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Abstract 

This study employs spatial econometric modeling to investigate the relationship between 

natural disasters and poverty in Indonesia. Panel data spanning 2011 to 2019 are sourced 
from reputable authorities, including the Central Bureau of Statistics and the Natural 

Disaster Management Agency of the Republic of Indonesia. Empirical findings confirm 

the presence of spatial autocorrelation in provincial-level poverty in Indonesia, indicating 

interdependence among neighboring regions in terms of poverty dynamics. This study 
deviates from existing literature by revealing a surprising result: natural disasters are 

statistically associated with reduced provincial-level poverty. This counterintuitive 

outcome underscores the importance of governmental policies, programs, and external 
financial aid in mitigating the impact of natural disasters. Financial assistance and 

empowerment initiatives from third-party entities, such as NGOs, religious organizations, 

and youth groups, play a crucial role in helping disaster-affected communities. These 
findings offer valuable insights for policymakers. They can use this research to inform 

disaster response strategies and develop targeted poverty reduction programs at both inter-

provincial and inter-regional levels. Ultimately, this study contributes to the understanding 

of the complex relationship between natural disasters and poverty in Indonesia, with 
implications for policy formulation and disaster resilience efforts. 

Keywords: Indonesia, Natural Disaster, Poverty Reduction, Spatial Econometrics 

Modelling, Spatial Autocorrelation. 
JEL Classification: C33, I3, Q54. 

 

1. Introduction 
Indonesia is classified as a disaster-prone country (World Bank, 2019). This 

situation is inseparable from the geographical condition of Indonesia, which is an 

archipelagic country and is located at the confluence of four world plates, namely 

the Asian Continental Plate, the Australian Continental Plate, the Indian Ocean 
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Plate, and the Pacific Ocean Plate. In the southern and eastern parts of Indonesia, 

there is also a volcanic arc that extends from the islands of Sumatra, Java-Bali-

Nusa Tenggara, north of Sulawesi-Maluku, to Papua. This condition has the 

potential to cause geological disasters such as volcanic eruptions, earthquakes, and 

tsunamis. Not only these conditions, but the combination of Indonesia's climatic 

and topographical conditions also has the potential to cause hydrometeorological 

disasters such as floods, landslides, forest fires, and droughts (BNPB, 2016). 

As a disaster-prone country, the frequency of disasters that occur in 

Indonesia can potentially threaten socio-economic stability, especially in cases of 

poverty. It was recorded that during 2021, there were 2,109 natural disasters with 

the value of losses reaching 1.172 trillion rupiah, which is almost 14.5 percent 

compared to the total GDP. This condition is exacerbated by the number of victims 

suffering and evacuating, as well as damage to houses and public facilities (Natural 

Disaster Management Statistics, 2020).  Tasri et al. (2022) stated in their study that 

catastrophic events in Indonesia can have a direct impact on unemployment and 

poverty. Natural disasters may cause loss of livelihood, social and economic 

disruption (Awasthi, 2019). The existence of this natural disaster will also cause 

damage to the environment and residents' housing, which inhibits residents' 

activities to earn income (McMahon, 2007). More specifically, a disaster can also 

destroy people's assets and savings, which has the potential to plunge a person into 

a 'poverty trap' because productivity decreases significantly, making it difficult for 

them to rebuild their savings and assets (Carter et al., 2007).  

However, growing literatures claim contradictory results on the impact of 

natural disasters on poverty. Although several studies have shown that natural 

disasters can affect and increase poverty (Awasthi, 2019; Kawasaki et al., 2020; 

Winsemius et al., 2018), some studies actually give opposite results. There are 

several researchers have found that natural disasters are not directly linked with 

reducing poverty or have no significant effect (Abdullah et al., 2016; Groeschl and 

Noy, 2020; Warr and Aung, 2019). Leichenko and Silva (2014) found that disasters 

did not directly affect poverty, but other factors were responsible for worsening 

poverty, especially in less developed regions. However, it also depends on how 

policymakers respond to the natural disaster, yearly or seasonal natural disaster, 

which means natural disasters that happen every season or every year will 

continuously provide negative externalities on the affected area, which will cause 

the poor to become poorer (Fang et al., 2017; Miljkovic and Miljkovic, 2014).  

Research on the effect of disasters on poverty in Indonesia has been 

conducted by Putra (2017), which shows that households affected by disasters are 

more likely to experience poverty. At the household level, Putra (2017) claimed 

that natural disasters, especially floods and mountain eruptions, are statistically 

significant influences on poverty compared to other types of natural disasters. 

However, the research studies done by Putra (2017) could not examine the 

spillover effect of natural disasters between regions, which actually will give the 
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policy maker a better helicopter view of these issues and can generate more 

impactful policy recommendations that will help or enable thousands of people to 

survive from poverty when the disaster occurs. In addition, another research study 

focusing on Indonesia at the provincial level has been done by Tasri et al. (2022) 

to examine unemployment and poverty to a natural disaster. This study revealed 

that poverty and unemployment can increase the loss from natural disasters.  

The differences in the results of previous literature reviews provide a signal 

that different geographical and regional contexts may lead to different empirical 

results. To address the research gap from the previous study, the present research 

aims to challenge the spatial approach to analyze the effect of natural disasters on 

poverty in Indonesia. This research is unique and contributes to the literature 

through model development and analysis that has never been done before. This 

study also uses a different method from previous research, namely, by using spatial 

analysis to reduce the heterogeneity of each province in Indonesia. This model is 

expected to be the basis for developing a theory about the impact of natural 

disasters on poverty at the provincial level. At the application level, this model is 

expected to be an evaluation model to see the effectiveness of disaster management 

and formulate strategic policies for poor communities affected. In the realm of 

theoretical investigation, this study seeks to engender a more profound 

understanding of the intricate nexus between natural disasters and poverty. The 

ambit of inquiry extends beyond the methodological innovation to encompass 

broader economic dimensions, notably exploring the intricate relationships with 

provincial gross domestic product (GDP) and key indicators of human 

development. The import of our findings transcends the novelty of the employed 

methodology, encapsulating the substantive integration of pivotal variables that 

enrich the analytical depth and scholarly significance of this research endeavor. 

The findings from this study will provide further recommendations on disaster risk 

reduction strategies, post-disaster recovery efforts, and the design of sustainable 

development programs 

 

2. Literature Review 

Natural disasters have been a recurring phenomenon throughout human history, 

causing immense destruction and often exacerbating poverty in affected regions. 

This literature review aims to explore the complex relationship between natural 

disasters and poverty by examining existing theories, research, and empirical 

evidence. The grand theory of natural disaster on the scope of economics has been 

published by Albala-Bertrand (1993). This grand theory measures the impact of 

natural disasters on the macroeconomic variables, namely capital and growth rate 

output. The assumption for this theory is (i) a Natural disaster has already taken 

place within the country; (ii) the country has capital stock; (iii) the disaster reduces 

stock capital in the long term; (iv) all losses are capital stocks; and (v) capital stocks 

are homogeneous. Moreover, the grand theory can be explained in the following 
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equations: 

  ∆𝐾 = 𝐷 𝑤ℎ𝑒𝑟𝑒 ∆𝐾 = 𝐾𝑎 − 𝐾𝑏  (1) 

where: 

K: Capital 

D: Total disaster loss 

a: before the disaster impact 

b: after disaster impact 

with the assumption that the global capital-output ratio fluctuates so that it can 

defer for the loss of capital will be deferred. 

  𝑐 =  
𝐾

𝑌
=

∆𝐾

∆𝑌
 (2) 

where: 

c: Capital Output Ratio 

∆𝑌=𝑌𝑎 − 𝑌𝑏 (The expected output loss) 

Y = Output (Income) 

By solving equation 2 for ∆𝑌 and substituting ∆𝐾for D: 

∆𝑌 =
𝐷

𝑐
 (3) 

𝑦 =  
𝑑

𝑐
 (4) 

where:  
∆𝐾

∆𝑌
 : The growth rate of output 

𝑑 =
𝐷

𝑌
 : Loss to output ratio 

Hallegatte and Przyluski (2010) developed the concept study published by 

Albala-Bertrand (1993), by adding more comprehensive models, such as including 

direct and indirect losses from natural disasters. In these cases, Hallegatte and 

Przyluski (2010) explained that several negative effects from natural disaster do 

not have market value, hence, it’s really hard to measure. From the national 

development point of view, one of the indirect effects of natural catastrophes is 

poverty and income inequality.  

From the development of the theory of the influence of disasters on poverty, 

two main theories were obtained: the first is the vulnerability framework, in which 

poverty makes a person more vulnerable and plunges them into more severe 

poverty as a result of natural disasters through capital losses. The second scheme 

is through social capital and resilience. Several studies show that the role of social 

capital in mediating the impact of natural disasters on poverty. 

Natural disasters can affect poverty through the capital channel. This 

argument is in line with the results of previous studies, which have been studied 

by researchers for several decades. Some studies found that natural disasters 

reduced income and increased poverty (Karim and Noy, 2016; Khan et al., 2020; 

2021). This statement is also in line with the findings of Bui et al. (2014) for the 

case of Vietnam, where natural disasters reduce income and increase poverty both 
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in the affected area and the overall population. The resulting impact had a shocking 

effect on income, and poor households have difficulty adjusting in the post-disaster 

recovery (Warr and Aung, 2019). In addition, natural disasters can cause 

households with subsistence livelihoods to be trapped in a cycle of poverty where 

their assets are lost (Duncan et al., 2017). Another interesting study related to the 

indirect link between natural disasters on poverty was published by Ngoran et al. 

(2015). These studies explained that the bad infrastructure and water resources can 

leave unfortunate people no choice other than stay in poverty when a disaster 

occurs. 

The second scheme is about social capital and resilience; poverty dynamics 

occur. Leichenko and Silva (2014) analyzed the relationship between climate 

change disasters and poverty. They found that disasters did not directly affect 

poverty, but other factors were responsible for worsening poverty, especially in 

less developed regions. However, it depends on how policymakers respond to the 

natural disaster. Yearly or seasonal natural disasters will continuously provide 

negative externalities on the affected area, which will cause the poor to become 

poorer (Fang et al., 2017; Miljkovic and Miljkovic, 2014). The government should 

handle the yearly or seasonal natural disasters by creating policy packages that will 

lower the impact of natural disasters.  

The impact of natural disasters on poverty spans critical life sectors. 

Primarily, disasters can lead to Physical Damage to Infrastructure. Events such as 

hurricanes, earthquakes, floods, and wildfires can cause extensive harm to 

infrastructure, including factories, transportation networks, and utilities. Industries 

relying on physical facilities, like manufacturing, energy, and transportation, may 

encounter production halts, supply chain disruptions, and increased operational 

costs due to repair and reconstruction efforts. An additional study by Ngoran et al. 

(2015) emphasizes the indirect link between natural disasters and poverty. It 

underscores that poor infrastructure and limited water resources can leave 

vulnerable populations with no alternative but to remain in poverty when disasters 

occur.  

In the business and industrial sectors, disasters can result in Supply Chain 

Disruptions. These events often disrupt supply chains by damaging production 

facilities, transportation routes, and warehouses. Industries reliant on a consistent 

flow of raw materials and components, such as manufacturing, electronics, 

automotive, and agriculture, are particularly affected. Supply chain interruptions 

can lead to shortages, increased costs, and delays in delivering goods and services 

(Alam and Ali, 2023). Supply chain impacts and reduced demand resulting from 

natural disasters can also lead to Business Interruption and Loss of Revenue. 

Industries relying on continuous operations, such as tourism, retail, and hospitality, 

may experience substantial revenue losses due to business interruptions caused by 

natural disasters. Temporary closures, reduced consumer demand, and a decline in 

tourist inflow can result in financial setbacks and long-term economic 
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repercussions (Ngin et al., 2020; Shen et al., 2023; Siodla, 2021). 

In addition to the industrial sector, natural disasters can impact the income 

of the agricultural sector. Agriculture, being particularly vulnerable to disasters 

like droughts, floods, storms, and wildfires, can experience crop damage, livestock 

losses, and infrastructure destruction, disrupting food production. This disruption 

can lead to food shortages, price fluctuations, and economic instability in regions 

dependent on agriculture (Hua et al., 2023). Moreover, as a logical consequence of 

disaster mitigation efforts, changes in environmental regulations and policies may 

occur. Stricter regulations post-disaster can affect industries with environmental 

footprints, such as mining, energy production, and chemical manufacturing, 

necessitating costly upgrades or changes to comply with new standards (Boonmee 

et al., 2021; Joshi and Nishimura, 2016; Siriwardhana and Kulatunga, 2023) 

Another study focused on natural disaster on developing countries such as 

Vietnam where natural disasters reduce income and increase poverty both in the 

affected area and the overall population (Bui et al., 2014). The impact of natural 

catastrophic such as natural disaster had a shocking effect on income, and poor 

households have difficulty adjusting in the post-disaster recovery (Warr and Aung, 

2019). In addition, natural disasters can cause households with subsistence 

livelihoods to be trapped in a cycle of poverty where their assets were lost (Duncan 

et al., 2017). Another interesting studies related to indirect link between natural 

disaster on poverty is published by Ngoran et al. (2015). These studies explained 

the bad infrastructure and water resource can leave unfortunate people no other 

choice other than stay in poverty when disaster occurs. In the household level 

analysis, Ahmad and Afzal (2021) studied using the survey data of 398 households 

of erosion-prone riverbank area of Punjab, Pakistan. They found that natural 

disasters increased vulnerability and obstacles to socio-economic. It is in line with 

the study of Arouri et al. (2015) in Vietnam, they found that all the three disaster 

types considered in their study including storms, floods, and droughts have 

negative effects on household income and expenditure. 

The influence of disasters on poverty can vary in magnitude across different 

locations. The value of the impact of disasters on economic aspects in the form of 

capital and income is strongly influenced by the level of risk and social 

vulnerability. Due to the unequal risk between poor and rich people, each person 

experiences the different impact of natural disaster. Less developed countries 

experienced worsen human impact than developed countries due to natural 

disasters, yet developed countries suffered larger economic losses (Tselios and 

Tompkins, 2019). The reason behind it is because the disaster mitigation plan, for 

example less developed countries that do not have an infrastructure, house and 

building that is resilient from natural disaster will make more people in dangerous 

situation compared to developed countries who are more prepared with advanced 

technology and less human loss. However, the contradictory argument stated by 

Sawada and Takasaki (2017) that is economic losses due to natural disasters 
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experienced by non-poor people were greater than poor people. This is because the 

proportion of financial assets and physical assets of rich people is greater.  

The reality of the differences in risk and vulnerability that affect the 

economic and financial impacts refers to disaster management theory. Disaster 

management theory emphasizes; (i) Prevention encompasses activities focused on 

long-term risk assessment and reduction; (ii) Preparedness involves two main 

components: monitoring and detection, followed by forecasting and prediction; 

(iii) Response consists of two aspects: damage assessment and post-disaster 

coordination; (iv) Lastly, recovery involves the reconstruction and restoration of 

infrastructure (Djoumessi and Mbongo, 2022). Based on this theory, every location 

where a disaster occurs can either exacerbate or have no effect on poverty.  

The magnitude of the impact of disasters on poverty can be influenced by 

two things, namely vulnerability and coping aspects. First, the risk of natural 

disasters is not distributed equally among people thus leads unequal resilience and 

vulnerability. Poorer people have a greater risk of natural disasters or other 

negative externality because poorer citizens generally are not ready. Second post-

disaster, usually the richer have a better coping mechanism by using their saving 

and asset to manage their sufficient spending for everyday life, while the poorer 

only rely on the government and third parties’ support. In another hand, in a 

macroeconomic level natural disaster is not directly multiplying the number of 

poor people but channeling by economic growth and financial development in each 

country (Lee and Tang, 2019). However, this has become the reason why the 

growing literature claims a contradictory results on how the impact of natural 

disasters on poverty. 

In this study, other factors that influence poverty are captured through two 

explanatory variables, namely Gross Domestic Product (GDP) and Human 

Development Index (HDI). The GDP variable in this study refers to the theory of 

economic growth that is generally economic growth will reduce the level of 

poverty in macroeconomic level. To support the previous statements, an empirical 

study has proven that an increase in GDP by 10 percent can reduce poverty by 4 to 

5 percent (Balasubramanian et al., 2023; Li et al., 2015; Siburian, 2022). The HDI 

variable captures the quality of human capital in each province. The quality of 

human capital plays an important rule in making household survive from internal 

and external shock. According to production theory, increasing the aspect of 

human capital can increase income (Todaro and Smith, 2012). The increase in HDI 

is also able to reduce poverty (Ottoni et al., 2018). The community organization, 

Non-Governmental Organization and other third parties will also make a big move 

to help the affected area. All of those could make a biased result of the impact of 

natural disasters on poverty. In addition, the inconsistent result can also be caused 

by the sample size, the absolute size of the income shock caused by the disaster, 

and the size of poverty (Warr and Aung, 2019). 

 Previous research, such as the study conducted by Rush in 2018, has shed 
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light on the interconnectedness of disasters and poverty in Indonesia. It highlighted 

that poverty amplifies an individual's vulnerability to the adverse effects of 

disasters. However, it is crucial to note that this particular investigation primarily 

focused on the impact of disasters on the education sector, leaving a notable gap 

in our understanding of the broader poverty-disaster nexus. Another valuable 

contribution to the literature was made by Putra (2017), who utilized microdata 

from the Indonesian Family Life Survey (IFLS) and employed the Linear 

Probability Model (LPM) method. This study, while significant, offered insights 

into the varying effects of disasters on poverty. Specifically, it demonstrated that 

events such as volcanic eruptions and floods can exert a substantial influence on 

poverty levels within Indonesia. However, it is worth mentioning that Putra's 

research did not delve into the intricate relationship between regions affected by 

disasters, thus leaving an important aspect unexplored. The present research seeks 

to bridge these gaps by adopting a novel approach—spatial analysis. Spatial 

analysis offers a more comprehensive perspective, as it allows for a holistic 

assessment of the overall economic and social conditions in each province across 

Indonesia. Importantly, it facilitates the examination of how a disaster's impact in 

one region can reverberate through spatial interdependencies, affecting 

neighboring provinces. By incorporating this spatial dimension, this research 

endeavors to provide a deeper and more nuanced understanding of how disasters 

influence poverty dynamics in Indonesia, thereby advancing the existing body of 

knowledge on this critical issue. 

 

3. Data and Methodologies 
3.1 Study Area and Focus 

The geographical area of the present research studies consists of more than 17.000 

islands divided into 34 provinces from Sabang to Merauke in 2022. Indonesia is 

an archipelago country that has an abundance of natural resources and is also prone 

to natural disasters every year. The main aim of this research is to further examine 

the linkages between natural disasters and poverty in the archipelago country, 

namely Indonesia. The data used in this paper mainly include spatial data and panel 

data of social economics, which will be explained further in Table 1. The spatial 

data are downloaded from Here. The panel data are collected from 2011 to 2019, 

from various sources, namely the Central Bureau of Statistics and the Natural 

Disaster Management Agency of the Republic of Indonesia. 

Many researchers have different types of measurement for natural disasters, 

some of them using indices of natural disasters, such as Li et al. (2015) and Nepal 

et al. (2021), or the impacted people, death, or fatality, such as Akther et al. (2022), 

Hallegatte et al. (2020),  Kim and Marcouiller (2015), and Padli et al. (2018), and 

economic losses, such as Ngoran et al. (2018), from natural disasters. Considering 

the majority of the literature review is based on the literature review paper 

published by Hallegatte et al. (2020), the present research uses the impacted or 

mailto:https://tanahair.indonesia.go.id/portal-web
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affected people to measure the impact of all natural disasters. The impacted people 

face death or fatality because of natural disasters and natural disaster survival. 

Unfortunately, the present research sees natural disasters as general, not by a 

specific reason. We noted that each natural disaster had a different impact on 

society; nevertheless, the authors could not accommodate all the different impacts 

in the economic modeling. The socio-economic aspect of the society will be 

captured by GDP and HDI (Fang et al., 2017; Li et al., 2015). 
 

 

Table 1. The Variable Description 

Variables Acronym Definition Source 

Spatial Data - Shape File of Indonesia 
https://tanahair.indonesia.go.id/po

rtal-web 

Poverty LnPOV 
The total population living 
under poverty in each 

province. 

Central Bureau of Statistics, 

Republic of Indonesia 

Natural Disaster LnDIS 

The affected people are 

when the catastrophe 

occurs.  

Natural Disaster Management 

Agency of Indonesia 

GDP LnGDP 
Regional Gross Domestic 

Product 

Central Bureau of Statistics, 

Republic of Indonesia 

HDI HDI 
Human Development 

Index 

Central Bureau of Statistics, 

Republic of Indonesia 
 

The spatial econometric model used to answer the present research question 

is generated from 34 provinces. The authors reviewed many variables from the 

previous studies before deciding to use the main and control variable for the present 

research. The general equation for the present research will be shown by Equation 

5 and Statistic Descriptive of the data used for the present research are explained 

in Table 2. 

𝐿𝑛𝑃𝑜𝑣𝑖𝑡 = 𝛽0 + 𝛽1𝐿𝑛𝐷𝑖𝑠𝑎𝑠𝑡𝑒𝑟𝑖𝑡 + 𝛽2𝐿𝑛𝐺𝐷𝑃𝑖𝑡 + 𝛽3𝐿𝑛𝐻𝐷𝐼𝑖𝑡 + 𝑣𝑖𝑡 (5) 
 

Table 2. Statistic Descriptive 

No Variables Obs Mean Std Dev Min Max 

1 LnPoverty 288 6.118044 1.05906 4.199005 8.586012 

2 LnDis 288 4.641852 3.35548 0 14.71227 

3 LnGDP 288 12.09413 1.177896 9.745555 14.85961 

4 LnHDI 288 4.22669 0.065682 4.007515 4.391482 

Source: Research finding. 

 

The utilization of spatial econometrics in this research is of paramount 

importance as it aims to examine the relationship between natural disasters and 

poverty in Indonesia. By employing spatial econometric modeling techniques, the 
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study explores panel data collected from 2011 to 2019, sourced from the Central 

Bureau of Statistic and the Natural Disaster Management Agency of the Republic 

of Indonesia. The findings of the research reveal the presence of spatial 

autocorrelation in poverty at the provincial level, underscoring the interdependence 

of poverty outcomes across neighboring regions in Indonesia. This identification 

of spatial autocorrelation provides valuable insights into the geographical 

distribution of poverty, shedding light on the factors influencing poverty disparities 

throughout the country. The insights have significant implications for 

policymakers, aiding in the formulation of targeted and evidence-based poverty 

reduction programs. By leveraging spatial econometric modeling techniques, 

policymakers can enhance their understanding of the geographical distribution of 

poverty, effectively allocate resources, and develop strategies to assist survivors of 

natural disasters in their journey towards recovery and resilience. 

 
3.2 Spatial Econometrics 

The central goals of the present research are to empirically examine the regional 

interconnectedness of poverty after a natural disaster strikes. Since the end of the 

1950s, the study regarding spatial linkages has been based on a theoretical and 

practical approach already developed by many researchers who focus on regional 

economic development. Elhorst (2014) explained that regional economic 

development can’t distinguish between the concept of spaces and time in a 

different region. The spatial data is applied because the author hypothesizes that 

there is spatial dependence or interdependence among provinces that is observed. 

The spatial econometric methodology can perfectly observe, examine, and show 

by map the result of regional interdependence and autocorrelation (Anselin, 2003; 

Anselin et al., 2011). Spatial autocorrelation can be classified into two types: the 

first is clustering, which shows the coefficients of spatial autocorrelation are 

positive, and the second is dispersing, which shows the coefficients are negative. 

The spatial weighted matrix is generally a matrix that consists of 0 and 1 values 

(Anselin et al., 2011). This matrix demonstrates spatial interdependence or 

contiguity that has the symbol of W and is built based on the information of 

distance, neighbors’ area, and neighborhood area. 

The first step of spatial econometrics will be to generate Moran’s test 

(Moran, 1948), which involves conducting the preliminary analysis to see if there 

is spatial autocorrelation among the regions or not. The Moran I Test generates the 

ratio amongst cross-products of deviations from the mean of the variable of interest 

and their corresponding spatial intervals, along with the square of assessed 

deviations: 

𝐼 =  
𝑛 ∑ ∑ 𝑤𝑖𝑗 (𝑦𝑖 − 𝑦𝑛

𝑗=1 )(𝑦𝑗 − 𝑦𝑛
𝑖=1 )

∑ ∑ 𝑤𝑖𝑗  ∑ (𝑦𝑖 − 𝑦)2𝑛
𝑖=1

𝑛
𝑗=1

𝑛
𝑖=1

 (6) 
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The coefficient of Moran-I index will be in the range -1 < I < 1. If the I > 0 

so we can conclude the Index reflects there is positive clustering, while if the I < 0 

is dispersing (Anselin et al., 2011; Elhorst, 2014). 

The general assumption of spatial econometric analysis is that there is a 

spatial interdependence between observed regions, for example, local variables 

with neighboring 𝑊𝑌, interaction between independent variables with local 

dependent variables 𝑊𝑋, and error term interactions with local dependent 

variables 𝑊𝑢 (Elhorst, 2014). The economics modeling of spatial econometrics is 

based on General Nesting Spatial Models (GNS) with the equation follows: 

𝑌 =  𝛿𝑊𝑌 + 𝛼𝑛 + 𝑋𝛽 + 𝑊𝑋𝜃 + 𝑢 (7) 

where 𝑢 = 𝜆𝑊𝑢 + 𝜀. 

Where: 𝛿 is the coefficient of Spatial Autoregressive, 𝜆 is the coefficient of 

spatial autocorrelation, and 𝜃, like 𝛽, represents the vector of Kx2 from the fixed 

parameter but unknown to be estimated. W is a non-negative matrix n x X that 

represents the spatial configuration. From the GNS model, Belotti et al. (2017) 

classified the model as follows: 

SDM (Spatial Durbin Model) 

𝑦𝑖𝑡 =  𝛼 + 𝜌 ∑ 𝑤𝑖𝑗

𝑛

𝑗=1
𝑦𝑗𝑡 + ∑ 𝑥𝑖𝑡𝑘

𝐾

𝑘=1
𝛽𝑘 + ∑ ∑ 𝑤𝑖𝑗

𝑛

𝑗=1
𝑥𝑗𝑡𝑘𝜃𝑘

𝐾

𝑘=1
+ 𝜇𝑖 + 𝑣𝑖𝑡 (8) 

SAR (Spatial Auto-regressive Model- Spatial Lag) 

𝑦𝑖𝑡 =  𝛼 + 𝜌 ∑ 𝑤𝑖𝑗

𝑛

𝑗=1
𝑦𝑗𝑡 + ∑ 𝑥𝑖𝑡𝑘

𝐾

𝑘=1
𝛽𝑘 + 𝜇𝑖 + 𝑣𝑖𝑡 (9) 

SEM (Spatial Error Model) 

𝑦𝑖𝑡 =  𝛼 + ∑ 𝑥𝑖𝑡𝑘

𝐾

𝑘=1
𝛽𝑘 + 𝜇𝑖 + 𝑣𝑖𝑡 

𝑣𝑖𝑡 =  𝜆 ∑ 𝑤𝑖𝑗

𝑛

𝑗=1
𝑣𝑖𝑡 + 𝜖𝑖𝑡 

(10) 

SACFE (Spatial Autoregressive Combined Model) 

𝑦𝑖𝑡 =  𝛼 + 𝜌 ∑ 𝑤𝑖𝑗

𝑛

𝑗=1
𝑦𝑗𝑡 + ∑ 𝑥𝑖𝑡𝑘

𝐾

𝑘=1
𝛽𝑘 + 𝜇𝑖 + 𝑣𝑖𝑡 

𝑣𝑖𝑡 =  𝜆 ∑ 𝑤𝑖𝑗

𝑛

𝑗=1
𝑣𝑖𝑡 + 𝜖𝑖𝑡 

(11) 

GSPRE (Generalized Spatial Panel Random Effect Model) 

𝑦𝑖𝑡 =  𝛼 + ∑ 𝑥𝑖𝑡𝑘

𝐾

𝑘=1
𝛽𝑘 + 𝜇𝑖 + 𝑣𝑖𝑡 

𝑣𝑖𝑡 = 𝜆 ∑ 𝑤𝑖𝑗 𝑣𝑖𝑡

𝑛

𝑗=1

+ 𝜀𝑖𝑡  

𝜇𝑖 = 𝜙 ∑ 𝑤𝑖𝑗 𝜇𝑖

𝑛

𝑗=1

+ 𝜂𝑖 

(12) 

The maximum likelihood (ML) estimation produces consistent estimators for 

all the spatial econometric models, if the estimated model follows the true data 
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generating process (Lee and Wong, 2001) while the OLS (Ordinary Least Squares) 

estimators are inconsistent. This study estimates the models in the above five 

spatial specifications with the ML approaches using the STATA codes provided 

by Belotti et al. (2017). 
 

4. Result and Discussion 
4.1 Empirical Finding 

The existing study wants to empirically explain the linkage between Natural 

disasters and poverty in developing countries, namely Indonesia. First, the authors 

conducted Moran's I test to examine the spatial autocorrelation between provinces 

in each variable. Table 3 confirms that there is spatial autocorrelation and it is 

statistically significant clustering. Meanwhile, the dispersing patterns are found in 

GDP and Natural disasters, but it’s not statistically significant. Since it confirms 

there is more than one variable that has an inter-regional linkage, the authors need 

to proceed to the next step of spatial econometrics analysis. 
 

Table 3. Moran-I Test 
Contiguity Matrix Moran-I test Variable Coeff P-Value 

Distance 

Poverty 0.257** 0.0520 

Natural Disaster -0.072 0.353 

GDP -0.167 0.134 

HDI 0.237** 0.0380 

Rook Contiguity 

Poverty 0.230** 0.060 

Natural Disaster -0.073 0.343 

GDP -0.179 0.103 

HDI 0.267** 0.067 

Queen Contiguity 

Poverty 0.592** 0.0050 

Natural Disaster -0.128** 0.077 

GDP -0.179 0.103 

HDI 0.267** 0.067 

Source: Researcg finding. 
 

Considering the impact of natural disaster on poverty, since the poverty and 

HDI are clustering and have significant positive spatial spillover effect supported 

previous research in the tourism sector (Romão and Saito, 2017; Sun et al., 2018; 

Yang and Wong, 2012), Solid Waste Management (Cerciello et al., 2019; Gui et 

al., 2019; Ouchen and Montargot, 2021; Wang et al., 2021). However, the similar 

result is also found in the natural disaster sector namely flood (Kim et al., 2021; 

Nepal et al., 2021; Pathak and Olmo, 2021; Rosalia et al., 2021; Zhou et al., 2021). 

According to the Moran's p value which is shown by Table 3, revealed that 

poverty has value below 0.05 in queen contiguity (0.592), rook contiguity (0.230) 

and distance (0.257), this study can successfully claim that there is a positive 

spatial autocorrelation or the location of an area has an influence on the level of 

poverty. Poverty cases between provinces in Indonesia are interconnected when 

viewed from the location of the eight cardinal directions, fourth cardinal direction 

and based on the distance. A province can have a high poverty rate if it is adjacent 
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to a province with a high poverty rate and vice versa. Meanwhile, the variables of 

natural disaster and GDP have a p-value of more than 0.05, which means that they 

do not have spatial autocorrelation between provinces. Considering the topography 

and geographical location of Indonesia, which is surrounded by sea, using queen 

and rook contiguity might be leading the bias result. So, for the present research 

the authors decided to use the distance for further estimations. 

Next estimation, the author will explain the result of the empirical findings 

of spatial econometrics that is shown by Table 4. The authors estimate the 

relationship between natural disaster and poverty in 6 modeling economics which 

we adopted from Anselin et al. (2011) and Elhorst (2014), namely SDM, SAR, 

SEM, GSPRE and SACFE. First, the author will focus on the spatial 

autocorrelation in the present research. The value of rho (𝜌) in SDM (FEM and 

REM) and SAR (FEM and REM) modeling shows significant results in the 1, 5, 

and 10 percent, respectively. These results from two models supported the previous 

Moran I result which as expected. The value of lambda in SEM modeling shows 

significant results in the 1 percent level of significance, respectively. So, it can be 

said that at the poverty level there is a spatial error dependency. These results were 

validated by the statistically significant GSPRE and SACFE models. This indicates 

a significant spatial heterogeneity which means there is autocorrelation between 

regions in the case of poverty or in another word the increase of poverty in one 

region can be determined by the increase of poverty in neighboring regions. The 

results of the SDM, SAR, and SEM modeling have similar results in terms of 

coefficients and significance. However, the best model is shown by the SDM 

model with an AIC value of 0.228. Therefore, for the next estimation, the authors 

only focus on SDM results with FE and RE models.  

Along with spatial autocorrelation estimation, now we focus on the 

relationship between the independent variable and dependent variables. The results 

also shows that the sign of the coefficient of each variable has the same in all spatial 

models in the levels of 1, 5, and 10 percent of significance, respectively. First, we 

focus on the relationship between natural disaster on poverty which reveals there 

is strong and negative relationship between these variables in the levels of 1, 5, and 

10 percent of significance. Thus, it can be verified that the presence of natural 

disasters can negatively affect poverty which is not supported the previous studies. 

However, the other independent variables such as GDP and HDI are also 

negatively influence the poverty in the area.  

The local spillover can be seen from the regression of the 𝑊𝑥  Matrix shown 

in Table 2 that is one of the benefits of using the SDM model. The present research 

reveals the relationship between HDI from neighboring provinces can statistically 

increase the poverty in one region as can be seen from the P-value for HDI for both 

FEM and REM are statistically significant at 1 percent level of significance. 

However, the present research reports the increase of GDP in neighboring 

provinces can reduce the level of poverty by 0.0003.   



 
 
 

Table 4. Empirical Findings of Spatial Econometrics 

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

SDM SAR SEM GSPRE SACFE 

 FEM REM FEM REM FEM REM REM FEM 

         

LnDIS -7.7589*** -7.665212** -9.843516*** -9.364869** -9.968833*** -9.575451** -9.382558** -9.12055*** 

 (0.031) 0.044 (0.007) (0.016) (0.008) (0.016) (0.018) (0.008) 

LnGDP -0.0002605*** -0.0002339*** -0.0002754*** -0.0002442 *** -0.0002666*** -0.0002376*** -0.0002342*** -0.0002829*** 
 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

HDI -143.2638*** -130.3343*** -10.18875* -11.51179** -16.29082** -18.08154** -19.49525** -2.170217 

 (0.000) (0.000) (0.111) (0.087) (0.027) (0.021) (0.014) (0.716) 

cons  321.7825  1626.738***  2227.368*** 2332.435***  

  (0.582)  (0.001)  (0.000) (0.000)  

         

Wx         

LnDIS -3.062473 -2.653587       

 (0.582) (0.652)       

LnGDP -0.0003432*** -0.0003112***       

 (0.000) (0.001)       

HDI 154.0724*** 139.4938***       
 (0.000) (0.000)       

rho 0.1051131* 0.153** 0.153313** 0.1799377***   0.364*** 0.3639051*** 

 (0.103) (0.0625) (0.014) (0.004)   (0.000) (0.001) 

sigma2_e   20,120***  20322.82*** 22861.53*** 151.1983*** 20985.13*** 

   (0.000)  (0.000) (0.000) (0.000) (0.000) 

sigma2_mu       1147.307***  

       (0.000)  

lambda     0.1313863** 0.142379** 0.1455849** -0.2683031** 

     (0.055) (0.048) (0.044) (0.040) 

phi      4.273546*** 0.4431611**  

      (0.000) (0.016)  

Observations 288 288 288 288 288 288 288 288 

AIC 0.228 0.228 0.228 0.303 0.303 0.303 0.303 0.303 

Number of id 32 32 32 32 32 32 32 32 

Source: Researcg finding. 

Note: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1.
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4.2 Discussion 

The present findings establish a strong negative relationship between the impact of 

natural disaster and poverty in Indonesia. Remarkably, the author can claim that 

the existing natural disaster can reduce the poverty in Indonesia which is really 

interesting to discuss. Figure 1 establishes the impact of natural disaster on Poverty 

in each region, providing a comprehensive visual representation supporting the 

central argument of the present research. Notably, all provinces in Papua, central 

and western Java exhibit the highest impact on poverty when disaster happens, 

while Kalimantan and Sulawesi Island demonstrate the lowest impact. Flood, the 

most frequent natural disaster in Papua, Central Java, and Western Java may be a 

contributing factor, trapping people in the cycle of poverty (Natural Disaster 

Management Statistics, 2020). Despite regional variations, the overall result of this 

study presents an intriguing outcome – natural disasters appear to have a positive 

impact on reducing poverty. This counterintuitive finding challenges conventional 

wisdom and suggests the necessity for further exploration and nuanced 

understanding of the complex relationship between natural disaster and poverty in 

Indonesia.  

This finding is supported by Abdullah et al. (2016), particularly in the 

context of typhoons in Bangladesh. Their results revealed that after a natural 

disaster, poor people earn higher incomes than before after natural disaster 

occurred. The reason could be that the poorer people experienced an increase in 

income compared to the pre-disaster level. It appears that these individuals seized 

new opportunities generated by the aftermath of the disaster, leading to an income 

boost of more than 15 percent over the average income before. Similar cases in 

Myanmar have provided evidence of post-disaster poverty reduction (Warr and 

Aung, 2019) and creation of new sources (Groeschl and Noy, 2020). Warr and 

Aung (2019) observed that, in the short term, poorer individual tends to manage 

their consumption at the minimal level when a disaster strikes, while in the long 

term, they actively seek opportunities and jobs to recover. Importantly, these 

positive outcomes do not result directly from the impact of the disaster itself, but 

rather from effective policies and programs aimed at addressing the consequences 

of the disaster. Social protection policies and guarantees for those affected by the 

disaster play a crucial role in poverty reduction resulting from natural disasters.  

While this study establishes that disasters can reduce poverty, it is essential 

to acknowledge the contextual nature of this finding. Hallegatte et al. (2020) and 

Xiang et al. (2021) highlight the diverse geographical, topographical, and climate 

condition across the islands in Indonesia, leading to varied vulnerabilities and risk 

for each population. This diversity prevents the generalization of disaster poverty 

pattern across the entire country. A similar complexity is observed in Sichuan 

Province, where not all regions exhibit a clear clustering of the natural disaster-

poverty relationship. Moreover, the contextual variations extend to regulatory 

differences in each country, further influencing the interplay between natural 
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disaster and poverty. It is crucial to consider these nuanced factors when 

interpreting the study’s findings and when formulating policies and strategies for 

disaster resilience and poverty reduction in specific regions. 

Furthermore, the impact of disasters on poverty is intricately linked to the 

level of resilience within households in a given area. If the effect of disasters on 

income is substantial, the likelihood of a significant impact on poverty increases. 

Conversely, the impact is marginal, and the probability of a household falling into 

poverty diminishes. Thus, the occurrence of a disaster does not necessarily 

guarantee an increase in the poverty status of a household (Putra, 2013). Menendez 

(2014) supports this perspective between natural disasters on poverty in Indonesia, 

highlighting the importance of considering varying time frames in understanding 

the economic consequences of such events.  

As we utilized provincial-level data, the direct consequences of natural 

disasters on poverty may vary across regions. Moreover, in the long term, areas 

adjacent to disaster-stricken zones may indirectly benefit from the heightened 

demand during rehabilitation and reconstruction in the core disaster area (Yu Xiao 

and Nilawar, 2013). Disasters can also reshape the economic structure of a region, 

leading to a focus on sectors that demonstrate greater resilience to such events. 

Production centers may shift to areas that are less vulnerable to disasters, reducing 

development inequality and creating new job opportunities in proximity to the 

affected areas. Consequently, at a broader level, natural disasters can indirectly 

contribute to poverty reduction in the long run. This aligns with the experiences of 

West Sumatra and Yogyakarta provinces in Indonesia, which demonstrated high 

positive growth in the years following disasters, consequently impacting poverty 

reduction (Nazamuddin and Nugroho, 2019). A recent study by Ilham et al. (2023) 

similarly found that natural disasters, by influencing regional economic growth, 

indirectly contribute to poverty reduction in Indonesia. 

Disasters, often viewed as ‘blessings in disguise’, present opportunities for 

rebuilding and improving outcomes, including the potential to mitigate future 

disasters (Bănică et al., 2020). They serve as a valuable learning experience on 

how to cope with extreme shock, offering insights for enhancing resilience. 

Additionally, disaster injects economic stimulus into the affected development 

through insurance mechanism and support from both private and public sector 

(Rose, 2014). In the aspect of government policies addressing the natural disaster, 

Indonesia has implemented various packages of policies at the national, regional, 

and local levels. These policies encompass substantial financial assistance or aid 

(World Bank, 2021), as well as physical and mental health support from the 

national and regional level (Marfuah et al., 2021). In terms of budgeting for natural 

disasters, the Indonesian Government has established an instrument designed to 

allocate funds for sustainable pre-disaster, emergency response, and post-disaster 

financing. Social protection mechanisms are recognized as effective tools for 

enhancing welfare. Post-disaster intervention priorities include efforts to meet 
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people's basic needs, encompassing both food and non-food essentials such as 

housing, education, and health. This holistic approach underscores the 

government’s commitment to addressing the multifaceted challenges posed by 

natural disasters and promoting long-term resilience and well-being. 

Remarkably, third-party entities such as international, national, and local 

Non-Governmental Organizations (NGOs), community groups, cooperation 

initiatives, youth organizations, and religious organizations play significant roles 

in aiding affected areas and people (Smiley et al., 2018). Indonesia, with its strong 

societal values emphasizing cooperation ('Gotong royong' in Bahasa), witnesses a 

collective effort to help affected individuals maintain their consumption levels 

during the initial three months following a shock. The willingness of people to 

extend assistance and donations, even from regions outside the affected area, 

coupled with government-provided social protections, reflects the robust sense of 

community support. Moreover, the provision of social welfare emerges as a critical 

factor in assisting the most vulnerable populations through disasters (Tselios and 

Tompkins, 2019). This commitment to social welfare may explain why the impact 

of shocks after a disaster is often experienced only in the short term in Indonesia, 

and in certain instances, leads to a reduction in poverty levels. 

As anticipated, the coefficient for regional GDP exhibits a significant 

negative effect. The reduction in the number of poor people appears to be closely 

tied to economic growth that benefits the impoverished. In line with findings from 

the World Bank (2006), the post-crisis period saw a substantial decrease in poverty, 

largely attributed to enhanced economic stability. This outcome suggests that an 

upswing in regional GDP is associated with the region's capacity to alleviate 

poverty and its potential to implement pro-poor policies (Li et al., 2015; Siburian, 

2022). The extent of disaster losses is intricately linked to the social and economic 

conditions of the community. Communities with better socio-economic conditions 

tend to experience lower levels of economic losses (Tasri, 2021). In this context, 

GDP serves as an indicator of the level of welfare or the capacity for recovery. 

This finding aligns with a study conducted by Erman et al. (2020), which asserted 

that individuals in low-income countries, as indicated by purchasing power parity, 

generally have less protection compared to those in wealthier nations. Regions with 

higher incomes are more inclined to implement climate risk management strategies 

and leverage the latest technologies, resulting in reduced risk impacts and losses 

from disasters (Tasri et al., 2022). It emphasizes the interconnection between 

poverty alleviation and disaster risk management. 

This estimation reveals a negative coefficient for the Human Development 

Index (HDI), indicating that an increase in HDI correlates with a poverty reduction.  

Highly developed countries are expected to mitigate the impact of natural disasters, 

evidenced by a reduction in the total number of casualties, affected individuals, 

and overall damage. The components of human capital, including education and 

health, play a significant role in boosting both total factor productivity and creating 
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opportunities for individuals in a country. The Human Development Index (HDI) 

serves as an indicator of household preparedness to overcome shocks caused by 

natural disasters. Human development consistently emerges as a key determinant 

of vulnerability to natural disasters. Improved education, health, and income 

indicators are associated with a reduced risk of natural disasters (Lutz, 2015).  

Higher human capital contributes to economic benefits such as enhanced 

productivity and reduced unemployment (Padli et al., 2018; Teixeira, 2014). 

Regions with a higher Human Development Index (HDI), as emphasized by Padli 

et al. (2018), exhibit faster recovery capabilities compared to those with a lower 

HDI. A heightened HDI acts as a barrier, reducing the fatality rate of disasters and 

representing an educational level that aids in mitigating natural disasters. 

Individuals with higher education levels among the affected population tend to be 

more open to opportunities, promoting increased income and mitigating poverty 

(Olopade et al., 2019). Public investments in education and health, contributing to 

higher human capital, have been shown to alleviate poverty in OPEC countries 

(Olopade et al., 2019). Cheng et al. (2021) support this argument in their latest 

publication, indicating that human capital, with education playing a prominent 

role, has a positive effect on poverty alleviation. These findings align with the 

assertions of Aldino (2018) and Nigrum (2017), who posit that higher HDI levels 

in an area enhance the quality of human resources, accelerating recovery and 

reducing poverty in affected areas. 

The analysis results indicate that the impact of GDP is smaller compared to 

the role of HDI in reducing poverty. These findings underscore that addressing 

poverty solely through increased economic growth, in the anticipation of a trickle-

down effect, may not be sufficient. Enhancing the quality of human resources 

proves to have a more substantial influence on reducing the poverty rate.  

 
Figure 1. The Impact of Natural Disaster on Poverty in Indonesia 

Source: Researcg finding. 
 

With reference to the Sendai Framework, the Paris Agreement, and the 

agenda for Sustainable Development Goals (SDGs), resilience and disaster 
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mitigation play a crucial role in achieving sustainable development. Aligning with 

the Global Platform for Disaster Risk Reduction (GPDRR) implementation, 

Indonesia must not only prioritize disaster-induced poverty but also cultivate an 

adaptive and responsive institutional culture, along with ensuring adequate 

funding. Environmental conservation efforts and technological innovation must be 

synergized for comprehensive progress.  
 

5. Conclusion and Policy Recommendation 

The primary goal of this research is to establish the relationship between natural 

disasters and poverty using Spatial Econometric Modeling. The findings reveal 

intriguing insights into the impact of catastrophic disasters on poverty. Three key 

explanations can be derived from the results. Firstly, both the Moran I test and 

Spatial Econometrics consistently demonstrate spatial autocorrelation in poverty, 

indicating that the level of poverty in one area can influence neighboring areas. 

Secondly, the research shows a significant reduction in poverty due to the impact 

of natural disasters. The distinct geographical, topographical, and climatic 

characteristics of each province play a crucial role in this outcome. Notably, 

international, national, and local financial assistance effectively manages the 

consumption of affected individuals. Additionally, the strong moral value of 

mutual cooperation among Indonesians contributes significantly to aiding affected 

people and areas. Thirdly, higher GDP and HDI suggest a more prepared society, 

enabling faster recovery from negative external shocks. The relationship between 

GDP and HDI extends beyond education, encompassing familiarity with the latest 

technological advances. Based on the main finding of the present research, we can 

generate input for policymakers: 

 Due to the spatial autocorrelation of poverty, which allows policymakers to treat 

poverty as an interregional policy. So, the policymakers need to coordinate 

between the regional and national levels to generate a poverty alleviation policy. 

However, the most important part to utilize the spatial autocorrelation based on the 

present research findings, are joint policy for poverty reduction. 

 The strong and negative relationship between natural disasters and poverty is 

very interesting to discuss. However, the government can maximize the utility of 

third parties to help affected people and the area. Meanwhile, the assistance or aid 

from the central and regional government can be increased in order to help people 

maintain the same level of consumption when there is shock. 

 The existing local spillover between HDI and GDP can be utilized by regional 

government. The joint policies between neighboring areas on one island can be one 

of the ways to reduce poverty. In addition, since the Government of Indonesia 

carries out massive inter-region infrastructure development to boost economic 

growth, it should also be developed to reduce poverty, especially with an emphasis 

on geographically disaster-prone areas. 
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 In addition, a structured and holistic disaster management framework involving 

stakeholders, both central and regional, is very necessary so that the government 

does not ignore disasters. 

To contribute more to the Indonesian Government and society, future studies 

should incorporate government aid or assistance into econometric modeling. The 

authors believe that government aid can play a significant role in helping affected 

individuals. However, poverty is a multidimensional issue, and the authors cannot 

overlook the social aspects, such as mutual cooperation, religion-based 

organizations, and other third parties, which provide significant assistance during 

natural disasters. 
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