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Subiendo la temperatura: el calentamiento de los océanos y su efecto en el 

conflicto armado en Filipinas 

Sofia Castro Vargas+ 

Enero 2021 

Resumen 
Los ecosistemas marinos son particularmente vulnerables a cambios en las variables climáticas, 
haciendo que las actividades pesqueras sean muy riesgosas en los tiempos de la emergencia 
climática. De hecho, el colapso de algunas poblaciones de peces debido a incrementos en la 
temperatura del agua están empezando a hacerse evidentes. En Filipinas, las comunidades 
pesqueras rurales tienen relaciones altamente extorsivas con grupos armados, haciéndolas aún 
más vulnerables. Utilizando datos de temperatura del océano, conflicto y producción pesquera 
para los años 2003-2018, este artículo examina el efecto de choques en la temperatura del océano 
en la violencia asociada al conflicto armado en Filipinas. Los resultados encontrados son 
concluyentes hacia un efecto positivo y estadísticamente significativo de los choques en la 
temperatura del océano sobre variables de conflicto armado como el número de eventos y las 
muertes asociadas a ellos. El efecto se da debido a los efectos negativos que dichos choques 
tienen sobre la producción agrícola y pesquera. Utilizando información sobre la dinámica del 
conflicto armado y la pesca para la Península de Zamboanga, este artículo presenta un estudio 
de caso que documenta los mecanismos detrás de la relación entre la producción pesquera y el 
conflicto armado. Los resultados proporcionan insumos para mejorar las políticas públicas 
relacionadas con las prácticas pesqueras sostenibles con el fin de reducir la vulnerabilidad de los 
pescadores al cambio climático en áreas de bajos ingresos y propensas a conflictos en los países 
en desarrollo. 

Palabras clave: Cambio climático, conflicto armado, pesquerías, Filipinas, ecosistemas marinos. 
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Turning up the Heat: Warming Oceans and their Effect on Armed 

Conflict in the Philippines   

Sofia Castro Vargas+ 

January 2021 

Abstract 
Marine ecosystems are particularly vulnerable to changes in climatic variables, making fishing 
livelihoods highly risky in times of global climate emergency. In fact, the collapse of some fish 
stocks because of increasing water temperatures is starting to become evident. In the Philippines, 
rural and poor fishing communities have highly extorsive relationships with non-state armed 
actors, making them even more vulnerable. Using sea surface temperature, conflict, and fisheries 
production data for the years 2003–2018, this paper examines the impact of sea surface 
temperature shocks on armed conflict-related violence in the 64 provinces with a coastline in 
the Philippines. The results are conclusive to a positive and statistically significant effect of sea 
surface temperature shocks on conflict-related outcomes such as number of violent events and 
deaths associated with them. This effect is driven by the negative impacts of these deviations on 
both agricultural and fisheries production. Using information on the dynamics of armed conflict 
and fisheries for the Zamboanga Peninsula, this paper presents a case study that documents and 
hypothesizes on the mechanisms behind the relationship between fisheries production and 
armed conflict. The results provide inputs for improvements in public policies related to 
sustainable fishing practices in order to reduce vulnerability of fisherfolk to climate change in 
low-income and conflict-prone areas in developing countries.  

Keywords: Climate change, armed Conflict, fisheries, Philippines, marine ecosystems 

JEL classifications:  Q54, Q22, D74 

+ MSc in Economics, Universidad de Los Andes.
E-mail: s.castro15@uniandes.edu.co. Special thanks to my advisors Ana María Ibáñez and Jorge
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1. INTRODUCTION

Extreme changes such as those expected to be caused by climate change are some of the 

most relevant threats facing humankind. The alarming scenarios that the world has experienced 

in the past two decades have led to an increasing concern about what the future under climate 

change holds. Since the middle of the 19th century, global sea surface temperature (SST) has 

increased by 0.8ºC and heat waves have become more frequent (FAO, 2014). Reports on climate 

change argue that degradation in marine ecosystems is highly associated with those temperature 

shocks (Coulthard, 2009), placing the population whose livelihood depends on fisheries, at high 

risk. Several studies have suggested that climate change has influenced up to 20 percent of armed 

conflicts worldwide and that this is likely to significantly increase with time. The degradation and 

scarcity of natural resources can cause competition for them, particularly when institutions for 

conflict resolution are not strong enough. Communities with a history of conflict are the most 

vulnerable to suffering these effects (Sida, 2018). Therefore, understanding the role of climate 

change on global security is substantially important not only to understand the social costs of it, 

but also to generate adequate responses (Ryan, 2019).  

The Philippines is the eighth largest fishing country in the world, and many of the species 

on which its fisheries rely on have disappeared or are nearing extinction (FAO, 2014). In fact, in 

recent years, the country ranked fourth most affected by extreme weather events according to 

the Global Climate Risk Index (Eckstein et al., 2019). In addition, for nearly 40 years it has 

endured ongoing fighting between Muslim non-state armed actors (NSAAs), communist 

guerrilla groups, and the Philippines Armed Forces (Hurights Osaka, 2008). The Global Peace 

Index 2019 established that the relative state of peace in the Philippines was low, ranking it the 

second least peaceful country in the Asia-Pacific area (Institute for Economics and Peace, 2019). 

Given that the Philippines is a major fishing nation under armed conflict whose marine 

ecosystems are in turn threatened by increases in SST, it is a particularly good case study to assess 

the climate shocks-conflict hypothesis.  

Despite the country’s vulnerability to the effects of climate shocks and the persistence 

of armed conflict, only one paper has evaluated the climate shocks-conflict hypothesis in the 

Philippines (Crost et al., 2015). The economic literature has placed greater emphasis on the effect 

of climate shocks on conflict outcomes in the African continent, particularly in considering the 

agriculture mechanism, finding strong evidence of the existence of a relationship between the 

two variables (Burke et al., 2009; Couttenier and Soubeyran, 2014;  Hendrix and Salehyan 2012; 
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Maystadt and Ecker, 2014; Miguel et al., 2004; O’Loughlin et al., 2012; Theisen et al., 2012). 

However, these results are not conclusive, specifically regarding the mechanisms that drive the 

effect.  

Using a fixed effects estimator, this paper evaluates the effect of SST shocks on armed 

conflict in the Philippines for the period 2003–2018 and tests the hypothesis that warmer waters 

are associated with an increase in the intensity of armed conflict-related events and deaths. 

Results are conclusive to a positive effect of SST shocks on conflict outcomes, which are mainly 

driven by the decrease in agricultural and fisheries production caused by those shocks. This 

paper emphasizes on the fisheries production mechanism and finds that it is driven by the 

extorsive relationships between fisherfolk1 in the Philippines and NSAAs. It argues that 

decreases in fishing production can alter the opportunity costs of actively participating in 

violence and can also force NSAAs to substitute peaceful activities with more violent ones. 

These findings have important implications for recent efforts made by governments to promote 

sustainable fisheries in developing countries where armed conflict is also prevalent. The results 

highlight how public policy must consider the dynamics between fisherfolk and NSAAs when 

designing strategies to mitigate the possible impacts of reduced fish stocks as a result of climate 

change. 

 This paper contributes to the economic literature by studying the unexplored effect of 

SST shocks on armed conflict, establishing a causal relationship between the two at the local 

level in the Philippines. It contributes further by exploring the potential mechanisms driving this 

causal impact, to find that fisheries production is an important mechanism behind the climate 

shocks and armed conflict relationship. Besides, this paper also contributes to the understanding 

of the drivers of armed conflict-related violence in the Philippines. Using a detailed source of 

information on the dynamics of conflict in the southern Philippines, the paper documents and 

analyzes how the fisheries mechanism works at a micro-specific level, providing valuable 

information on how a reduction in fisheries production can affect armed conflict-related 

violence, especially violence targeted at the civilian population. The period of study is especially 

relevant since by 2019, 1,402 jurisdictions and local governments worldwide had already declared 

climate emergencies (Climate Emergency Declaration, 2020), in which they acknowledged the 

existence of climate change and that pre-existing strategies to mitigate it have not been successful 

 
1 Fisherfolk refers to civilian population that works and whose livelihoods depends on the fishing 
industry.  
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(Gorey, 2019). Studying the effects of climate shocks that can be induced by climate change on 

conflict during the 21st century is therefore increasingly relevant.  

 The following sections are organized as follows. Section 2 describes the background and 

reviews the literature. Section 3 describes the mechanisms, data, and identification strategy. 

Section 4 presents the results, Section 5 presents a case study that explains the mechanism 

involved, and Section 6 concludes. 

 
2. BACKGROUND 

2.1. Armed Conflict in the Philippines 

The Philippines has experienced an ongoing conflict of almost 40 years of fighting 

between Muslim NSAAs and the Philippines State Armed Forces (Hurights Osaka, 2008). 

Muslims colonized the country almost a century before the arrival of the Spanish, who intended 

to convert most of the inhabitants to Catholicism without ever succeeding in entirely controlling 

the southern island of Mindanao (Schiavo-Campo and Judd, 2005). The country lived in relative 

peace before the late 1960s, when hostilities intensified enough for the creation of the Moro 

National Liberation Front (MNLF) in 1971 under the leadership of Nur Misuari, with the aim 

of creating an Autonomous Moro Country in the southern island of Mindanao (BBC, 2012). 

The MNLF continuously fought for an independent homeland. In 1977, the Moro Islamic 

Liberation Front (MILF) emerged as a splinter group from the MNLF and is now considered 

the largest Muslim group in the country (Crost et al., 2015). Ten years later, former president 

Corazon Aquino led peace talks with Misuari, which established the Autonomous Region in 

Muslim Mindanao (ARMM). However, violence continued. Misuari became ARMM governor 

in 1996, along with the creation of the Abu Sayyaf group (ASG) with alleged links to Al Qaeda 

and ISIS. Both the MILF and the Abu Sayyaf groups are still fighting for an independent Islamic 

state on the island of Mindanao. The Bangsamoro Islamic Freedom Fighters (BIFF) were 

founded in 2010 as an Islamic separatist group that remains radically opposed to any peace talks 

with the government. The Communist Party of the Philippines (CPP) has also waged an 

important and especially violent armed struggle in favor of communism throughout country. 

With the armed forces of the New People’s Army (NPA), the CPP aims to overthrow the 

government in order to establish a new communist state (Stanford University, 2018).  
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Five NSAAs are currently carrying out violent attacks (MNLF,2 MILF,3 BIFF,4 CPP,5 

and ASG6) mostly in central Mindanao, with varying degrees of intensity. The ongoing conflict 

has caused more than 120,000 deaths, with groups that employ violence and criminal activities 

as a means of financing and with no clear political agenda (Crost et al., 2015). Even though 

religious differences have shaped the dynamics of conflict, the basis remains the desire to obtain 

land and other natural resources (Schiavo-Campo and Judd, 2005). The MILF practically 

controls the island of Mindanao and appears to have broad support in rural communities, from 

which they also obtain resources by charging taxes and extorting civilians into financing them 

(Stanford University, 2019). The CPP has also attempted to build support among local rural 

communities. Members of the NPA learned military tactics and worked alongside the Filipino 

peasantry to build support for a revolution. The CPP is the most active military organization in 

the Philippines, and their armed forces represent a major threat (Stanford University, 2018).  

 

 
2 MNLF: The Moro National Liberation Front was founded in 1972 by leaders from the youngest 
generation of the Muslim Independence Movement (MIM). This group led the Moro Separatist 
movement  (whose aim is to create an Islamic State in the Southern Philippines) until the final peace 
agreement between them and the government was signed in 1996. Since then, the MILF has gained 
strength and influence. Today, the MNLF consists of many small splinter groups, some of which support 
peace talks between the MILF and the government (Stanford University, 2018).  
3 MILF: The Moro Islamic Liberation Front was founded in 1981 by Hashim Salamat, who had separated 
from the MNLF in 1978. The group was also created with the objective of establishing an Islamic State 
on the island of Mindanao and the Sulu archipelago (BBC, 2012). In 2008, the government and the MILF 
signed the Memorandum of Agreement for Ancestral Domain. This agreement was meant to extend the 
Autonomous Region of Muslim Mindanao (ARMM) boundaries and achieve greater independence for 
Moro regions. However, public opinion believed the agreement to be unconstitutional and invalidated it. 
Finally, in 2014, the MILF group concluded peace agreements with the government to establish the 
Bangsamoro region (Stanford University, 2019). 
4 BIFF: The Bangsamoro Islamic Freedom Fighters were founded in 2010 by Ameril Umbra Kato with 
the aim of creating an Islamic State in the southern Philippines. This group emerged as a splinter from 
the MILF and has carried out several attacks since its creation, particularly to stop the peace talks other 
groups had initiated with the government. Its members are almost all former MILF combatants (Stanford 
University, 2018). 
5 CPP: The Communist Party of the Philippines was founded in 1968 by Jose Maria Sison. The New 
People’s Army (NPA), its armed wing, was created the following year. The party was founded with the 
main objective of establishing a communist state in the Philippines (Quinn-Judge, 1985). During the 
1980s the CPP carried out especially violent campaigns in the southern Philippines to gain support. The 
CPP has engaged in some peace talks with the government without giving up on their armed struggle. 
Today, it is one of the most active military organizations in the country (Stanford University, 2018). 
6 ASG: The Abu Sayyaf Group was founded in 1991 by Abdurajak Abubakar Janjalani. Like the rest, this 
group seeks an independent Islamic State in the Southern Philippines and emerged as a splinter group 
from the MNLF. However, this group in particular has been highly influenced by Al Qaeda. It is 
considered one of the most dangerous militant groups in the country  (Stanford University, 2018). 
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2.1.1. Armed Conflict and Fisheries in the Philippines 

Fisheries have a long history of cultural, political, and economic importance for the 

Philippines (Green, White, and Flores, 2003). On average, Filipinos consume almost 100g a day 

of fish or fish products (PSA, 2016) and more than 1.5 million of them are employed in 

municipal fisheries (FAO, 2014). Rural fishing communities in the Philippines have historically 

been plagued by armed conflict, as NSAA tend to engage in violence, harassment, and 

kidnappings targeted at fisheries (Marchais et al., 2020).  

The relationship between municipal fishing communities and most NSAA is complex, 

making these communities vulnerable to targeted violence, particularly when resources are 

scarce. Municipal fisherfolk7 also tend to be very poor and highly vulnerable to climate shocks 

and a changing climate since they are less able to adapt (Combest-Friedman, 2012). Declining 

fish stocks have been reported in the past few years, due to both overfishing and habitat 

degradation (FAO, 2014). As the resource becomes scarcer, municipal fishermen are at higher 

risk, not only because they can rely less on their traditional livelihoods, but because they also 

become more vulnerable to violent extorsive relationships with NSAA as their incomes decrease. 

Municipal fisherfolk are thus some of the most marginalized groups in the country as fisheries 

have become less profitable over time (Green, White, and Flores, 2003). Consequently, the 

government has issued several laws to protect marine environments and make fisheries 

sustainable (FAO, 2014), which could reduce the vulnerability of these communities. However, 

the relationship between fisheries and conflict should be accounted for in public policy, 

especially considering the increased tensions resulting from warmer waters. 

 
2.2 Economic Literature on Climate Shocks and Conflict 

In the past 15 years, the relationship between climate shocks and armed conflict has been 

extensively examined. Predominantly in the African continent, several studies have found a 

causal impact of climate anomalies on the risk of armed conflict. Results show that warmer than 

average years influence conflict by raising the risk of violence or even increasing the likelihood 

of war (O’Loughlin et al., 2012; Burke et al., 2009). Some others have found that adverse rainfall 

 
7 Fisheries in the Philippines are distinguished between commercial and municipal. Commercial fisheries 
are those that fish with industrial gear and fishing vessels and they are only allowed to fish 15 km away 
from the coastline. Commercial fisheries are usually larger fishing and canning firms. Municipal fisheries 
employ local fisherfolk who typically use artisanal fishing gear and vessels. The latter are allowed to fish 
closer to the coastline. 
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has increased the risk of conflict in African countries (Hendrix et al., 2012; Miguel et al., 2004). 

More intense drought has raised the likelihood of conflict in sub-Saharan Africa (Couttenier and 

Soubeyran, 2014; Maystadt and Ecker, 2014). Outside of the African continent, Hsiang, Meng, 

and Cane (2011) found that the probability of armed conflict arising increases with the presence 

of El Niño Southern Oscillation (ENSO). The probability during ENSO years is double relative 

to La Niña years in countries located in the tropics. Most studies explore agriculture as the main 

mechanism. As climate shocks reduce the productivity of crops, conflict is exacerbated. Despite 

those results, Theisen et al. (2012) found that years with below-average rainfall patterns had a 

peaceful effect in Kenya, while Buhaug (2010) argues that climate variables are a poor predictor 

of conflict.  

 To the best of my knowledge, only three studies have examined the relationship between 

climate shocks and armed conflict in Asia. Wischnath and Buhaug (2014) examine the effect of 

climate variables on the risk of experiencing civil war in Asian countries between 1950 and 2008, 

finding that the relationship between climate variability and armed conflict is unclear. Caruso, 

Petrarca, and Ricciuti (2016) find other results for Indonesia when examining the effect of 

climate variation on conflict. Using an instrumental-variables approach, the authors find that 

increases in minimum temperature during the rice-growing season determine an increase in 

violence that is fueled by declines in future rice production per capita. The authors emphasize 

how increases in minimum temperatures reduce rice yields and increase conflict through a 

reduction in food availability. Crost et al. (2015) exploit the seasonal variation of the relationship 

between rainfall and agricultural production to identify the impact of rainfall variability on armed 

conflict in the Philippines. By estimating a fixed-effects model, the authors find that lagged 

rainfall is a robust predictor of conflict intensity. They argue the mechanism at stake is 

agriculture, since armed groups seem to gain strength after a bad harvest caused by higher-than-

average rainfall during the rainy season.  

Burke et al. (2015) examined 50 studies on the topic to find enough support for the 

causal relationship between climate shocks and armed conflict. Most of the literature has based 

its findings on the agriculture mechanism. However, Bolfrass et al. (2014) find that the 

relationship between warm temperatures and armed conflict occurs even in regions in which 

agriculture is not the main economic activity, suggesting that additional mechanisms may also 

drive the effect. This paper focuses on proving that fisheries production is also an important 

mechanism for the Philippines context.  
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3. EMPIRICAL STRATEGY 

3.1 Mechanisms 

This section describes how the relationship between SST and armed conflict could work. 

Figure 1 shows three proposed mechanisms. First, I consider the agriculture mechanism. As 

Crost et al. (2018) find, above-average rainfall during the rainy season in the Philippines can 

cause floods and, as a consequence, poor harvests. The latter is also associated with more 

conflict-related events and deaths. Increases in SST are usually related to an increase in water 

vapor on the surface, which can ultimately produce increases in rainfall near the coastline (EPA, 

2016). The agriculture mechanism is therefore a potential channel of transmission.  

 

Figure 1: Proposed decomposition of the effect of sea surface temperature on 
armed conflict 

 
Source: Author’s elaboration. 

 
On the other hand, changes in SST are likely to have a wide range of effects on fisheries 

and, in turn,  on fisheries-dependent economies, coastal communities, and fisherfolk (Daw et 

al., 2009). The distribution and productivity of different fish stocks are affected by the 

acidification of the ocean, damage to habitats, changes in rainfall, and intensification of tropical 

storms, all caused by increases in SST. In fact, changes in SST have been identified as one of the 

main factors that influence the abundance and recruitment of different species in the Pacific 

Ocean (Daw et al., 2009; Cahuin et al., 2013). Temperature increases cause coral bleaching, which 

occurs when corals lose the algae in their tissues as a consequence of high temperatures and 

usually die (Daw et al., 2009). The populations of fish that live in coral reefs either die or migrate 

to other areas (Everett, 1995), reducing the productivity of the fisheries that depend on them. 

Since coral has very rigid thermal limits, and it can only live within a narrow range of 

Sea surface temperature
Standardized

Fishing    
production

Other channels

Armed conflict
Events and deaths

Agricultural 
production
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temperatures, it is the first marine life to be affected by increases in SST (Damatac and Santos, 

2016).  

Warmer oceans also generate much stronger tropical storms, which disrupt marine 

habitats, and fish populations can also become unviable (Bell, Batty, and Ganachaud, 2009). 

Additionally, these events make fishing operations unsafe, they damage fishing infrastructure, 

and push fisherfolk to acquire safer fishing gear (Santos et al., 2011), which can be more costly. 

Finally, increases in SST modify the spawning time of fish, patterns of migration, 

abundance, and productivity of marine fish populations (Daw et al., 2009). The physiology and 

behavior of fish are also affected, since the heat drives up their metabolic rate and makes them 

use more oxygen, which the waters are already lacking (Santos et al., 2011). The increase in SST 

also reduces their reproductive capacity, and the stock becomes vulnerable to fishing that was 

once sustainable (Brander, 2007). Most fish species are unable to thrive in warmer than usual 

waters because their tolerance limits narrow, and they face the risk of extinction. Unlike humans, 

fish are ectotherms, which means they are unable to control their body temperatures 

(Rosenzweig and Santos, 2020). Therefore, the distribution of species accustomed to warm 

waters tends to shift toward the poles as SST becomes warmer than usual (Santos et al., 2011; 

Jie, al., 2016).  

How may a declining fishing production exacerbate armed conflict? As shown in Figure 

2, this can happen either via the opportunity cost or the substitution channels. First, workers 

choose employment either in productive or criminal sectors based on which sector offers higher 

wages or income. In this framework, a shock that reduces income from the fishing sector reduces 

the opportunity cost of working in the conflict sector and can exacerbate conflict by increasing 

the labor that is supplied to NSAA (Dube and Vargas, 2013). Income losses caused by a decrease 

in fish stocks lower the opportunity cost of working for NSAA (Maystadt and Ecker., 2014). In 

addition, the governance structures imposed by NSAA may also modify the net benefits of 

working in fisheries. Marchais et al. (2019) find that NSAA in the Zamboanga Peninsula impose 

“taxes” as a form of financing, and frequently threaten the population that is unable to pay or 

cooperate with them. As reduced fish stocks decrease the income available for households, they 

may become victims of targeted violence from NSAA since they are unable to pay those taxes.  

In summary, fisherfolk may decide to join NSAA as a result of decreased fish catch, since 

the opportunity cost of doing so is reduced in two ways: income from fishing declines and 

working for NSAA means they can pay the revolutionary taxes in labor. Those same reduced 



 11 

wages or income can lead to increased unemployment or more time to invest in other activities. 

Evidence suggests that fisherfolk in the Philippines tend to switch from working for fisheries to 

working for NSAA depending on the availability of fish stock (Crost et al., 2020). In this sense, 

the reduction in the opportunity cost of actively participating in violence can make households 

substitute fishing activities for working for the conflict sector.  

 

Figure 2: Proposed decomposition of fisheries mechanism 

 
Source: Author’s elaboration. 

 

Another form of substitution that can occur is in the operation of NSAAs, which can 

switch to activities that have higher returns. For example, they may turn to more violent ways of 

charging revolutionary taxes in the rural communities under their control (Stanford University, 

2019). Since reduced stocks also decrease the incomes of NSAAs, considering they are involved 

in the fishing activities (Marchais et al., 2019), they can make up for lost income by substituting 

peaceful activities with violent ones.   

 The proposed framework generates a set of testable predictions. First, SST shocks should 

have a positive and statistically significant effect on the measures of armed conflict. Second, SST 
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shocks should have a negative and statistically significant effect on the measures of agricultural 

and fisheries production.  

 

3.2 Data 

Data on SST were compiled using information from the ATSR and AVHRR sensors, 

openly available at the Climate Change Service – Copernicus website8 (Merchant et al., 2014). 

Information was taken from the daily level 4 SST products which have a 5 km spatial resolution. 

SST of each province corresponds to the average monthly temperature of the sea surface nearest 

to its coastline. Of the 81 provinces in the Philippines, the unit of analysis are 649 with a coastline 

at the quarterly level for years 2003 to 2018.  

Conflict data were compiled from the Uppsala Conflict Data Program (UCDP) 

Georeferenced Event Dataset Codebook: Version 19.1 created by the UCDP at the Department 

of Peace and Conflict Research in Uppsala University (Sundberg and Melander, 2013).  The unit 

of analysis for this database is the event that occurs at a given time and place. Events are defined 

as “an incident where armed force was used by an organized actor against another organized 

actor, or against civilians, resulting in at least one direct death at a specific location and a specific 

date” (Högbladh, 2019, p. 2). The database records the two main actors involved in the event, 

the total number of deaths reported, and which of the actors of interest were responsible for 

them. Events considered in the study were limited to those in which either of the actors reported 

to be involved was one of the six main NSAAs currently operating in the Philippines. Based on 

those events, two measures of conflict were constructed: the total number of events and number 

of deaths that occurred in them measured at the quarterly-province level. For both measures, a 

series of variables were constructed to consider heterogeneity with respect to the actors that 

participated and deaths ascribed to those actors. For example, variables such as number of events 

with CPP involvement and number of CPP combatant deaths were constructed. To analyze 

violence against the civilian population, a number of events variable was constructed which 

counts the number of events where all reported deaths were civilians.  

 
8Details about this database are available in: 
https://cds.climate.copernicus.eu/cdsapp#!/dataset/satellite-sea-surface-temperature?tab=overview. 
Site accessed by author most recently in October, 2020. 
9The province of East Davao, founded in 2013, was not included in the analysis. Any information from 
East Davao was assigned to the Davao del Sur province, from which East Davao was carved out.  
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Data on fishing production were obtained from the Quarterly Municipal Fisheries Survey 

(QMFS) downloaded from the Philippine Statistics Authority website.10 The Marine Municipal 

Fisheries survey provides information on the volume and value of municipal fishing production 

by province, year, and quarter.  

Data on agricultural production were downloaded from the website of the Crops 

Statistics Division of the Philippines Statistics authority.11 These data provide information on 

the volume of corn and rice production by province, year, and quarter.  

Finally, data for control variables were compiled using information from the Philippines 

census of population and housing from 2000, openly available in the IPUMS international 

webpage12 (IPUMS international, 2020). Household information was averaged by province. 

Table 1 shows summary statistics for all variables of interest at the province quarterly 

level. For the average quarter during the period of study, provinces in the sample experienced 

0.4 armed conflict-related events or around one event per year and for those events that took 

place, two casualties were reported, of which 0.05 were civilians. The average fishing production 

is 4.01 thousand metric tons while corn and rice production add to around 70 thousand metric 

tons per quarter per province. The average SST in the Philippines is 28.85°C and average 

deviations from monthly SST are 0.60, which implies that during the period of study, SST was 

usually warmer than average. 

 

 

 

 

 

 

 

 

 

 
 

10 Details at: http://openstat.psa.gov.ph/Database/Agriculture-Forestry-Fisheries. Site accessed by 
author most recently in October, 2020. 
11 Details at: http://openstat.psa.gov.ph/Database/Agriculture-Forestry-Fisheries. Site accessed by 
author most recently in October, 2020. 
12 Details at: https://international.ipums.org/international-action/variables/group. Site accessed by 
author most recently in January, 2021.  
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Table 1: Summary statistics 
Variable Mean Std Dev Min Max  N 

Panel A: Temperature 
SST  28.85 1.01 24.92 30.85 4352 
Std SST 0.60 0.93 -3.00 4.45 4352 

Panel B: Armed conflict 
Total number of events 0.43 1.76 0.00 82 4352 
Events with all deaths civilians 0.05 0.32 0.00 14 4352 
ASG involved 0.11 0.75 0.00 15 4352 
BIFM involved 0.02 0.38 0.00 18 4352 
Civilians involved 0.03 0.27 0.00 12 4352 
CPP involved  0.20 0.58 0.00 8 4352 
GOV involved 0.39 1.58 0.00 70 4352 
MILF involved 0.04 0.48 0.00 17 4352 
MNLF involved 0.01 0.41 0.00 26 4352 
Total number of deaths  1.97 18.52 0.00 1064 4352 
Civilians deaths 0.139 1.406 0.00 70 4352 
ASG deaths 0.32 2.78 0.00 64 4352 
BIFM deaths 0.09 2.60 0.00 146 4352 
CPP deaths 0.32 2.46 0.00 132 4352 
GOV deaths 0.50 3.36 0.00 137 4352 
MILF deaths 0.19 3.30 0.00 150 4352 
MNLF deaths 0.06 3.00 0.00 197 4352 

Panel C: Fishing production 
Volume of production (thousand metric tons) 4.01 5.89 0.0017 87.15 4352 
Value of production (million pesos) 241500 297504.3 90 4233359 4296 

Panel D: Agriculture volume of production 
Corn (thousand metric tons) 19.20 44.57 0.00 564.92 4352 
Rice (thousand metric tons) 49.51 74.54 0.00 783.94 4352 

Panel E: Control variables 
Literacy rates 1.85 0.07 1.54 1.93 3944 
Years of schooling 7.14 0.56 5.92 8.50 3944 
Religion      
Buddhist 0.00 0.00 0.00 0.00 3944 
Christian 0.89 0.25 0.01 0.99 3944 
Muslim 0.09 0.25 0.00 0.97 3944 
Other 0.02 0.02 0.00 0.07 3944 
Unknown 0.00 0.00 0.00 0.01 3944 
House      
Good roof materials 0.62 0.20 0.25 0.94 3944 
Good wall materials 0.95 0.02 0.89 0.99 3944 
Good water source 0.42 0.16 0.11 0.90 3944 
Access to electricity 1.43 0.18 1.06 1.84 3944 
Notes: The unit of observation is province-quarterly. Std SST stands for Standardized Sea Surface 
Temperature. ASG stands for Abu Sayyaf Group, BIFM stands for Bangsamoro Islamic Freedom 
Fighters, CPP stands for communist Party of the Philippines, GOV stands for government, MILF 
stands for Moro Islamic Liberation Front and MNLF stands for Moro National Liberation Front. 

 

Figure 3 shows that, over the years, SST shocks have been due to warmer weather: SST 

has been warmer than usual, and these shocks have become progressively more intense. During 
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2018, the country experienced more deviations upward from the mean vis-à-vis 2003. The 

southern Philippines is most affected by this phenomenon, since by 2018 almost all provinces 

in the island of Mindanao experienced deviations from the monthly mean of SST of more than 

1 unit.  

 

Figure 3: Standardized SST (2003–2018) 

 
Source: Author’s elaboration using Copernicus data. 

 
 

Figure 4 shows time series for standardized SST and the number of events throughout 

the period of study. After 2013 the SST in the Philippines was always warmer than usual, which 

means that, consistent with Figure 3 in recent years, the country has been exposed to permanent 

heat shocks in SST. 

Figure 5 illustrates the spatial distribution of violent events that took place in the 

Philippines throughout the period of study. The most violent area of the Philippines was the 

southern island of Mindanao, which concentrated a greater number of violent events than the 

rest of the country.   
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Figure 4: Standardized SST and number of events (2000–2018) 

 
Source: Author’s elaboration using Copernicus and UCDP data 

 

Figure 5: Spatial distribution of violent events 

 
Source: Author’s elaboration with UCDP data. 
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3.3 Identification strategy 

Based on the specifications proposed by Crost et al. (2015), Maystadt et al. (2015), and 

Caruso, Petrarca, and Ricciuti (2016) and exploiting the nature of the data, the following baseline 

equation is proposed to examine the relationship between SST shocks and conflict outcomes 

for years 2003 to 2018: 

𝐶𝑜𝑛𝑓𝑙𝑖𝑐𝑡!" = 𝛼# + 𝛽$𝑆𝑡𝑑𝑆𝑆𝑇!" + 𝑿𝛿 + 𝛾! + 𝛾" + 𝑒!" (1) 
 

where, 𝐶𝑜𝑛𝑓𝑙𝑖𝑐𝑡!" are the conflict outcomes (number of events and number of deaths) for 

province 𝑖 during time 𝑡 (quarter, year). 𝑆𝑡𝑑𝑆𝑆𝑇!" refers to the quarterly average of standardized 

SST, where 𝑆𝑡𝑑𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒!%= &'%(')*"+)'!",&'%(')*"+)'#"-----------------------

.!"
 with 𝑚 = 𝑚𝑜𝑛𝑡ℎ and 

𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒/%:::::::::::::::::::::	 is the average SST for province 𝑖, month 𝑚 during years 1982 to 1999.  This 

estimates the effect of SST shocks, measured in standard deviations from the monthly mean, on 

the measures of conflict. This variable captures changes in temperatures with respect to what 

the ecosystem averaged for years 1982 to 1999. The 𝑿 vector controls for pre-existing 

characteristics of the provinces that may also affect conflict outcomes, to address the possible 

omitted variable bias in equation 1. As a control for levels of education, the vector includes the 

average literacy rates and years of schooling in the provinces of interest. As a cultural measure, 

the vector includes the percentage of population who identified themselves as: Buddhists, 

Muslims, Christians, or other religions. Finally, as a control for wealth, the vector includes 

indicators for good materials for roofs and walls of the average household, as well as access to 

good water sources and electricity. Equation 1 is further refered to as the reduced form and 

evaluates the main results found in the paper. In order to estimate the effect of SST shocks on 

fisheries and agricultural production, the following equations are proposed: 

𝐹𝑖𝑠ℎ𝑒𝑟𝑖𝑒𝑠!" = 𝜇# + 𝜂$𝑆𝑡𝑑𝑆𝑆𝑇!" + 𝜑! + 𝜑" + 𝜖!" (2) 
𝐴𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑒!" =	𝜇# + 𝛿$𝑆𝑡𝑑𝑆𝑆𝑇!" + 𝜑! + 𝜑" + 𝜖!" (3) 

 

where 𝐹𝑖𝑠ℎ𝑒𝑟𝑖𝑒𝑠!" are either the logarithm of volume of fisheries production, or the value of 

fisheries production and 𝐴𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑒!" is either the logarithm of corn or rice production. These 

estimations explore whether fisheries and agricultural production could be potential mechanisms 

driving the effect on the reduced form estimates. Relying on the assumption that the coefficient 

𝛽$	from equation 1 represents the total effect of SST shocks on conflict outcomes and using a 

mediation analysis, I assume this complete effect can be separated into two: the effect from 



 18 

changes in fisheries and agricultural production and other effects from mechanisms that are not 

being accounted for. In order to do so, the following equation is proposed: 

𝐶𝑜𝑛𝑓𝑙𝑖𝑐𝑡!" = 𝛼# + 𝛽)'0!1+*2𝑆𝑡𝑑𝑆𝑆𝑇!" +D𝜃3𝑀!"
3

3

+ 𝛾! + 𝛾" + 𝑒!" (4) 

where conflict outcomes are a function of SST shocks and 𝑘 mediators 𝑀!"
3  which contain 

measures for fisheries and agricultural production. The coefficient 𝛽)'0!1+*2 reflects how much 

of the conflict outcomes are not explained by changes in the mediator variables.  

All equations include 𝛾! and 𝜑! coefficients to control for unobserved variables that do 

not change in time and are unique to each province and coefficients 𝛾" and 𝜑" to control for 

unobserved temporal shocks affecting the Philippines through the period of study. In order to 

estimate the coefficients of interest, all equations are estimated using a province, quarterly fixed 

effects – within estimator. This estimation controls for unobserved variables that are time-

invariant across provinces and for temporal shocks at the national level. Besides, all estimations 

are done using robust standard errors clustered at the province level.  

Consistently estimating the coefficients of interest using this methodology could be a 

challenge because of the strict exogeneity assumption, which implies that unobservable time-

varying variables related to conflict, fisheries, or agricultural outcomes have no relation with 

standardized SST for any of the periods in the time of study. The construction of the 

standardized SST variable makes the violation of this assumption highly unlikely, since the 

measure considers the periods previous to the study (1982–1998), and those should not be 

related to unobservables in later periods (2000–2018). Strict exogeneity of the standardized SST 

is highly plausible in this context so coefficients can be consistently estimated and causality can 

be implied. On the other hand, controlling for cultural and economic conditions of the provinces 

previous to the period of study is a big step for solving the potential problem of omitted variable 

bias. However, there could still be some omitted variables that affect conflict and could affect 

the estimations. In particular, the prevalence of conflict in certain communities is highly affected, 

whether or not there is strong state presence. It is highly likely that communities with little or no 

state presence are permeated by armed conflict, particularly in this context. Due to the lack of 

data on state presence, I assume that controlling for household conditions such as access to 

electricity or water sources can potentially capture some of this state presence. In this sense, the 

potential bias due to this omitted variable should not be significant in size. 
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4. RESULTS 

4.1 Sea surface temperature and armed conflict 

This section explores the relationship between standardized SST and intensity of armed 

conflict, measured as the number of events and deaths. Table 2 provides the reduced form 

estimates for the effect of standardized SST on the number of events. Results suggest a positive 

but statistically non-significant effect on the total number of events during the period of study. 

Once number of violent events are disaggregated by type of actors’ deaths, the coefficient 

estimate is statistically significant: a one standard deviation increase in SST increases the number 

of events where all deaths were civilians by 0.011 and the number of events where civilians were 

involved by 0.014 at 5 percent significance levels. This result is consistent with the proposed 

hypothesis of an increase in violence, particularly against the civilian population, and these effects 

correspond to 37 percent and 30 percent of the average number of these types of events, 

respectively. A positive and statistically significant effect of standardized SST is found on events 

in which the CPP was reported to be involved. Namely, a one standard deviation increase in SST 

increases the number of quarterly reported events by 0.029 for events with CPP participation, 

which corresponds to 14 percent of the average number of those events.13 This is consistent 

with the fact that the CPP is the most prevalent NSAA in the country, and its armed wing is also 

particularly violent (Stanford University, 2019).  Moreover, as shown in Appendix 1, SST shocks 

do not have a statistically significant effect on the number of violent events with participation 

of other NSAAs. As is also shown in Table 2, these results are all consistent to including the set 

of control variables. The estimators are still statistically significant and remain almost unchanged 

in size. Considering the magnitude of the effects found, SST shocks seem to be increasing events 

involving the civilian population more than other types of events.  

 
 
 
 
 
 
 
 
 
 
 

 
13 Participation in events by the CPP corresponds to 54 percent of the total events reported over the period of study. This shows 
that they are significantly violent, since they were involved in more than half of the events reported (refer to Appendix 3). 
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Table 2: Effect of standardized SST on number of violent events  
(1) (2) (3) (4)  

Number of violent events 
VARIABLES TOTAL All deaths  civilians 
Std SST 0.0248 0.0208 0.0109** 0.0112** 
 (0.0288) (0.0256) (0.00418) (0.00553) 
Constant 0.644*** 49.38*** 0.0377** -1.457 
 (0.123) (10.98) (0.0187) (4.310) 
     

Observations 4,352 3,944 4,352 3,944 
Number of provinces 64 58 64 58 
R-squared 0.010 0.171 0.012 0.13 
Dependent variable mean 0.426 0.426 0.0296 0.0466 
 (5) (6) (7) (8)  

Number of violent events 
VARIABLES Civilians CPP 
Std SST 0.0138** 0.00944** 0.0289*** 0.0257** 
 (0.00577) (0.00367) (0.0104) (0.0119) 
Constant 0.0443* -5.934 0.277*** 19.62** 
 (0.0236) (4.549) (0.0483) (9.178) 
     

Observations 4,352 3,944 4,352 3,944 

Number of provinces 64 58 64 58 

R-squared 0.011 0.133 0.016 0.067 
Dependent variable mean 0.0466 0.0296 0.205 0.205 
Notes: All regressions include province, year, and quarter fixed effects. Even-numbered columns include 
the set of control variables for the 2000 Philippines census. Robust standard errors clustered by province 
reported in parenthesis. ***, **, *, denote statistical significance at 1, 5, and 10 percent. Std SST stands 
for Standardized Sea Surface Temperature. CPP stands for Communist Party of the Philippines.  
 

 
Table 3 shows a positive but statistically non-significant effect of standardized SST on 

the total number of deaths. However, when analyzing the number of deaths attributed to 

civilians, I find that a one standard deviation increase in SST caused civilian deaths to increase 

by 0.037. This corresponds to more than 25 percent of the average civilian deaths per quarter, 

which is a sizeable number. This suggests that SST shocks are causing an intensification of 

violence against the civilian population. Consistent with this hypothesis, Table 3 also shows that 

for all other actors except MILF, SST shocks do not significantly affect the number of deaths. 

In particular, the fact that the number of deaths attributed to the CPP is not significant stands 

out since the number of events in which they are involved does increase with SST shocks. As 

mentioned previously, the CPP is one of the most prevalent NSAAs in the armed conflict in the 
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Philippines, and they are also renowned for their military tactics and the armaments they possess 

(Stanford University, 2018). This could suggest that they are better prepared for a clash when it 

takes place, and it could also be the reason why there is not a statistically significant increase in 

the number of deaths attributed to them. Besides, this group is also known for being particularly 

violent against communities. In fact, the CPP has been known as a group more concerned with 

lucrative activities involving violence against the population than one that is actually fighting for 

social change and better conditions for the less fortunate. The government has even considered 

them to simply be a group of extortionists that are holding up rural development in the country 

(Research Directorate, Immigration and Refugee Board of Canada, 2006).  On the other hand, 

MILF combatants are more likely to die with the intensification of conflict resulting from 

extreme climate shocks: a one standard deviation increase in SST increases deaths attributed to 

the MILF by 0.071, which is around 36 percent of the average deaths reported for this NSAA 

per quarter. The MILF has a strong social basis, and they are often known to be a part of certain 

communities. They actually rely on those small rural communities for the operations that they 

carry out (Marchais et al., 2019). This could explain the results in two ways: first it could be 

harder to distinguish between a member of the MILF and a “neutral” civilian and second, 

combatants could be less experienced and prepared for clashes. This effect however, as shown 

in Appendix 2, is not consistent with the inclusion of the set of control variables. In particular, 

the estimators lose significance, which could occur because of the reduction in the sample when 

including the control variables.  

 

 

Table 3: Effect of standardized SST on number of deaths 
  (1) (2) (3) (4) 

 Number of deaths 
VARIABLES TOTAL Civilians ASG  BIFM  
  

  
  

Std SST 0.241 0.0370* -0.0541 0.0142 
  (0.262) (0.0209) (0.0419) (0.0144) 
Constant 2.740*** 0.217** 0.755** 0.137*** 
  (0.812) (0.0946) (0.318) (0.0471) 
  

 
  

 

Observations 4,352 4,352 4,352 4,352 
Number of provinces 64 64 64 64 
R-squared 0.006 0.006 0.010 0.005 
Dependent variable mean 1.972 0.139 0.317 0.0919 
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 (5) (6) (7) (8) 
 Number of deaths 
VARIABLES CPP GOV MILF MNLF 
   

   

Std SST 0.0120 0.0295 0.0705** -0.0731 
  (0.0266) (0.0431) (0.0329) (0.0687) 
Constant 0.703*** 0.710*** 0.367** 0.0458 
  (0.188) (0.241) (0.178) (0.0291) 
   

   

Observations 4,352 4,352 4,352 4,352 
Number of provinces 64 64 64 64 
R-squared 0.006 0.003 0.010 0.005 
Dependent variable mean 0.317 0.502 0.195 0.0565 
Notes: All regressions include province, year, and quarter fixed effects. Robust standard  errors 
clustered by province reported in parenthesis. ***, **, *, denote statistical significance at 1, 5, and 10 
percent. Std SST stands for Standardized Sea Surface Temperature. ASG stands for Abu Sayyaf 
Group, BIFM stands for Bangsamoro Islamic Freedom Fighters, CPP stands for communist Party 
of the Philippines, GOV stands for government, MILF stands for Moro Islamic Liberation Front, 
and MNLF stands for Moro National Liberation Front.  

 
 
4.2 Sea Surface Temperature and Agricultural Production 

Recognizing climate as a complex, interconnected system is particularly important in this 

context. Since oceans interact with the atmosphere, the effect they can have on other climatic 

variables should be taken into account. This section analyzes the effect of SST shocks on 

agricultural production in the Philippines, emphasizing how agricultural production is another 

potential channel through which SST shocks could be affecting armed conflict. Crost et al., 2015 

find that rainfall shocks in the Philippines during the rainy season have a positive effect on 

several measures of armed conflict. They prove that the mechanism behind this relationship is 

agricultural production. Since SST also alters rainfall patterns, this section evaluates whether SST 

shocks can affect agricultural production, by estimating equation 3.  

The analysis focuses on rice and corn. Rice is the most important crop in the Philippines, 

and its production employs around 2.5 million households (Gonzalez, 2013). Corn is the second 

most important crop in the Philippines, with almost 2 million farmers depending on it for their 

livelihoods (Gerpacio et al., 2004). Both crops together employ almost 5 million people in the 

Philippines; thus, the negative effect that SST shocks may have on their production is important. 

Table 4 shows that SST shocks have a negative and statistically significant effect on the volume 

of corn production. Namely, a one standard deviation increase in SST reduces the production 

of corn by 11 percent. The effect is not statistically significant at conventional levels for the 
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volume of rice production. It should be noted that the effect of SST shocks on corn production 

is not direct but comes from the interaction between both SST and rainfall. Considering the 

findings from Crost et al., 2015, these results suggest that SST shocks could affect armed conflict 

through the agricultural mechanism, since they significantly reduce the production of corn.  

 

Table 4: Effect of standardized SST on volume of agricultural production 
  (1) (2) 
VARIABLES Ln(Volume of corn) Ln(Volume of rice) 
  

  

Std SST -0.116*** 0.00337  
(0.0260) (0.0208) 

Constant 7.295*** 9.814*** 
  (0.117) (0.0745) 
  

  

Observations 4,211 4,185 
R-squared 0.095 0.220 
Number of provinces 64 64 
Dependent variable mean 7.948 9.95 
Notes: Province year and quarter fixed effects are included. Robust standard errors clustered 
by province reported in parenthesis. ***, **, *, denote statistical significance at 1, 5, and 10 
percent. Std SST stands for Standardized Sea Surface Temperature.  

 
 
4.3 Sea Surface Temperature and Fish Production 

This section analyzes the effect of SST shocks on fisheries production in the Philippines, 

emphasizing how this is a new potential channel through which SST shocks could be affecting 

armed conflict. Table 5 shows that SST shocks have a negative and statistically significant effect 

on the volume of fisheries production:  a one standard deviation increase in SST reduces the 

volume of production by 2.1 percent. The effect is not statistically significant at conventional 

levels for the value of fisheries production.  

 

 

 

 

 

 

 



 24 

Table 5: Effect of standardized temperature on volume and value of production 
  (1) (2) 
VARIABLES Ln(Volume of production) Ln(Value of production) 
  

  

Std SST -0.0211** -0.0134  
(0.00890) (0.0100) 

Constant 7.467*** 11.20*** 
  (0.0651) (0.0664) 
  

  

Observations 4,363 4,363 
R-squared 0.112 0.357 
Number of provinces 64 64 
Dependent variable mean 7.711 11.85 
Notes: Province year and quarter fixed effects are included. Robust standard errors clustered 
by province reported in parenthesis. ***, **, *, denote statistical significance at 1, 5, and 10 
percent. Std SST stands for Standardized Sea Surface Temperature.  

 

 Fish species can react differently to fluctuations in SST because some have narrower 

tolerance levels (Santos et al., 2011). For some species, when the temperature reaches certain 

limits, their metabolic rate is affected and productivity can be reduced, forcing them to migrate 

to cooler waters (Neuheimer et al., 2011). Therefore, I would expect SST shocks to affect only 

certain fish species. The QMFS data also consider the volume of production for 32 fish species 

separately. In order to fully exploit that to my advantage, the regressions in Table 5 were 

estimated for the production of each species separately.14 Consistent with what I expected, only 

a few species presented statistically significant reductions in production as a result of SST shocks. 

In particular, Table 6 shows that a one standard deviation increase in SST reduce the volume of 

catch by 5.5, 3.9, 5.7, and 5.4 percent for anchovies, cavalla, flying fish, and squid, respectively. 

The results confirm what other studies have found regarding the effect of SST on these species 

in particular. First, Hasyim, Zainuddin, and Hidayat (2018) find that variations in climatic 

conditions are very important in the fluctuations of anchovy stocks, and that SST is the variable 

with the most impact on the distribution of these small pelagic fish. Zainuddin (2011) finds that 

highly productive fishing grounds of flying fish are found in areas with increased chlorophyll 

concentration and lower SST. Finally, Alabia et al. (2016) find that SST has greatly influenced 

 
14 The regressions were also estimated using different functional forms like quadratic and cubic measures 
of temperature, in order to fully understand how fish stock could be reacting to changes in SST. In 
particular, I find that these four species show a negative, significant, and consistent change across 
specifications. I also did not find that any particular species showed a positive reaction to SST shocks, 
despite its being a possibility.  
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squid fishing grounds in the North Pacific Ocean. The authors predict that higher SST are likely 

to lead to a reduction in the spatial extent of this species and a northward shift of their habitats. 

 

Table 6: Effect of standardized temperature on volume of production by species 
 (1) (2) (3) (4) (5) 
 Ln(Volume of production) 

VARIABLES Anchovies Cavalla Flying fish Sardines Squid 
      
Std SST -0.0546** -0.0452** -0.0549* -0.108 -0.0566**  

(0.0270) (0.0196) (0.0290) (0.0690) (0.0221) 
Constant 4.106*** 2.690*** 3.623*** 7.753*** 3.727***  

(0.173) (0.156) (0.217) (1.878) (0.119) 
           
Observations 4,154 4,060 3,483 3,302 4,163 
Number of provinces 64 64 61 63 64 
R-squared 0.019 0.060 0.030 0.056 0.055 
Dependent variable mean 4.037 3.194 3.420 5.069 4.082 
Percentage of total fisheries production 4.25 1.79 1.87 8.95 3.97 
Notes: Province year and quarter fixed effects are included. Robust standard errors clustered by province 
reported in parenthesis. ***, **, *, denote statistical significance at 1, 5, and 10 percent. Std SST stands 
for Standardized Sea Surface Temperature. 

 

 According to the Food and Agriculture Organization of the United Nations (FAO), 

anchovies and squid are among the ten most important species in the municipal fisheries sector 

of the Philippines as a percentage of total production. As shown in Table 6, for my sample, these 

two species make up almost 10 percent (4.25 and 3.97 percent, respectively) of the total 

production. In this regard, it is particularly important to take note of the negative effect of SST 

shocks on both. Under more extreme scenarios of SST shocks, the productivity of these fish 

catches is likely to decline further, and some strategies must be considered to make up for the 

almost 10 percent of the fisheries production of the country that these two species comprise. 

Moreover, Table 6 also shows that SST shocks do not have a statistically significant effect on 

the volume of sardines production. This result is particularly relevant in this context, since 

sardines are the second most important species in the municipal fishing sector of the Philippines 

(FAO, 2014). For my sample, they make almost 9 percent of the total production alone. The 

result that sardines production is not statistically affected by SST shocks at conventional levels, 

could be explained by the fact that the government has issued several laws that limit sardines 

fishing grounds and seasons, which allow populations enough space and time to grow before 
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being caught, making the species numbers grow. As a result of this, sardine populations are most 

likely strong enough to support extreme changes in the environment. 

 

4.4 Mediation Analysis 

It is evident that SST shocks affect violence involving civilians. In particular, SST shocks 

show a consistent and robust effect on the number of events with civilian participation. For 

exploring the potential mechanisms, I perform mediation analysis to evaluate whether 

agricultural and fishing production is driving the effect of SST shocks on the number of events 

where all deaths were civilians and the number of events where civilians were involved. Tables 

7 and 8 report all estimates related to equation 4. Results suggest that the effect of SST shocks 

on conflict outcomes is partially explained by both mechanisms. Columns (2) and (3) of Table 7 

show a reduction in the magnitude of the coefficient associated with standardized SST when 

mediator variables are included separately. When controlling for fisheries production, the 

coefficient drops from 0.0138 to 0.0133 (which would be the residual effect), and when 

controlling for agricultural production, the coefficient drops from 0.0138 to 0.0136, a slightly 

smaller effect than for fisheries production. Most importantly, column (4) shows a drop from 

0.0138 to 0.0103 when including both sets of mediator variables, suggesting that both 

mechanisms are important in explaining the results found in the reduced form. In particular, the 

coefficient alone (0.0138) represents almost 30 percent of the average number of events where 

all deaths where civilians. When the mediator variables are included, the coefficient alone, drops 

to 22 percent of these type of events. This suggests, that 8 percent of these events are explained 

by the proposed mechanisms, which is a sizeable number. Despite the latter, the coefficient 

associated with SST shocks remains significant across specifications, suggesting that there are 

still some driving factors that are not being accounted for. 
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Table 7: Effect of mediators on number of events with all deaths civilians  
(1) (2) (3) (4) 

VARIABLES Number of events: all deaths civilians 
   

 
  

 
  

Std SST 0.0138** 0.0133** 0.0136** 0.0103** 
  (0.00576) (0.00574) (0.00593) (0.00510) 
Fisheries mediators         
Ln(Volume of production)         
 Anchovies   -0.00187   -0.00694 
    (0.00401)   (0.00452) 
Cavalla   -0.00385   -0.00364 
    (0.00488)   (0.00467) 
Flying fish   0.00822**   0.00908** 
    (0.00393)   (0.00382) 
Squid   0.000266   0.00210 
    (0.00364)   (0.00445) 
Agricultural mediators         
Ln(Volume of production)         
Corn     -0.00581* -0.00786* 
      (0.00297) (0.00409) 
Rice     0.0105* 0.00587 
      (0.00558) (0.00557) 
Dependent variable mean 0.0466 
Notes: Column (1) shows the complete effect of temperature shocks, column (2) includes fisheries 
mediators, column (3) includes agricultural mediators, and column (4) includes all mediators with the 
set of control variables for the 2000 Philippines census. Province year and quarter fixed effects are 
included in all specifications. Robust standard errors clustered by province reported in parenthesis. ***, 
**, *, denote statistical significance at 1, 5, and 10 percent. Std SST stands for Standardized Sea Surface 
Temperature. 

 

When analyzing the number of events with civilian participation, a different pattern 

emerges. Table 8 shows that when controlling for fisheries production, the coefficient drops 

from 0.0109 to 0.0101, which is a much smaller decrease than the results found in Table 7. 

However, when controlling for agricultural production, the coefficient associated with SST 

shocks shows virtually no change. Finally, when including both sets of mediators the coefficient 

associated with SST shocks loses its statistical significance and drops from 0.0109 to 0.00832. 

These results suggest that fisheries production is a more important mediator vis-à-vis agricultural 

production in explaining the relationship between SST shocks and the number of events 

involving civilian deaths. 
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Table 8: Effect of mediators on number of events with civilian participation  
(1) (2) (3) (4) 

VARIABLES Number of events: civilian participation 
   

 
 

 
 

Std SST 0.0109** 0.0101** 0.0110** 0.00832 
  (0.00418) (0.00436) (0.00423) (0.00522) 
Fisheries mediators     

Ln(Volume of production)     
 Anchovies  -0.00242  -0.00374 
  (0.00375)  (0.00403) 
Cavalla  -0.00555  -0.00431 
  (0.00493)  (0.00467) 
Flying fish  0.00641**  0.00418** 
  (0.00259)  (0.00208) 
Squid  0.000849  0.00179 
  (0.00290)  (0.00298) 
Agricultural mediators     

Ln(Volume of production)     
Corn   -0.00528** -0.00391 
   (0.00255) (0.00294) 
Rice   0.00831* 0.00240 
   (0.00458) (0.00266) 
Dependent variable mean 0.029 
Notes: Column (1) shows the complete effect of temperature shocks, column (2) includes fisheries 
mediators, column (3) includes agricultural mediators, and column (4) includes all mediators with the 
set of control variables for the 2000 Philippines census. Province year and quarter fixed effects are 
included in all specifications. Robust standard errors clustered by province reported in parenthesis. ***, 
**, *, denote statistical significance at 1, 5, and 10 percent. Std SST stands for Standardized Sea Surface 
Temperature. 

 

Results found in this section should be analyzed with caution for two reasons. First, fishing 

production is endogenous to conflict and, second, agricultural production may have some lagged 

effects on conflict that are not accounted for in this specification. However, it shows some 

general sense of how SST shocks could be affecting conflict. As discussed above, several papers 

have found that climate shocks (mostly rainfall) exacerbate armed conflict through agricultural 

production. Results found in this paper suggest that fisheries production could be an additional 

mechanism. The following sections document and explain why this mechanism is particularly 

relevant in this context and how it could work. 
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4.5 Sea Surface Temperature and Armed Conflict in Fishing Provinces 

Following the hypothesis that the results found in the previous section could be mainly 

driven by the fisheries mechanism, this section restricts the sample to provinces that have values 

in the 4th and 5th quintiles of the total fisheries production distribution for the period of study. 

Table 9 estimates equations 1, 2, and 3 for that restricted sample, to find that the coefficients 

follow the expected trends.  First, the effect of SST on agricultural production for these 

provinces is smaller, since it goes from a reduction of 11.6 percent to a reduction of 9.2 percent. 

Second, the effect of SST on fisheries production is larger, since it goes from a reduction of 2.1 

percent to a reduction of 3.02 percent. This suggests that for mainly fishing provinces, SST 

shocks have a stronger effect on fisheries production than on agricultural production, as would 

be expected if the fisheries mechanism is more important in explaining the effect. Besides, 

column (3) shows that the effect of SST shocks on the number of events where all deaths are 

civilians is also larger for these provinces, since it goes from an increase of 0.0112 deaths to an 

increase of 0.014 deaths. Considering these results, and that the island of Mindanao has a major 

fishing industry, it makes Mindanao a particularly good case study to analyze how reduced fish 

stocks could affect conflict and to provide some evidence on the opportunity cost and 

substitution mechanisms suggested earlier.  

 

Table 9: Effect of standardized SST on conflict, agricultural and fisheries outcomes for 
fishing provinces 

  (1) (2) (3)  
Agricultural 
production 

Fisheries 
production 

Number of 
events 

VARIABLES Ln(Volume of corn) Ln(Volume of fish) All deaths civilians 
  

   

Std SST -0.0926** -0.0302** 0.0141**  
(0.0372) (0.0120) (0.00642) 

Constant 7.523*** 8.301*** 0.634 
  (0.146) (0.0774) (5.549) 
  

   

Observations 2,200 2,244 2,108 
R-squared 0.142 0.113 0.205 
Number of provinces 33 33 31 
Dependent variable mean 8.141 8.507 0.0466 
Notes: Province year and quarter fixed effects are included. Column (3) also includes the set of control 
variables for the 2000 Philippines census. Robust standard errors clustered by province reported in 
parenthesis. ***, **, *, denote statistical significance at 1, 5, and 10 percent. Std SST stands for 
Standardized Sea Surface Temperature. 
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5. CASE STUDY: Municipal Fisheries and Armed Conflict in the Zamboanga Peninsula 

To better understand the complex dynamics between armed conflict and fisheries in the 

Philippines and how the opportunity cost and substitution channels might operate, this section 

uses information on a representative sample of fishing households in the Zamboanga Peninsula, 

located on the Island of Mindanao. Based on data collected by the Institute of Development 

Studies (United Kingdom), the Universidad de Los Andes (Colombia), the University of Illinois 

at Urbana-Champaign (United States), and Western Mindanao State University (Philippines), I 

explore the association between fisheries and conflict in Zamboanga Peninsula. 

 

5.1 Context  

The southern regions of the island of Mindanao15 have experienced more than 40 years 

of intense violent armed conflict paired with a warmer climate over the years (Chandra et al., 

2017). Violence in the Zamboanga Peninsula (ZamPen) is mainly attributed to clashes between 

the government’s armed forces and five NSAAs,16 mainly with MNLF and MILF groups in the 

past 20 years. The relationship between the fishing sector and armed conflict is the result of 

several historical processes (Marchais et al, 2019). Marchais et al. (2019) document that NSAAs 

have deeply penetrated local societies, to such an extent that some communities are referred to 

as “MNLF” or “MILF.” They are higher on the hierarchy of social organizations, while 

municipal fisherfolk are lower, making them subject to different forms of taxes and extortion 

perpetrated by NSAAs.  

Since fishing households prosper or suffer based on the size and structure of the fish 

stock, the relationship between it and armed conflict is especially relevant in this context. First, 

in the ZamPen, commercial fisheries are considered foreign to the local municipal fisheries, and 

tension exists between the two groups. Municipal fisherfolk believe that commercial fisheries 

are stealing stock due to the fact that they possess more advanced fishing technologies (Marchais 

et al., 2019). This is especially complex in contexts where the fish stock appears to be declining, 

since as the resource becomes scarce, tensions tend to ratchet up further.   

Consequently, the region has experienced competition for access to fish stocks, especially 

in coastal waters. This competition often makes the perfect environment for increased tensions 

 
15 Refer to Appendix 4 for a map locating the Island of Mindanao and the Zamboanga Peninsula. 
16 MNLF (Moro National Liberation Front), MILF (Moro Islamic Liberation Front), CPP (Communist 
Party of the Philippines), AS (Abu Sayyaf Group), and BIFF (Bangsamoro Islamic Freedom Fighters). 
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between fisherfolk and NSAAs, also boosted by resentment between municipal and commercial 

fishers. The decrease in fish stocks may lead to an exacerbation of conflict among actors that are 

dependent on the remaining stocks (Pomeroy et al., 2007). The deep social stratification of these 

societies renders municipal fisherfolk particularly vulnerable to targeted violence coming from 

NSAAs.  

This case study is divided into four main findings. First, I show how SST shocks are 

negatively correlated with households’ average catch. Then I show how households’ average 

catch is also associated with the likelihood of armed conflict-related violence taking place at the 

barangay17 level. Then, I analyze how the presence of taxation and extorsive practices employed 

by NSAA works. Finally, I show how declining fish stocks are correlated with NSAA 

participation. 

 

5.2 Sample and Survey 

The survey was applied to a sample of 1,500 households, drawn from fishing households 

in the provinces of Zamboanga del Norte, Zamboanga del Sur, and Zamboanga Sibugay. 

Additional questionnaires were also administered in 60 barangays from that sample, in which 

community leaders were interviewed to get more precise information on the dynamics of 

conflict. The purpose of the survey was to collect detailed and reliable information to study the 

impact of governance structures related to NSAA in municipal fisheries from the area.  

Figure 6 shows the distribution of the surveyed households, which are almost all in 

barangays along the coastline. Therefore, the survey had a variety of questions primarily 

regarding fishing practices, governance structures imposed by NSAA, household and individual 

labor activities, and others. Three fishing seasons are present in the ZamPen: open peak season, 

which takes place from May to July; open lean season, which takes place from August to 

October; and the closed fishing season,19 which takes place from December to February. The 

survey was applied during open peak season in 2019, but a series of retrospective questions 

collected information on the open lean and closed fishing seasons during 2018, as well as open 

 
17 Barangays are the smallest administrative level in the Philippines.  
19 In 2011 the Zamboanga Peninsula fishing ban was imposed in response to declining fishing stocks and 
as a strategy to promote sustainable fishing practices. The fishing ban was imposed by the Departments 
of Agriculture and Interior and the Local Government through the DA-DILG Administrative Order No. 
1 (Rola et al., 2018). The fishing ban established that during the months of December through March, 
commercial fisheries are not allowed to harvest. It remains in force today.  
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peak seasons in 2010 and 2011. In this sense, several time periods are available for a handful of 

questions. Since surveyed households are geocoded, their coordinates were matched to the 

nearest coastlines in order to assign them values of SST shocks.  

Figure 6: Sample households 

 
Source: Author’s elaboration using survey data. 

 
5.3 Sea Surface Temperature and Catch 

 This section evaluates whether a relationship between SST shocks and catch exists for 

the ZamPen sample. To do so, I estimate the correlation between the standardized SST and the 

reported catch of households in 2019 for each of the three fishing seasons and for 2010 and 

2011 open peak seasons using the following equation: 

𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑	𝑐𝑎𝑡𝑐ℎ! = 𝛿# + 𝛿$𝑆𝑆𝑇𝑠𝑡𝑑! + 𝑿𝜑 + 𝑢! (5) 
 

where 𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑	𝑐𝑎𝑡𝑐ℎ! is the weekly average amount of catch in kg for household i and 

𝑆𝑆𝑇𝑠𝑡𝑑! is the standardized SST for each season, respectively. The set of control variables 𝑿 

include an indicator for fishing ban, NSAA presence, and the number of articles of gear used 

when fishing in order to get a cleaner estimation of coefficient 𝛿I$18. Results are shown in Table 

10 where columns (1), (2), and (5) suggest no relation between SST shocks and household catch. 

However, column (3) reports a negative and statistically significant correlation between SST 

shocks and household catch during closed fishing season. This suggests that at least during 

 
18 Due to the nature of the dataset, no causal effect is being implied.  
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closed season in 2019, catch reported by households was negatively associated with deviations 

in SST. In addition, column (4) shows that this relationship also held during open peak season 

in 2011.  

 
Table 10: OLS estimations for reported catch (2010, 2011, and 2019)  

  (1) (2) (3) 
 Reported catch in 2019 
VARIABLES Open peak season Open lean season Closed season 
  

  
 

Std SST for season 3.732 4.168 -3.435* 
  (3.141) (3.550) (1.848) 
  

  
 

Observations 1,414 1,475 1,401 
R-squared 0.016 0.008 0.022 
Dependent variable mean 31.53 33.65 31.02 
 (4) (5) 
 Reported catch during open peak 

season 
VARIABLES 2010 2011 
  

  

Std SST for season -8.919*** -3.515 
  (3.351) (9.097) 
  

  

Observations 1,414 1,475 
R-squared 0.016 0.008 
Dependent variable mean 31.53 33.65 
Notes: For columns (1) – (5): Robust standard errors clustered by sitio 
reported in parenthesis. ***, **, *, denote statistical significance at 1, 5, and 10 
percent. For column (6): season and household fixed effects are included in 
this specification. Robust standard errors clustered by sitio reported in 
parenthesis. ***, **, *, denote statistical significance at 1, 5, and 10 percent. 
Std SST stands for Standardized Sea Surface Temperature. 

  

As shown in Section 4, SST shocks have a negative causal effect on the catch reported 

at the province level. This section shows that a correlation between the two also exists in the 

sample. Results are therefore conclusive to SST shocks affecting fish stock. The following 

sections document how reduced catch could affect different conflict outcomes in this sample, 

focusing on the opportunity cost and substitution channels presented in Section 3.  
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5.4 Catch and Violence at the Barangay Level 

A series of questions regarding the occurrence of conflict-related events were asked for 

several years, including 2010 and 2011. Making use of the information for household catches in 

those same years, this section evaluates whether a correlation exists between households’ average 

catch and some specific conflict outcomes that are particularly relevant in this context. Marchais 

et al. (2019) find that some of the key violent strategies employed by NSAAs in the area are 

kidnapping of fisherfolk, attacks against fisherfolk or fishing vessels, and taxation or extortion 

of the civilian population. I thus evaluate the correlation between household catch and the 

probability that either of those strategies were employed, using the following equation: 

𝐶𝑜𝑛𝑓𝑙𝑖𝑐𝑡	𝑜𝑢𝑡𝑐𝑜𝑚𝑒𝑠4! = 𝛼# + 𝛼$𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑	𝑐𝑎𝑡𝑐ℎ! + 𝑿𝜑 + 𝑢4! (6) 
 

where 𝑏 denotes the barangays where household 𝑖 lives. 𝐶𝑜𝑛𝑓𝑙𝑖𝑐𝑡	𝑜𝑢𝑡𝑐𝑜𝑚𝑒𝑠4! takes the value 

of 1 when either of the following events occurred in years 2010 or 2011 in the barangay where 

the household lives: kidnappings, attacks against fishing vessels, and threats to population and 0 

otherwise (each conflict outcome is a separate dependent variable). 𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑	𝑐𝑎𝑡𝑐ℎ! is the 

weekly average amount of catch in kg for open peak seasons in years 2010 or 2011 (each year is 

a separate independent variable). The set of control variables 𝑿 include indicators for access to 

electricity in barangay, police stations, and army presence in the barangay. 19  

Table 11 reports the results. Each column estimates equation 6 for the different conflict 

outcomes. Column (1) shows a negative and statistically significant correlation between the 

household’s average reported catch and the likelihood of kidnappings. When natural resources 

become scarce and hence competition over them increases, NSAAs can kidnap civilians to extort 

families into financing them. This is one way that NSAAs coerce people into more violent 

activities. Indeed, Marchais et al. (2019) find that NSAAs in the region kidnap mostly people 

working in the fishing industry. This happens because a market exists for kidnapped people and 

NSAAs engage in these activities to generate revenue. Since NSAAs in the region also benefit 

from fishing, a decrease in the amount of fishing production may decrease their incomes, which 

they might make up by “selling” kidnapped victims. Columns (2) and (5) show a negative and 

 
19 Due to the nature of the dataset no causal effect is being implied. Since set of control variables 
suggested in Equation 6 could potentially be endogenous to conflict outcomes, Appendix 6 estimates the 
same regressions excluding the control variables to show the correlations found are consistent to the 
change. 



 35 

statistically significant correlation between the household’s average reported catch and the 

likelihood that attacks against fishing vessels took place in the barangay where they lived during 

2010 or 2011. Evidence found by Marchais et al. (2019) also shows that fishing vessels in the 

area are often militarized. They find that this has been strongly incentivized by the kidnapping 

for ransom activities perpetrated by some NSAAs. In the same way as kidnappings may occur 

as a result of reduced catch, attacks against fishing vessels can also happen to actually kidnap the 

fishers, since their vessels are usually armed. They also find that “one of the key modus operandi 

of the armed factions is the hijacking of fishing vessels and/or the kidnapping of fishing vessel 

staff” (Marchais et al., 2019, p. 10).  

Columns (3) and (6) show a negative and statistically significant correlation between the 

household’s average reported catch and the likelihood that threats to the population took place 

in the barangay where they live during 2010 or 2011. This result adds onto the previous ones by 

showing that decreased fish stocks may increase violence. Specifically, NSAAs in the region are 

constantly charging taxes as a form of self-financing, and commonly threat the population that 

is unable to pay or cooperate with them. As resources become scarce and households are unable 

to cooperate, threats against them might increase.  
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Table 11: OLS estimations for conflict outcomes 
  (1) (2) (3) 
 Conflict outcomes in 2010 
VARIABLES Kidnappings Attacks to fishing 

vessels 
Threats to 
population 

  
 

  
Amount of catch (kg) -0.000241** -0.000270** -0.00026*** 
  (0.000101) (0.000127) (0.000103) 
     
Observations 510 510 510 
R-squared 0.028 0.115 0.034 
Dependent variable mean 0.0170 0.0624 0.0208 
 (4) (5) (6) 
 Conflict outcomes in 2011 
VARIABLES 

Kidnappings 
Attacks to fishing 

vessels 
Threats to 
population 

     
Amount of catch (kg) 0.0000174 -0.000105** -0.000116** 
  (0.00000375) (0.0000448) (0.000045) 
     
Observations 511 510 510 
R-squared 0.032 0.115 0.034 
Dependent variable mean 0.00567 0.0624 0.0208 
Notes: Robust standard errors clustered by sitio reported in parenthesis. ***, **, *, denote statistical 
significance at 1, 5, and 10 percent. 

 

This section documents and provides some evidence for the substitution channel. Since 

decreased fish stocks can reduce NSAAs’ incomes, it may also increase armed conflict-related 

violence by fueling some of the violent activities that NSAAs in the area usually engage in.  

  
5.5 Tax Collection 

Tax collection by NSAAs in the communities under their control may fuel violence both 

through the substitution and the opportunity cost channels. First, as incomes decrease and 

households are unable to pay the taxes and extortions demanded, NSAA may resort to violent 

tactics to force payment. Second, the opportunity cost of engaging in violence for households 

decreases, since their incomes from fishing activities are also lower. As fish catch reduces due to 

SST shocks, fisherfolk may be at risk of targeted violence. To analyze these strategies, I first 

evaluate whether or not tax collection is more likely in barangays where households have 

perceived a decline in fish stocks in recent years by estimating the following equation: 

𝐴𝐺	𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑	𝑡𝑎𝑥𝑒𝑠! = 𝛾# + 𝛾$𝐷𝑒𝑐𝑟𝑒𝑎𝑠𝑒𝑑	𝑓𝑖𝑠ℎ	𝑠𝑡𝑜𝑐𝑘! + 𝛾5𝐴𝐺! + 𝑢! (7) 
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where 𝑖 denotes surveyed households, 𝐴𝐺	𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑	𝑡𝑎𝑥𝑒𝑠! takes the value of one when 

households reported NSAA collecting taxes in the barangay where they live and 0 otherwise, 

𝐷𝑒𝑐𝑟𝑒𝑎𝑠𝑒𝑑	𝑓𝑖𝑠ℎ	𝑠𝑡𝑜𝑐𝑘! takes the value of one when households reported a decrease in fish 

stocks in the past 10 years and 0 otherwise and 𝐴𝐺! takes the value of 1 when the households 

barangay had NSAA presence during 2019. Results are shown in Table 12. Column (1) suggests 

a positive and statistically significant correlation between households reporting decreased fish 

stocks and the likelihood that they also reported NSAA to be collecting taxes in their barangay. 

Columns (2) and (3) show that these taxes are also more likely to be collected either by pirates 

or by the MILF/MNLF. These results suggest a challenge for households that live in barangays 

where fish stocks have declined, since they must find a way to pay the taxes and extortions forced 

upon them by NSAAs. 

Table 12: OLS estimations for tax collection 
  (1) (2) (3) 
 Tax collection in barangay 
VARIABLES NSAA Pirates MILF/MNLF 
  

  
 

Decreased fish stocks 0.146*** 0.102*** 0.0435** 
  (0.0410) (0.0364) (0.0215) 
     
Observations 1,494 1,494 1,494 
R-squared 0.060 0.038 0.036 
Dependent variable mean 0.0973 0.0973 0.0973 
Notes: Robust standard errors clustered by sitio reported in parenthesis. ***, **, *, denote statistical 
significance at 1, 5, and 10 percent. NSAA stands for Non-State Armed Actors, MILF stands for Moro 
Islamic Liberation Front and MNLF stands for Moro National Liberation Front. 

 
Figure 7 illustrates that taxes are more commonly collected in kind than as monetary 

taxes. What stands out the most, however, is that more than 80 percent of the time, these taxes 

are collected as a fixed amount. This suggests that households must always have a certain amount 

of catch readily available to pay, which places them at high risk, especially when they are exposed 

to fluctuations in the amount of fish available to catch. Households might face more targeted 

violence when not being able to pay this fixed amount. 

 
 
 
 
 



 38 

Figure 7: Forms of tax collection 

 
Source: Elaborated by the author with survey data. 

  

Consistent with this, around 80 percent of the households reported some sort of sanction when 

they were unable or unwilling to pay the taxes imposed by NSAAs. In addition, up to 40 percent 

of households reported physical sanctions and harassment as a form of punishment. This could 

potentially explain the increase in violent events involving civilians, since clashes start to occur 

between them and NSAA.  

Fishing households could come up with adaptation strategies to avoid these clashes, such 

as obtaining the produce elsewhere, such as in fish markets, when the catch is insufficient. 

However, this type of adaptation is dependent on where and when the taxes are collected.  

Households were also asked where these taxes are collected, and more than 95 percent of them 

reported that they were collected either onboard before arriving at the landing centers or 

onboard at the landing centers. Therefore, households are unable to substitute catch to pay the 

tax and must find other coping strategies when catch is low. Marchais et al. (2019) find that 

fishing communities have started to become militarized in the ZamPen especially in  response 

to predatory activities carried out by NSAAs in the area. They find evidence that small municipal 

fishermen have started to arm themselves in order to resist the violence fueled by the demands 

imposed on them to pay those taxes. 

 

5.6 Participation with Non-state Armed Actors 

An alternative coping strategy to reduced fish catch could be to actively participate in 

violence to make up for lost income. Reduced income from fishing lowers the opportunity cost 
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of participating in violence (Crost et al., 2019). In order to provide some evidence, I evaluate 

whether or not having acquaintances that belong to an NSAA is more likely for households that 

have perceived a declining fish stock in recent years by estimating the following equation: 

𝐴𝑐𝑞𝑢𝑎𝑖𝑛𝑡𝑎𝑛𝑐𝑒	𝐴𝐺! = 𝜋# + 𝜋$𝐷𝑒𝑐𝑟𝑒𝑎𝑠𝑒𝑑	𝑓𝑖𝑠ℎ	𝑠𝑡𝑜𝑐𝑘! + 𝜋5𝐴𝐺! + 𝑢! (8) 
 

where 𝐴𝑐𝑞𝑢𝑎𝑖𝑛𝑡𝑎𝑛𝑐𝑒	𝐴𝐺! takes the value of one when households i reports any of the 

following acquaintances belonging to an NSAA and 0 otherwise: friends, relatives, colleagues, 

or other acquaintances (each type of acquaintance is a separate dependent variable). 

𝐷𝑒𝑐𝑟𝑒𝑎𝑠𝑒𝑑	𝑓𝑖𝑠ℎ	𝑠𝑡𝑜𝑐𝑘! takes the value of one when households reported a decrease in fish 

stocks in the past 10 years, and 𝐴𝐺! takes the value of 1 when the households’ barangay had 

NSAA presence during 2019. Table 13 shows a positive and statistically significant correlation 

between households reporting reduced fish stocks and the likelihood they also report some 

acquaintance belonging to NSAA.  

 
Table 13: OLS estimations for participation in NSAA 

  (1) (2) (3) (4) 
 Acquaintance belongs to NSAA 
VARIABLES Friend Relative Colleague Other acquaintance 
  

 
   

Decreased fish stocks 0.0960** 0.0983*** 0.114*** 0.0882* 
  (0.0411) (0.0322) (0.0385) (0.0517) 
      
Observations 7,114 7,114 7,114 7,114 
R-squared 0.172 0.168 0.150 0.222 
Dependent variable mean 0.145 0.0923 0.112 0.223 
Notes: Robust standard errors clustered by sitio reported in parenthesis. ***, **, *, denote statistical 
significance at 1, 5, and 10 percent. 

 

Participating in or being part of an NSAA could be especially relevant for these households since 

fishing governance and decision making is often permeated by conflict. Joining an NSAA could 

protect these households and could be a strategy to cope with reduced fish stocks. 
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6. CONCLUSION 

The extreme changes in climate expected in the coming years are likely to keep on 

increasing sea surface temperatures. Since degradation of marine ecosystems is highly associated 

with those increases, the effects of these changes on fisheries around the world should be a 

major concern of public policy. This paper finds a positive and statistically significant effect of 

SST shocks, measured as deviations from historic monthly means, on conflict outcomes.  

When analyzing the mechanisms behind this relationship, the paper finds that the  same 

SST shocks decrease the volume of corn production and the volume of municipal marine 

fisheries production. The negative effect of SST shocks is statistically significant for certain fish 

species like anchovies and squid, which together make up nearly 10 percent of the country’s 

fisheries production. This result shows that mitigation strategies are required to substitute 

income-generating activities for those fisherfolk. The results are consistent with the hypothesis 

that a decrease in fishing production induced by SST shocks can exacerbate armed conflict-

related violence, particularly against the civilian population. Based on a detailed household survey 

of the dynamics of armed conflict and fisheries for the Zamboanga Peninsula, the paper suggests 

that reduced fisheries production affects conflict via the opportunity cost and the substitution 

channels. 

The results of this paper have important implications for recent efforts made by 

governments to promote sustainable fisheries in developing countries as part of overall strategies 

to mitigate the effects of climate change. This paper shows that the effect of SST shocks not 

only affects fish stocks but also increases violence in conflict-prone areas in the Philippines. 

These results shed light on the importance of designing public policies that take this relationship 

into account. The effects of climate change on SST nowhere near ending, and marine ecosystems 

are at constant risk. Under extreme temperatures, conflict is highly likely to further exacerbate 

and hence become a major issue for global security. Further understanding the mechanism that 

drives the relationship between SST shocks and armed conflict requires collection of more 

precise and disaggregated data on fishing production. Therefore, opportunities emerge for 

further research to deepen understanding of the relationship between SST shocks, armed 

conflict, and fisheries in the Philippines and other countries with similar contexts. 
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APPENDICES 

Appendix 1: Effect of standardized SST on number of violent events by actor   
(1) (2) (3) (4) (5) (6)  

Number of violent events 
VARIABLES ASG BIFM GOV IS MILF MNLF 

  
    

  
Std SST -0.0138 0.00145 0.0124 0.0212 0.00172 -0.0131 
  (0.0124) (0.00100) (0.0275) (0.0199) (0.00521) (0.00984) 
  

    
  

Observations 4,352 4,352 4,352 4,352 4,352 4,352 
Number of provinces 64 64 64 64 64 64 
R-squared 0.012 0.007 0.009 0.011 0.016 0.005 
Dependent variable mean 0.107 0.0188 0.0296 0.394 0.0450 0.0432 
All regressions include province, year, quarter fixed effects and night lights density as a control 
variable.  Robust standard  errors clustered by province reported in parenthesis. ***, **, *, denote 
statistical significance at 1, 5, and 10 percent. 
 

Appendix 2: Effect of standardized SST on number of deaths by actor 
  (1) (2) (3) (4) 

 Number of deaths 
VARIABLES TOTAL Civilians ASG  BIFM  
  

  
  

Std SST 0.266 0.0361 -0.0363 0.0575 
  (0.227) (0.0223) (0.0302) (0.0489) 
  

 
  

 

Observations 3,944 3,944 3,944 3,944 
Number of provinces 58 58 58 58 
R-squared 0.142 0.143 0.208 0.090 
Dependent variable mean 2.148 1.966 0.350 0.101 
 (5) (6) (7) (8) 
 Number of deaths 
VARIABLES CPP GOV MILF MNLF 
      
Std SST 0.00607 0.0469 0.0546 -0.103 
  (0.0423) (0.0490) (0.0472) (0.100) 
      
Observations 3,944 3,944 3,944 3,944 
Number of provinces 58 58 58 58 
R-squared 0.053 0.108 0.101 0.023 
Dependent variable mean 0.345 0.549 0.203 0.0624 
All regressions include province, year and quarter fixed effects and the set of control variables for the 
2000 Philippines census. Robust standard errors clustered by province reported in parenthesis. ***, **, *, 
denote statistical significance at 1, 5, and 10 percent. ASG stands for Abu Sayyaf Group, BIFM stands 
for Bangsamoro Islamic Freedom Fighters, CPP stands for communist Party of the Philippines, GOV 
stands for government, MILF stands for Moro Islamic Liberation Front, and MNLF stands for Moro 
National Liberation Front. 
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Appendix 3: Participation in total events and casualties by actor 

Actor 
(Percentage) 

Events Casualties 
All deaths civilians 10.93 9.74 
ASG 20.78 13.43 
BIFM 4.47 4.41 
CPP 54.40 18.30 
Civilians 6.81 9.74 
Government 92.62 25.57 
IS 8.81 13.79 
MILF 10.15 12.38 
MNLF 1.95 2.37 
Total number of events / casualties 2,305 10,378 

Source: Author’s elaboration with data from UCDP. 
 

Appendix 4: Zamboanga Peninsula and Mindanao location 

 
Source: Author’s elaboration. 
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Appendix 5: Evolution of fish stocks in the past 10 years 
Evolution of fish stocks 

in the past 10 years 
Frequency Percent 

Increased 209 13.93 
Decreased 740 49.33 
Stabilized 551 36.73 

Total 1500 100.00 
Source: Author’s elaboration with data from survey. 

 
 

Appendix 6: OLS estimations for conflict outcomes without control variables 
  (1) (2) (3) 
 Conflict outcomes in 2010 
VARIABLES Kidnappings Attacks to fishing 

vessels 
Threats to 
population 

  
 

  
Amount of catch (kg) -0.000267** -0.000282*** -0.000300*** 
  (0.000111) (0.000108) (0.000116) 
     
Observations 510 510 510 
R-squared 0.008 0.002 0.008 
Dependent variable mean 0.0170 0.0624 0.0208 
 (4) (5) (6) 
 Conflict outcomes in 2011 
VARIABLES 

Kidnappings 
Attacks to fishing 

vessels 
Threats to 
population 

     
Amount of catch (kg) -0.00000925 -0.000140*** -0.000149*** 
  (0.00002.75) (0.0000529) (0.0000541) 
     
Observations 511 511 511 
R-squared 0.000 0.004 0.004 
Dependent variable mean 0.00567 0.0208 0.0208 
Robust standard errors clustered by sitio reported in parenthesis. ***, **, *, denote statistical significance 
at 1, 5, and 10 percent. No control variables added in the regression.  
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