brody et al. 2008; Siegrist and Gutscher 

2006) that could in turn affect households’ decision such as to participate in, for 

example, microinsurance (De Bock and Gelade 2012). This means that, when the 

disaster shocks change people’s perception of risk then their risk-taking 

behaviour will also be affected depending on the impact of the shocks on income 

and wealth. As is commonly known, wealth is negatively associated with risk 

aversion. When a disaster negatively changes the wealth of a household, then this 

household will possibly be more risk-averse, whereby insurance may play a role 

to avoid risk-related disasters.   

Fier and Carson (2009) find a statistically significant relationship between 

natural disasters and the demand for life insurance across states in the US 

confirming that natural disasters affect not only property insurance but also life 

insurance. Naoi et al. (2010) find that many households in Japan do not buy 

earthquake insurance since it is too expensive, and this insurance does not reflect 

regional differences in earthquake risks. Longwell (2013) suggests that lack of 

equity and a certain bias in the perceived earthquake risk among Californians 

tend to lower the participation rate in earthquake insurance. In a case study on 

the risk of flooding and cyclones in Bangladesh, Akter et al. (2008) find that the 

return period of natural disasters and the distance people live from the river 

significantly explain the household decision to participate in insurance. Wang et 

al. (2012), however, emphasise that disaster insurance participation is not directly 
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influenced by this perceived risk of hazards when people expect the government 

to provide support.  

In the context of natural disasters, some studies present interesting results. 

Comparing the perceived risks and frequency of disaster from the survey results 

and the historical records of disasters, Wang et al. (2012) argue that Chinese 

people, in general, have a correct perception of the hazards in the areas in which 

they live in. This indicates that there is no substantial gap between experts and 

lay people in assessing natural disaster risk. On the basis of their study of a flood-

prone area in Slovenia, Brilly and Polic (2005) show that experience of floods 

influences the perceived threat and concern related to them. They also find that 

people are aware of the importance of insurance against floods, which results in 

an increase in the rate of insurance participation. Siegrist and Gutscher (2006) 

confirm that lay people’s risk perceptions and experts’ risk assessment of 

flooding risks in Switzerland are correlated, but the strength of this relationship 

differs across regions.   

Based on this framework, we can expect that people who face natural 

disaster risks may be aware of important strategies of which disaster 

microinsurance is a promising option with several benefits: reducing 

vulnerability; being in a better position to cope with risk; protecting living 

standards; and complementing any social security system (Heydel et al. 2009). As 

noted by Kelman and Mather (2008: p. 190), one of the options for dealing with 

environmental hazards is to live with the hazards and risks, implying that 

livelihoods are interwined with environmental threats and opportunities.  

 

6.2.2 Other Determinants of Disaster Microinsurance Demand  

A considerable response is expected when introducing microinsurance especially 

in developing countries which frequently experience negative shocks. However, 

studies find that the rate of participation in microinsurance in developing 

countries is low (for a review, see Churchill 2002; De Bock and Gelade 2012; 

Matul et al. 2013; Eling et al. 2014). Low participation is also found in countries 
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with a well-established insurance system, such as Japan (Naoi et al. 2010; Naoi et 

al. 2012) and the US (see Akter et al. 2008; Longwell 2013). A number of factors 

explain the low participation in microinsurance. However, on the basis of a 

review of studies on this issue in the past 10 years, De Bock and Gelade (2012) 

conclude that the evidence on the low demand for microinsurance is still far from 

decisive. Since disaster microinsurance is basically a type of microinsurance, we 

use the literature on microinsurance as a framework for the present study. 

 Matul et al. (2013) identify seven determinants of demand for 

microinsurance: understanding insurance; value preposition (and its perception); 

wealth and liquidity constraints; trust; behavioural factors; access to other coping 

mechanisms; and personal characteristics. Interestingly, Matul et al. also debunk 

ten myths about demand for microinsurance. For instance, the myth is that 

people do not buy microinsurance because they do not understand it. The fact is 

that a poor understanding of microinsurance concepts and products is only one 

part of the explanation why people do not buy insurance, since awareness and 

knowledge of insurance does not always translate into higher demand. Another 

myth is that people buy microinsurance when they are convinced of the value of 

doing this. In fact,  the ability to act on intention is more important. Meanwhile, 

based on their review studies on microinsurance demand covering the period 

from 2000 to early 2014, Eling et al. (2014) find 12 variables that receive 

significant attention in the literature. These variables are classified into four 

factors: economic factors (price and wealth); social and cultural factors (risk 

aversion, non-performance risk, trust and peer effects, religion, and financial 

literacy); structural factors (informal risk-sharing, quality of service, and risk 

exposure); and personal and demographic factors (age and gender). 

These reviews clearly show that it is important to understand the 

determinants of the demand for microinsurance, particularly for policy purposes, 

to provide a tool to deal with disaster risks. In this study we primarily follow 

Matul et al. (2013), but, due to data constraints, we exclude some variables 

related to the implementation of a specific disaster microinsurance scheme such 
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as insurance premium and its coverage. In addition, studies on disaster insurance 

also provide several insights on these determinants. From household risk factors 

we note the influence of having children (see Alam et al. 2011), liquid assets (see 

Heydel et al. 2009), and access to ex-post disaster relief (Akter et al. 2008; Wang et 

al. 2012; Longwell 2013) on the probability of buying disaster microinsurance. 

Households with children are usually assumed to be more vulnerable to risks, 

and therefore they may have a more interest in participating in disaster 

microinsurance. Liquid assets may play a role as a self-insurance. Therefore, for 

households with liquid assets, participating in disaster insurance is less urgent. 

Disaster relief is also a coping alternative so that access to this relief can be 

expected to have a negative influence on the participation in disaster 

microinsurance. We can also include smoking behaviour as a proxy for health 

status. A poor health (higher health risk) may have a negative effect on 

household expenditure by increasing the health costs of illness and reducing 

household capacity to earn income when the head of household, as the main 

income earner, gets health problems. Therefore, a higher smoking indicator index 

indicates a higher health risk, which might positively influence household 

participation in disaster microinsurance.     

As is known, social networks can also play a role as a channel to other 

coping mechanisms, and can therefore influence participation in insurance. 

Having a close relationship with relatives will provide an opportunity to get 

informal support that, in turn, may reduce the household’s probability of 

participating in disaster insurance. It is interesting that, in his study on 

reconstruction funds in Fiji, Takasaki (2011) finds that traditional kin elites who 

have power, such as the chief’s clans, receive benefits sooner than others in 

recipient villages. Therefore, it is possible to expect that people who have 

relatives who are known as village elites (like members of the village 

government) will have better access to this relief, and will negatively respond to 

disaster microinsurance. In addition, membership in local associations may also 

reduce the likelihood of a household participating in disaster insurance (Gine et 

al. 2011). Some types of local associations certainly depend on location: for 
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instance, local associations related to agricultural activities are important for 

villagers in rural areas. Finally, households’ ability to pay their monthly 

premium for disaster microinsurance may affect participation in disaster 

microinsurance (for instance, Akter et al. 2008). But it is also possible that higher 

income negatively affects participation in this insurance when higher income 

reflects the capacity to self-insure in the same way as liquid assets.   

 

6.3 Research Methodology 

6.3.1 Data Sources  

In 2012 a joint team of the Gadjah Mada University of Indonesia and the 

Indonesia Project of ANU Canberra conducted a household survey to investigate 

the impact of the Merapi eruption in 2010 on the welfare of people living around 

the volcano, especially those people who were affected by the eruption. The 

disaster microinsurance scheme is not the main aim of this survey. But this 

survey also assessed disaster microinsurance.  

The sample frame used in this survey is the lists of households in the 

Cangkringan and the Prambanan subdistricts, based on the 2010 Population 

Census, were provided by the local government offices. The Cangkringan 

subdistrict is situated closest to the summit of Merapi volcano, while the 

Prambanan subdistrict is quite far from the volcano. Therefore the surveyed 

households in Prambanan can be partly used as the control group. According to 

the official data at subdistrict level, there are 8,778 households in the 

Cangkringan subdistrict in 2010, and about 36% of them were affected by the 

Merapi eruption in 2010. Most affected households in the Sleman district were in 

the subdistrict of Cangkringan.  

There are five villages in the Cangkringan subdistrict, but the team 

focused on three villages: Glagaharjo, Kepuharjo, and Umbulharjo. The number 

of households in these villages are 1,163, 920, and 1,379 respectively, or 40 per 

cent of total households in the Cangkringan subdistrict. Most of the inhabitants 
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of these three villages were evacuated during the volcanic crisis in 2010. Random 

sampling was used to create 300 samples, about 3.4 percent of total households in 

the three villages; 20 of them were used to test the questionnaire, and the rest 

were used for interviews. In the Prambanan subdistricts, 80 households were 

randomly selected from 191 households in the Jamusan subvillage in the 

Bokoharjo village. Ultimately, the total number of households that could be 

traced for an interview was 276 (216 households in the Cangkringan and 60 

households in the Prambanan subdistricts). The interviews were also conducted 

in the shelters for respondents who were still evacuated. We excluded five 

respondents from the district of Cangkringan subdistrict because of missing 

information and outliers for our relevant variables, resulting in 271 observations.  

 

6.3.2 Constructing Indicators of Disaster Risk 

Perception of risk is important since some studies note that the villagers in the 

Merapi areas did not take advantage of the relocation policy after an eruption 

destroyed their village. This response may be explained by the locational 

advantages of the Merapi area (for instance, advantages in crop cultivation, 

livestock rearing, and sand mining), along with the traditional belief system 

(Dove 2008; Donovan 2010; Bappenas and BNPB 2011). 

The respondents’ perception of risk is based on their response to the 

question:  ‘Was your place of residence in a disaster-prone area (for any natural 

disasters)?’.  This question assesses the former place of residence or the place of 

residence before the 2010 eruption. Therefore, their response may indicate the 

respondents’ disaster risk perception in their former place of residence. Based on 

their response, we classified respondents into two groups of risk perception: 

‘living in disaster-prone area’ and ‘not living in disaster-prone area’. These 

indicators can be considered as lay people’s judgements of disaster risks. 

 We can also produce other indicators of eruption risk (risk assessments by 

the experts on the Merapi volcano), based on the Merapi Hazard Map following 

the discussion in Section 6.2.1. In response to the large 2010 eruption, the Center 
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of Volcanology and Geological Hazard Mitigation (CVGHM) updated the Merapi 

Hazard Map (Figure 6.1). The first Merapi Hazard Map was made in 1978 and 

later revised in 2002.  

 

 

Notes:  This map was produced by the CVGHM, in March 2011, and taken from 
Bappenas and BNPB (2011: p. 62); both directly and indirectly affected areas are in 
Hazard Zone III.46 
 

Figure 6.1 Merapi Hazard Map 2011 
 

The map shows three hazard zones: Hazard Zone I (HZ I), Hazard Zone II (HZ 

II), and Hazard Zone III (HZ III). The most dangerous zone is HZ III. There are 

two sub-areas in this zone: the directly affected area (DA) and the indirectly 

affected area (IA) by the eruptions. Subvillages in HZ III were then identified by 

the government of Sleman District (Bappenas and BNPB 2011: p. 73). These sub-

villages were also classified into two categories: totally affected, and partly 

affected. Based on the hazard zone classification, DA is clearly the most 

                                                             
46 This map has a low resolution. For a high resolution map see 
http://geospasial.bnpb.go.id/wp-content/uploads/2011/05/2011-04-
29_KRB_Area_Terdampak_Langsung_Merapi.pdf 
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dangerous area. The development policies of DA are as follows: (1) this area is 

not recommended for human settlements; (2) this area is highly recommended 

for forestry, as a conservation area, and for eco-tourism; (3) infrastructures in this 

area are provided to support the conservation area, eco-tourism, and disaster 

mitigation. The zero growth policy also applies to Zone IA. Zone II is planned to 

become an area for limited expansion with strict land use control. Zone I is safer 

than Zone II, but the risk of a lava flood cannot be excluded.  

 
Table 6.1 Pre-eruption Place of Residence: Experts’ Assessment and Respondents’ 

Perception 
 

Assessment of Risk Respondents' Perception of Risk 
by using the Hazard Map (Disaster-prone area) 
  No Yes Total 
Panel A: Cangkringan and Prambanan (N=271) 
Hazard Zone III: 
-No 58 9 67 
-Yes 38 166 204 
-Matching rate (%) 82.66 
Directly Affected Area: 
-No 67 34 101 
-Yes 29 141 170 
-Matching rate (%) 76.75 
Panel B: Cangkringan (N=211) 
Hazard Zone III: 
-No 0 7 7 
-Yes 38 166 204 
-Matching rate (%) 78.67 
Directly Affected Area: 
-No 9 32 41 
-Yes 29 141 170 
-Matching rate (%) 71.09 
Notes: This table is based on the household survey 2012. The matching rate is the 
percentage of total matched responses (in shadowed cells) per total number of 
respondents for the respective zone.   

 

The results are presented in Table 6.1 for all respondents (Panel A) and for the 

Cangkringan subdistrict only (Panel B). Panel A shows that the experts’ risk 

assessments based on the Merapi Hazard Map are in line with the respondents’ 
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risk perception. The matching rate of risk perceptions is 83% and 77% for HZ III 

and DA, respectively. We also provide a cross-tabulation only for those 

respondents from the Cangkringan subdistrict, since this is close to the source of 

volcanic risk. The results are presented in Panel B. As we can see, there are no 

significant differences in the matching rates between Panel B and Panel A.  

Overall, the high matching rates reported in the table suggest that the 

respondents’ perceptions of risk are in line with the experts’ perceptions of risk. 

However, explaining the determinants of the respondents’ perception of risk 

itself is not the goal of our investigation. 

 

6.3.3 Data Related to Demand for Disaster Microinsurance 

The section of the disaster microinsurance in the questionnaire begins with a 

description about insurance in general, followed by a question with four possible 

answers to assess respondents’ knowledge about insurance (see Table 6.2). A 

description of disaster microinsurance is then presented. These steps are 

implemented in the survey in order to minimise measurement errors. The 

surveyors explained what insurance is, and re-explained it for respondents who 

still did not understand the explanation. The meaning of disaster microinsurance 

was also explained to respondents before the surveyors asked further questions. 

Since it is microinsurance for natural disaster risks, the survey also assessed the 

main concern of respondents based on their experience of the 2010 Merapi 

eruption, by choosing one of six possible impacts of this eruption (house 

damaged; crop damaged; cattle killed or lost; health problems; unemployment 

problems; and children’s education). This strategy was used to link questions on 

insurance to the context of disaster risks. 
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Table 6.2  Definition and Questions Related to the Knowledge of Insurance and 
Participation in Disaster Microinsurance 

 
Basic definition of insurance:  
Insurance is a type of protection for people who face exposure or certain risk, where they 
pay a certain amount of money according to the probability of the exposure or risk. The 
policy holders will be compensated in accordance with the insurance agreement if their 
losses have been formally identified through investigation. 
Perception of insurance: 
In your opinion, the right statement about insurance is (choose the best one):  
1. A policy holder will have to pay a certain amount of money regularly for insurance in 

order to anticipate unexpected events in the future. 
2. Receiving a certain amount of money from an insurance company means that we 

receive financial aid from an insurance company.   
3. Insurance is a type of savings or investment, in which we deposit our savings 

regularly. 
4.  Insurance is a type of collateral for applying credit to a commercial bank. 
Identifying insurance companies: 
Please mention the name of an insurance company. (open-ended question) 
Experience with insurance products: 
Does your household have experience of insurance products (for instance, life insurance, 
health insurance, insurance for vehicles)? 
Description of disaster microinsurance: 
The main aim of disaster microinsurance is to protect low-income people from certain 
natural hazards, where people pay a fixed premium according to the likely occurrence of 
natural hazards and their risk. The insurance targets people who do not have access to 
conventional insurance or public schemes. The basic principle of disaster microinsurance 
is that, if participants have regularly paid a certain amount of disaster insurance 
premium, they will get compensation for their losses that have been officially identified 
due to a natural disaster.  
Need insurance as a protection: 
In your opinion, do you need insurance to protect your household from the risk of a 
natural disaster that you have mentioned?  
Willingness to participate in disaster microinsurance: 
By considering your experience with the Merapi eruption in 2010 and your financial 
position, are you interested in participating in disaster microinsurance programmes?  
 

It is important to note that, in an ideal situation (for instance, a perfect insurance 

market), one may assume that questions about the need for insurance, and the 

interest in participating in disaster microinsurance can be directed to respondents 

who have a perfect knowledge of insurance. But it is difficult to expect that 

respondents would have a such perfect knowledge, even in developed countries. 

For instance, McCormack et al. (2002) find that a sizable proportion of Medicare 
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beneficiaries in Kansas City are unaware of some basic and critical aspects related 

to cost, coverage, and supplemental insurance options, although they are already 

informed about some elements of the Medicare program. Therefore, they argue 

that the development of meaningful information for beneficiaries is important. In 

a recent study of the health insurance, Paez et al. (2014) state that one factor that 

may determine whether consumers select a suitable health plan and use health 

insurance to their best advantage is health insurance literacy. In particular, they 

argue that health insurance literacy has four domains: (a) health insurance 

knowledge (such as insurance terms and beneficiary terms); (b) information 

seeking (such as evaluating credibility of information sources); (c) document 

literacy (such as read and follow written instructions); and (d) cognitive skills 

(such as assessing preventive care and personal risk), and added self-efficacy as 

an underlying domain (see Paez et al. 2004: 229). 

Nevertheles, we are also interested in the influence of insurance literacy on 

the household decision to participate in disaster microinsurance (see, for 

instance, Wang et al. 2012). We then construct a simple index representing the 

respondents’ general knowledge about insurance based on three elements. These 

elements are: (1) whether a respondent was able to choose the correct answer to a 

question about the basic description of insurance (see ‘perception of insurance’ in 

Table 6.2; (2) whether a respondent was able to mention at least one name of an 

insurance company (‘identifying insurance companies’ in Table 6.2); and (3) 

whether a respondent had experience of insurance products (‘experience with 

insurance products’ in Table 6.2). Specifically for the first element, the correct 

answer is the first option. These three elements are in binary values. Therefore, 

those respondents who chose the correct option of perception of insurance, can 

correctly identify names of insurance companies, and also had experience with 

insurance products, are then classified as having high insurance knowledge. 

When respondents do not answer correctly, and they had no experience with any 
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insurance products, we classified them as having no insurance knowledge. These 

criteria result in four levels of insurance literacy: illiterate, low, moderate, high.47  

The survey then delivered a question to determine whether respondents 

would be interested in participating in disaster microinsurance in view of their 

experiences with the eruption of the Merapi volcano in 2010, as well as, of their 

financial situation. This question is preceded by a question to determine whether 

respondents need insurance as a protection against natural disaster risks. The 

intuition of using this step is that only those respondents who need insurance 

might be interested in participating in disaster microinsurance.  

  

6.3.4 Logit Model 

We use logit regression to investigate the determinants of demand for this 

microinsurance in the context of the eruption risks of the Merapi volcano. Our 

variables of interest are: disaster risk, and insurance literacy.  The following logit 

model will be used:   

  

  

where Pi is the probability of respondent i being interested in participating in a 

(hypothetical) disaster microinsurance scheme; R represents eruption risk (a 

dummy variable); IL is indicator of insurance literacy; Xk represents a range of k 

other relevant variables; and ε is the error term. Disaster risks are those used in 

Table 6.1. Therefore, we have three dummy variables for R: household’s 

perception of risk: that is, their place of residence was in a disaster-prone area 

(DPA), Hazard Zone III (HZ3), and Directly Affected Area (DA). Insurance 

literacy was discussed earlier in Section 6.3.3.  

                                                           
47 The correlation between element (1) and (2), (1) and (3), and (2) and (3) of insurance 
literacy are 0.39, 0,23, and 0.58, respectively. 
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We follow previous studies (especially Matul et al. 2013) in adding other 

relevant variables. However, the survey that we used for our investigation did 

not offer insights from a specific operational disaster microinsurance scheme. 

Hence, we have excluded from our empirical estimation the variables ‘trust in 

insurance products’, ‘client’s value for money’ and ‘his/her perception of disaster 

microinsurance’. The first additional explanatory variable is the ratio of the 

number of household members under the age of 18 to household size (CR). We 

expect that households with higher CR have a higher interest in participating in 

disaster microinsurance. The next variable is a dummy variable for liquid assets, 

such as cash, savings, or deposits in bank accounts (LA) that is expected to have a 

negative relationship with participating in disaster insurance. With regard to 

access to ex-post disaster relief, we use a dummy variable indicating whether a 

household had access to disaster relief for housing (HR). This variable is expected 

to have a negative influence on the participation in disaster microinsurance. 

Meanwhile, the proxy for health status is the  ratio of the length of the period of 

smoking consumption to the age of the head of the household (SR). A higher 

smoking indicator index indicates a higher health risk, which might positively 

influence household participation in disaster microinsurance.  

We use three indicators of social networks. The first indicator is a dummy 

variable for households that have relatives who are known as village officials 

(RO). Other indicators are a dummy variable of membership of two types of 

associations: farmer associations (FA), and breeder associations (BA), since 

agriculture and livestock are important activities for villagers. All these social 

network indicators are expected to reduce the likelihood of a household 

participating in disaster insurance. Finally, we include an income variable to 

detect the influence of households’ ability to pay their monthly fee for disaster 

microinsurance (e.g. Akter et al. 2008). For detecting the influence of income, we 
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use monthly income per person (in log form, logPYM). This is total household 

monthly income divided by household size.48  

 

6.4 Peoples’ Response to Disaster Microinsurance 

6.4.1 Description 

To understand the background of response to disaster microinsurance, it is 

valuable to look at respondents’ main concerns related to the impact of the 

Merapi eruption in 2010. Table 6.3 shows that house damage has been identified 

by respondents as their main concern. As is known, thousands of houses were 

destroyed by the eruption. The second main concern is health problems. These 

concerns suggest that disaster insurance can play a role in dealing with the 

negative consequqnces of the risk of eruption for housing and health. 

From the survey we find that 28% of the respondents (or 75 respondents) 

stated that they were interested in participating in the hypothetical disaster 

microinsurance scheme. This figure must be interpreted with care since an actual 

disaster microinsurance scheme has not been developed for the Merapi eruption 

risk. It addresses the barrier that people must pass before they actually take the 

decision to sign up for this type of insurance scheme. The final decision will 

depend on obvious factors such as the cost of the insurance premium, the 

amount of money paid by the insurance company in case of a disaster, the details 

of the insurance contracts, and so forth. Thus, it is plausible that the actual 

response to an insurance scheme like the one discussed here would be smaller 

than the initial response we observe in the present study.  

 

 

                                                             
48 Seven respondents reported zero income. Since we use the log-income, the zero 
income of these seven respondents are assigned to the lowest positive income in the 
sample. This treatment allows us to keep these seven observations, instead of excluding 
them from the sample. 
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Table 6.3 Main Concerns Related to the Impacts of the Eruption 

Concern  All Cangkringan 
N % N % 

None 27 10 1 0 
House damaged 114 42 111 53 
Health problems 79 29 56 27 
Cattle killed or lost 16 6 16 8 
Unemployment 16 6 15 7 
Crop damaged 9 3 5 2 
Children's education 7 3 5 2 
(Missing) 3 1 2 1 
Total 271 100 211 100 

 

Table 6.4  Risk Assessments and Response to Disaster Microinsurance  

The pre-eruption place of residence (N) Interested in participating in  
 disaster microinsurance 
1. In disaster-prone area (self assessment)?  
Yes 175 52 (30%) 
No   96 23 (24%) 
2. In Hazard Zone III?  
Yes 204 59 (29%) 
No   67 16 (24%) 
3. In directly affected area?  
Yes 170 46 (27%) 
No 101 29 (29%) 
4. (1) match with (2)  
Yes-Yes 166 48 (29%) 
No-No   58 12 (21%) 
5. (1) match with (3)  
Yes-Yes 141 38 (27%) 
No-No   67 15 (22%) 
 

We can relate the respondents’ attitude to the microinsurance scheme to their 

disaster risk assessment. Using the classification used in Table 6.1, we present the 

distribution of respondents based on risk assessments (Table 6.4). In general, this 

table shows that only around 27–30% of respondents who were classified as 

facing natural disaster risks responded that they were interested in participating 

in disaster microinsurance. However, respondents who were ‘not facing disaster 

risks’ also showed a relatively similar response rate. Around 24–29% of them 
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responded that they were interested in disaster microinsurance indicating that 

they also realised the negative impacts of the eruption, even though they did not 

live in an area vulnerable to the Merapi eruption. This implies that the 

development of disaster insurance programmes should also consider the 

surroundings of the area vulnerable to the disaster. In addition, Table 6.4 also 

provides the percentage of those interested in disaster microinsurance for 

respondents whose self-risk assessment matches the experts’ assessment. It 

shows similar results, indicating disaster risk influences participating in a 

disaster microinsurance scheme, although it is not so large. 

 With regard to insurance literacy, we find that a higher level of insurance 

literacy insurance consistently increases interest in disaster microinsurance 

(Table 6.5). However, this table also shows that more than 50% of the 

respondents had no insurance literacy. Table 6.6 shows that ‘unfamiliar with the 

procedure of insurance’ is the most important reason for respondents who are 

not interested in disaster microinsurance. It is followed by a presumption that 

insurance is costly, and that insurance is for rich people only. This result 

indicates that it is important to develop insurance literacy in order to implement 

microinsurance for people living in disaster-prone areas. Lack of insurance 

literacy may limit the use of disaster microinsurance as an option in dealing with 

negative natural shocks. 

 

Table 6.5  Response to Disaster Microinsurance Based on Insurance Literacy  

Insurance literacy 
 

 Interested in participating in 
disaster microinsurance (%) 

Total 
(%) 

 No Yes  
Illiterate    43.91 10.33 54.24 
Low  16.24   7.38 24.62 
Moderate     7.75   5.90 14.65 
High    4.43   4.06   8.49 
Total  72.32 27.68 100.00 
Note: Percentage of 271 respondents. 
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Table 6.6 Reasons for Not Being Interested in Participating in Disaster Microinsurance   

Main reason  % 
Unfamiliar with the procedure 46 
Insurance is costly, while income is limited  28 
Insurance is for rich people only 10 
Community has its own coping strategy 5 
Family support is still available 4 
Does not trust insurance 2 
Government or non-government support is available   2 
No need for insurance, having financial ability 2 
Using saving as a coping strategy 1 
Note: Percentage of 167 respondents. 

 

6.4.2 Determinants of Response to Disaster Microinsurance  

This section presents the results of our empirical analysis of the determinants of 

the probability of participating in disaster microinsurance. Summary statistics are 

provided in Table 6.7, and the baseline results are presented in Table 6.8.  

Table 6.8, Column (1), shows that the respondent’s perception of natural 

disaster risks shows statistically significant effects on the probability of a 

respondent being interested in participating in a disaster microinsurance scheme. 

This suggests that people’s perception of volcanic risk has a positive influence on 

the probability of participating in a disaster microinsurance scheme. The positive 

influence of risk perception also indicates that respondents are aware of 

important strategies, of which disaster microinsurance is a promising option.  

The result of this baseline model also shows that insurance literacy has a 

large influence on the probability of a respondent being interested in 

participating in disaster microinsurance.  This result confirms the important role 

of insurance literacy in affecting the probability of households being interested in 

participating in a disaster microinsurance scheme (see, e.g., Wang et al. 2012).  It 

also implies that it is important to develop insurance literacy in order to increase 

the rate of participation in disaster microinsurance. Therefore, the results confirm 

the expectation concerning the influence of our two main variables of interest. 

 



Living with the Merapi Volcano  143 
 

  
 

Table 6.7 Summary Statistics 

Notation Variable Description Mean Median Std. 
Dev. 

PI Interested in 
participating 

Respondent was interested in  
participating in disaster 
microinsurance (D) 

0.28 0.50 0.45 

DPA Disaster- Prone 
Area 

Place of residence was in 
disaster-prone area (D) 

0.65 0.50 0.48 

HZ3 Hazard Zone 
III  

Place of residence was in the 
Hazard Zone III (D) 

0.75 0.50 0.43 

DA Directly 
Affected Area 

Place of residence was in the 
Directly Affected Area (D) 

0.63 0.50 0.48 

IL Insurance 
literacy 

Mean average of three 
dummy variables for 
insurance knowledge (see 
text) 

0.25 0.50 0.33 

CR Children Ratio of the number of 
children below 18 years to 
household size 

0.22 0.38 0.22 

LA Liquid assets Household has liquid assets 
(D) 

0.69 0.50 0.46 

HR House relief Household received house 
relief (D) 

0.35 0.50 0.48 

SR Smoking risk Ratio of the length of 
smoking consumption period 
of household head to her/his 
age 

0.21 0.44 0.26 

RO Relatives Household has relatives who 
are village officials (D) 

0.11 0.50 0.31 

FA Farmer 
associations 

Member of farmer 
associations  (D) 

0.36 0.50 0.48 

BA Breeder 
associations 

Member of breeder 
associations (D) 

0.38 0.50 0.49 

logPYM Income (log) log of household monthly 
income/person (Rp) 

5.40 4.95 0.60 

Note: (D) indicates a binary variable (1=yes; 0=no). 

 

As expected, access to house relief negatively influences respondent’s interest in 

participating in disaster microinsurance. It means that respondents who have 

access to house relief tend to have a low probability of accepting disaster 

microinsurance. We also find that the smoking risk variable positively affects the 

respondent’s probability of being interested in participating in disaster 
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microinsurance. A higher value of the smoking indicator indicates a higher 

health risk, and volcanic eruptions increase this health risk.   

 

Table 6.8 Determinants of Participation in Disaster Microinsurance  

Variable 1 2 3 
Disaster Prone Area (self assessment)   0.57* 

 
 

 (0.34) 
 

 
Hazard Zone III (expert assessment) 

 
    0.56 

 
 

 
   (0.41) 

 Directly Affected Area (expert assessment) 
  

0.18 

 
  

(0.33) 
Insurance Literacy     1.69***   1.75***  1.68*** 

 (0.47)    (0.46)   (0.46) 
Children 0.44     0.48     0.46 

 (0.68)    (0.68)    (0.68) 
Liquid Assets    −0.32   −0.26   −0.28 

 (0.33)    (0.33) (0.33) 
House Relief    −0.69**   −0.60*   −0.51 

 (0.34)    (0.34) (0.34) 
Smoking Risk   0.96*     0.90   0.97* 

 (0.58)    (0.58) (0.58) 
Relatives    −0.18   −0.29   −0.24 

 (0.48)    (0.49) (0.48) 
Farmer Association −0.61*   −0.61*   −0.69** 

 (0.34)    (0.34) (0.33) 
Breeder Association   0.60*     0.53   0.61* 

  (0.32)    (0.33) (0.32) 
Log (Income/Person)    −0.21   −0.13   −0.15 

 (0.28)    (0.29) (0.28) 
Constant    −0.58   −1.12   −0.69 

 (1.44)    (1.54) (1.48) 
Pseudo R-squared 0.096 0.094 0.088 
Log lik. −144 −145 −146 
Wald chi-squared 25.36 27.88 25.98 
Correctly classified (%) 73.06 73.43 74.91 
N   271   271  271 
Notes: The dependent variable is ‘Interested in participating in disaster microinsurance’ 
(1=Yes; 0= No). RSE (robust standard errors) are in parentheses. * significant at the 10% 
level; ** significant at the 5% level; *** significant at the 1% level.   
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With regard to social networks, the result of the baseline model shows that 

respondents who are members of farmer associations tend to have a low 

probability of being interested in participating in disaster microinsurance. The 

negative effect of membership in farmer associations supports the argument that 

this local association plays an alternative role for villagers to cope with the 

impact of volcanic eruption. This causes disaster microinsurance to be less 

important. The farmer association may also play a role as a channel for the 

delivery of disaster relief specifically allocated to restore farming activities in this 

area. But a different role is found for membership in breeder associations. Being a 

member of a breeder association increases the probability of being interested in 

participating in disaster microinsurance. One possible reason for this difference is 

that breeding activities—including the rearing of dairy cows—have a relatively 

important role, in terms of their economic value, compared with traditional 

farming for villagers in the Merapi area. It is also possible that breeder 

associations are better organised than the farmer associations. 

Overall, the findings suggest that the most important variables are: 

perception of natural disaster risks; insurance literacy; house relief; smoking risk; 

and local social networks (memberships of farmer and breeder associations).  

Income and liquid assets variables have no statistically significant coefficients. 

However, it should be noted that, if we focus on coefficents with a high levels of 

significance, then insurance literacy is the only variable that is consistently 

statistically significant, indicating that this variable plays an important role in 

affecting whether respondents participate in disaster microinsurance. 

In Columns (2) and (3) we provide alternative models in which we replace 

respondents’ perception of risk with other indicators of risk that represent risk 

from the experts’ perspective. The sign of the regression coefficients is basically 

the same as in the first model. The main difference is that these experts’ 

perceptions of risk indicators do not have a statistically significant influence on 

the participation in disaster microinsurance. On the other hand, insurance 

literacy and membership in farmer associations are always statistically significant 
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correlated with the probability to participate in disaster microinsurance. Based on 

this comparison, our preferred result is the result in column (1).  
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Notes: The fitted model is Specification (1) in Table 6.8.  The predicted probability is 
based on the median value of the independent variables—except insurance literacy 
(DPA=0.50, CR=0.38, LA=0.50, HR=0.50, SR=0.44, RO=0.50, FA=0.50, BA=0.50, 
logPYM=4.95). The 95% confidence interval is marked, shown by the shaded area in the 
figure. 

 

Figure 6.2 Simulated Probabilities to Participate in Disaster Microinsurance 

 

The results suggest that insurance literacy has a large impact on the respondents’ 

decision to participate in this microinsurance. We then use this variable to 

simulate the probability of respondents being interested in participating in a 

disaster microinsurance. Such a simulation is useful to identify policy 

implications with regard to the opportunity to establish this type of insurance for 

people living in disaster-prone areas. We use our preferred result, specification 

(1) in Table 6.8, to simulate probabilities (Figure 6.2). All independent variables 
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used are their median values, except insurance literacy. Figure 6.2 shows that 

higher insurance literacy increases the probability of a respondent participating 

in disaster microinsurance. Therefore, our simulations confirm that insurance 

literacy plays an important role in determining the rate of participation in a 

disaster microinsurance scheme. The policy implication of this finding is that the 

insurance literacy of potential participants should also be developed along with 

designing and implementing a relevant microinsurance scheme for people living 

in a specific disaster-prone area like the Merapi volcano. 

 

6.5 Conclusion   

The main objective of this chapter was to investigate the influence of the 

perception of natural disaster risks on the probability of a respondent being 

interested in participating in a hypothetical disaster microinsurance scheme. We 

use household data to assess a specific disaster risk, notably the risk of an 

eruption of Mount Merapi in Java. This study can provide some early evidence 

on this prospective counter-measure of natural disaster risks.  

 On the basis of a logit model we find that the respondents’ perception of 

natural disaster risks positively influences their interest in participating in 

disaster microinsurance. This result also suggests that households living in 

disaster-prone areas are aware of the risks of their location. This awareness then 

increases the probability of a respondent being interested in participating in 

disaster microinsurance as a tool to minimise the impact of natural disasters. It 

implies that local people’s perception of natural disaster risks should be taken 

into account in designing and proposing a specific insurance scheme for people 

living in areas vulnerable to natural disasters.  

We also find that insurance literacy has a strong positive relationship with 

the respondents’ interest in participating in disaster microinsurance. The large 

effect of insurance literacy implies that it is important to develop insurance 

literacy in order to increase the rate of participation in disaster microinsurance. 

Whether respondents showed an interest in participating in disaster 
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microinsurance is also determined by their access to house relief, membership in 

local associations and health risk that is related to smoking behaviour. We 

conclude that these variables should also be considered when studying and 

implementing microinsurance schemes as a formal coping strategy for people 

living in disaster-prone areas.  

Finally, this study uses household level data to investigate the impact of a 

specific natural disaster, viz. a volcanic eruption of Mount Merapi. It should be 

noted that a volcanic eruption is only one of the natural disasters in Indonesia 

that can negatively affect the lives of local people. Furthermore, we argue that 

natural disaster risks and their influence on participation in disaster 

microinsurance scheme are closely related to the specific location.  

  

 



149 
 

CHAPTER 7   ───────────────────── 

 

Conclusion  

 

 

 

  

7.1 Introduction 

Research on the socio-economic impacts of natural disasters is still in its infancy, 

although the statistics show that the impacts are large. Furthermore, natural 

disasters have been identified as one of the systemic risks that may negatively 

affect vulnerable people, communities, and countries, especially in developing 

countries (World Bank 2013).  

This thesis has focussed on Indonesia, a developing country that is one of 

the ten most disaster-affected countries during recent decades (CRED 2015). It 

has empirically investigated the impacts of four large natural disasters: the 

Krakatoa eruption in 1883; the Indian Ocean tsunami in 2004 (and the Nias 

earthquake in 2005); the Yogyakarta earthquake in 2006; and the Mount Merapi 

eruption in 2010.  

This final chapter summarises the main conclusions based on the findings 

in previous chapters, presents policy implications, and makes suggestions for 

further research.  

 



150 Chapter 7 
 

7.2 Summary of the Empirical Results 

Chapter 2, following the approach of Davis and Weinstein (2002), investigated 

the impact of one of the most severe volcanic eruptions, viz. the Krakatoa 

eruption in August 1883, which had a huge effect on the spatial distribution of 

population across residencies in Java. First, we present a brief historical 

description of this eruption, and of the economic development and population 

growth in colonial Java. Historical data of the indigenous population at the 

residency level, covering the period from 1880 to 1928, have been used for the 

analysis, in order to find out whether the Krakatoa eruption had a permanent 

impact on the spatial distribution of economic activities, i.e. the population 

distribution. The main finding of this chapter is that the Krakatoa eruption had 

no permanent impact on the spatial distribution of the population across the 

regions in Java. This implies that the evidence gives support to locational 

fundamentals theory, which argues that the advantages of particular locations 

are persistent, and give rise to a relatively rapid growth rate on the path to 

recovery of regions that have been hit by a negative shock. 

 In Chapter 3 we focussed on the impact of the consecutive disasters of the 

Indian Ocean tsunami in December 2004 and the Nias earthquake in March 2005 

on the spatial distribution of population in Northern Sumatra. The approach 

used in this chapter was similar to that used in Chapter 2: that is, we again 

followed Davis and Weinstein (2002). An important difference is that this large 

natural disaster in Northern Sumatra resulted in a massive allocation of recovery 

funds; and it was followed by another positive shock stemming from the peace 

deal between the Indonesian government and the GAM. Therefore, we also 

included these two shocks in our empirical estimations. We did not find any 

significant change in the relative position of regions in Aceh and North Sumatra 

with respect to their population size. Our model of estimated population growth 

also suggests that the twin disasters had only a temporary impact, which, again, 

supports locational fundamentals theory. Furthermore, we also find that the 

peace deal is important in explaining the dynamics of population growth in the 
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region. However, the contribution of recovery funds to post-disaster population 

growth is relatively small.  

Chapter 4 investigated the impact of the Yogyakarta earthquake on 27 

May 2006 on local economic growth in the provinces of Yogyakarta and Central 

Java. The focus of this chapter was on the heterogeneous response of economic 

sectors to the earthquake, the sectoral spillover, the spatial economic spillovers 

from the affected districts to the non-affected districts, and the overall impact of 

the earthquake on the relative economic position of the affected districts. The 

approaches used in this chapter were based on Von Peter et al. (2012), Groot et al. 

(2011), and Xiao and Nilawar (2013). We find that the non-primary sectors were 

more vulnerable to the earthquake than the primary sectors, which suggests that 

different sectors tend to respond differently to the earthquake. The negative 

impacts of the earthquake have become smaller in the long term. We also find 

that different sectors have different sensitivity to the fluctuation of other sectors. 

The spatial spillover effects also varied across different sectors, and they could be 

in a positive (substitution effects) or negative direction (complementary effects). 

The overall finding is that the earthquake affected the growth of some sectors in 

the affected districts, but this shock did not change either the (industrial) 

structure or the spatial distribution of economic activities between the affected 

districts and the non-affected districts. 

In Chapter 5 we also investigated the impact of the Yogyakarta earthquake 

in 2006, but focussed on firm survival, using manufacturing data from 

Yogyakarta province. Our main interest was to find out whether this earthquake 

had cleansing effects and scarring effects on the manufacturing industry in the 

province. It is argued that the magnitude of cleansing and scarring effects 

determines the overall impacts of shocks on the allocation of resources as a 

natural selection process (Barlevy 2002; Ouyang 2009). Our descriptive analysis 

shows that the earthquake reduced the survival rate by forcing out unproductive 

firms, but it also opened opportunities for new producers. We also find that the 

decrease in productivity of the surviving firms was relatively large. But, the new 
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firms that entered the industry after the earthquake had higher productivity than 

the surviving firms. Further empirical investigations confirm that those firms 

which had higher productivity prior to the earthquake were more likely to 

survive after the earthquake, which suggests the cleansing effects of the 

earthquake. There is no evidence of any scarring effects of the earthquake on the 

new entrants, as the study finds that the new firms that entered the industry 

prior to the earthquake had a higher probability of survival. This indicates that 

the earthquake did not destroy the infant firms.  

Chapter 6 was the final empirical chapter. This chapter is different 

compared with the four previous chapters. Those chapters focussed on the 

impacts of natural disasters, while the aim of Chapter 6 was to explore some 

early evidence on disaster microinsurance as a prospective means of protection 

against natural disaster risks. More specifically, referring to Matul et al. (2013), 

the influence of the perception of natural disaster risks and insurance literacy on 

the probability of local people to participate in a hypothetical disaster 

microinsurance scheme is investigated. The empirical investigation is based on 

household data that map the disaster risk associated with the eruption of Mount 

Merapi in Java, and that were collected around two years after the 2010 Merapi 

eruption. 

The descriptive analysis suggests that the respondents’ perception of the 

risk of natural disaster is in line with the experts’ risk assessment. Furthermore, 

the estimation results show that this perception has a positive relationship – 

although not very strong – with the interest to participate in disaster 

microinsurance. We also find that insurance literacy is positively correlated with 

the respondents’ interest to participate in disaster microinsurance.  

 

7.3 Policy Implications  

As found in Chapters 2 and 3, natural disasters did not permanently affect the 

allocation of economic activities, as measured by the population distribution. 

This supports the important role of locational advantages. At the same time, 
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Chapter 3 shows that the effect of the recovery funds on post-disaster growth is 

relatively small. This indicates that there was an inequality issue in delivering 

disaster funds for reconstruction across the regions. The implication of this is that 

the reconstruction approach should also take account of the spatial differences 

between the affected regions. The importance of this strategy is to improve the 

ability of regions to speed up their economic recovery. 

 Chapter 4 also basically confirmed the temporary impact of natural 

disasters, and it was found that there was no impact on the spatial distribution of 

economic activities. But this chapter also showed that different sectors responded 

differently to natural disasters, and to the fluctuation of other sectors. The policy 

implication that can be drawn from these findings is that it is important to focus 

more on the most sensitive sectors, depending on the type of natural disaster and 

affected locations. In addition, it is also important to facilitate the entry of 

potential producers to a particular industry.  

 The last policy implication relates to Chapter 6 that discussed disaster 

microinsurance, with regard to which there are two policy implications. First, 

developing and implementing this microinsurance should be appropriate to the 

specific type of natural disaster. Second, it is important to develop the insurance 

literacy of people living in disaster-prone areas. 

  

7.4 Suggestions for Further Research  

This thesis has investigated the socio-economic impacts of some large geological 

natural disasters in Indonesia by using unique data sets from historical sources, 

government offices, or statistical agencies for aggregate and firm level data and a 

field survey at household level conducted by a joint team from the Gadjah Mada 

University of Indonesia and the Indonesia Project of ANU Canberra. From the 

spatial perspective, the lowest aggregation of data used in this thesis is the 

district level. As natural disasters may have different consequences over different 

localities, it is recommended that future research should also use economic data, 

at subdistrict level in order to document the economic impacts of natural 
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disasters at a more local level, an at micro level. Further research could also cover 

other major natural disasters including those are caused by non-geological 

processes, such as droughts that have been the concern in recent studies.  

All the empirical studies in this thesis are focussed on Java and Sumatra, 

the most densely populated regions in Indonesia. Meanwhile, other islands in the 

Eastern part of Indonesia have also experienced natural disasters. East Nusa 

Tenggara, for example, experiences severe drought that may affect agricultural 

production and people’s welfare, and also influence population movements. 

Therefore, further study should also concern Eastern Indonesia, as it is the most 

lagging region in Indonesia (see Both 2004), and is also vulnerable to natural 

disasters, but the impacts of natural disasters in this region are still rarely 

explored, mainly because there is a lack of sufficient data. 
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SAMENVATTING (SUMMARY IN DUTCH)   

 

 

Dit proefschrift richt zich op de sociaal-economische gevolgen van natuurrampen 

in Indonesië, een dichtbevolkt ontwikkelingsland dat in de recente geschiedenis 

door een aantal grote natuurrampen is getroffen. Meer in het bijzonder richt het 

onderzoek zich op de uitbarsting van de Krakatau in 1883, de tsunami in 

december 2004 en de daaropvolgende aardbeving in maart 2005, beiden in Nias, 

de aardbeving in Yogyakarta in 2006, en de eruptie van de Merapi in 2010. De 

belangrijkste conclusies van het onderzoek laten zich als volgt samenvatten:  

1. De impact van de natuurrampen is slechts van tijdelijke aard geweest, 

hetgeen wijst op de relevantie van de theorie die wijst op het 

fundamentele belang van locatiefactoren voor vestigingsgedrag. In dit 

proefschrift worden de drie grootste natuurrampen uit de geschiedenis 

van Indonesië onderzocht, nl. de vulkaanuitbarsting van de Krakatau in 

augustus 1883, de tsunami in december 2004 en de daaropvolgende 

aardbeving op Nias in maart 2005. Op basis van historische data over de 

inheemse bevolking van Java ten tijde van de Nederlandse bezetting laat 

Hoofdstuk 2 zien dat de uitbarsting van de Krakatau geen blijvende 

invloed heeft gehad op de ruimtelijke verdeling van de bevolking op Java. 

Uit de analyse in Hoofdstuk 3 blijkt dat ook de tweelingramp van de 

tsunami en de aardbeving op Nias, onderwerp van Hoofdstuk 3, slechts 

een tijdelijk effect op de verdeling van de bevolking heeft gehad in Noord-

Sumatra. Deze bevindingen ondersteunen de theorie die het belang van 

locatie-specifieke factoren benadrukt en leidt tot de conclusie dat 

economische systemen zelfs na forse schokken een sterke neiging hebben 

om zich te herstellen.  

2. De mate waarin sectoren worden getroffen door natuurrampen verschilt 

tussen sectoren. Hoofdstuk 4 onderzoekt de impact van de aardbeving in 
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Yogyakarta in 2006 op de economische groei in de provincie Yogyakarta 

en op Centraal Java. De resultaten bevestigen dat primaire sectoren 

minder sterk worden getroffen door de aardbeving dan overige sectoren. 

Bovendien laat het onderzoek zien dat de doorwerking op andere sectoren 

duidelijk uiteen loopt. Ook de ruimtelijke spillover effecten verschillen per 

sector. De uiteindelijke impact van de aardbeving op de sectorstructuur en 

de ruimtelijke verdeling van economische activiteit blijkt beperkt te zijn, 

wat aansluit bij de eerste hoofdconclusie van dit proefschrift.  

3. De kans op overleven na een natuurramp voor een bedrijf is sterk 

afhankelijk van de productiviteit van het getroffen bedrijf. De invloed van 

de aardbeving in Yogyakarta in 2006 op de industrie is in Hoofdstuk 5 

onderzocht met behulp van bedrijfsdata voor ondernemingen in de 

provincie Yogyakarta. Het onderzoek toont aan dat de aardbeving minder 

productieve bedrijven van de markt heeft gedrukt, en dat het tegelijkertijd 

ruimte heeft gecreëerd voor nieuwkomers. De kans op overleven voor 

reeds bestaande bedrijven hangt positief af van de productiviteit 

voorafgaand aan de aardbeving. Er zijn geen aanwijzingen dat de 

aardbeving kansrijke nieuwe bedrijven heeft weerhouden om toe te treden 

tot de markt.  

4. De beslissing om een micro-verzekering af te sluiten is sterk afhankelijk 

van de perceptie van de verzekernemer van het risico op een natuurramp. 

Micro-verzekeringen tegen natuurrampen worden vaak voorgesteld als 

een instrument waarmee een bevolking zich kan verzekeren tegen de 

nadelige gevolgen van een natuurramp. Hoofdstuk 6 van dit proefschrift 

richt zich op de vraag wat de invloed is van de perceptie van het risico op 

natuurrampen en van de kennis van verzekeringen op de kans dat de 

bevolking die woont in de directe omgeving van de actieve Merapi-

vulkaan daadwerkelijk een (hypothetische) verzekering afsluit. Het 

onderzoek toont aan dat de perceptie van de lokale bevolking 

overeenkomt met de risico-inschattingen van experts. Het hoofdstuk laat 

bovendien zien dat de risico-perceptie positief (hoewel niet heel sterk) 
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samenhangt met de geneigdheid een verzekering af te sluiten. Kennis over 

verzekeringen is een andere belangrijke determinant van de geneigdheid 

een verzekering af te sluiten.  

 

Een belangrijke beleidsconclusie die uit dit onderzoek volgt is dat economisch 

herstel gebaat kan zijn bij hulp, maar dat de locatie-specifieke context in sterke 

mate de effectiviteit van de hulp bepaalt. Bovendien dient beleid zich rekenschap 

te geven van de verschillen in sectorstructuur en de heterogeniteit in de wijze 

waarop sectoren door natuurrampen worden getroffen. Het bieden van hulp aan 

bedrijven om adequaat om te kunnen gaan met de gevolgen van natuurrampen 

is belangrijk. Om de bevolking te beschermen tegen de gevolgen van 

natuurrampen verdient het aanbeveling om verder te investeren in het 

ontwikkelen en invoeren van micro-verzekeringen. Daarbij is het van groot 

belang aandacht te schenken aan de ontwikkeling van de kennis van de 

bevolking over het bestaan en de werking van de verzekeringen.  

 

Vervolgonderzoek zou zich kunnen richten op ruimtelijk verder 

gedesaggregeerde data. Daarmee kunnen de gevolgen van de natuurrampen nog 

exacter in kaart worden gebracht. Ook is meer aandacht voor Oost-Indonesië op 

zijn plaats. Deze regio blijft qua ontwikkeling achter bij de rest van het land en is 

zeer gevoelig voor het optreden van natuurrampen.  

 

 

 



  
 

  

 



  
 

  

 






