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Abstract 

Anthropogenic processes have a profound impact on environmental health, and by extension, on 

human health.  This thesis uses the sporadic emergence of dengue fever (DF) to explore how 

ecological transformation influences human vulnerability to infections. Urbanization, changing 

land use, and the resulting environmental destruction are likely drivers of increasing dengue 

hemorrhagic fever (DHF) throughout Indonesia, a tropical archipelago whose unique geography 

causes its population to be particularly susceptible to global climate change.  This paper analyzes 

the number of reported DHF cases, DHF incidence rate per 100,000, DHF case fatality rate, and 

total DHF fatalities for 33 provinces in Indonesia. The most densely populated and urbanized 

areas of Indonesia––West Java, Central Java, and East Java––are experiencing the highest 

number of DHF cases and fatalities. Cluster analyses show that DHF is aggregating on provinces 

in Kalimantan, the Indonesian section of the island of Borneo, which are suffering greatly from 

changing land use, drought, and forest fires. Incidence rate analysis supports this association by 

showing that major outbreaks in these areas are occurring in the years directly following 

damaging forest fires. General upward trends of DHF incidence rates on Sumatra and Sulawesi 

suggest the potential influence of a warming climate. This research indicates that the rising 

prevalence of DHF in Indonesia is likely associated with anthropogenic activities and could 

potentially be curtailed with increased environmental precautions. Ultimately, as Earth 

experiences a Third Epidemiological Transition fueled by profound anthropogenic ecological 

transformation, humanity risks experiencing an intensifying disease burden. 
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Introduction 

How diseases emerge and change has been central to human life for millennia. Climate change 

has amplified these experiences (IPCC 2007). Some argue that human activities, known as 

anthropogenic processes, have influenced our environments as far back as the Neolithic 

Revolution, nearly 10,000 years ago when humans began domesticating plants and animals 

(Barrett and Armelagos 2013). Thinking about how ecological change affects disease landscapes 

and humanity’s disease burden is central to our understanding of the past, present and future. 

This thesis uses the case of the sporadic emergence of dengue fever, a vector-borne disease with 

global reach, to describe how warming climates and ecological transformation influence human 

susceptibility to infectious disease, in order to highlight the role that anthropogenic activities can 

have on human health.  Particularly, it seeks to understand how DHF clusters in Indonesia in 

order to explain how the disease travels around a tropical island nation in response to climate 

variations. I specifically focus on 33 provinces in Indonesia to consider how a unique 

geopolitical context has faced a changing climate and disease environment over recent decades.  

 

Anthropogenic Forces throughout History 

Interactions between humans and the environments in which we inhabit have forever changed 

the planet on which we live. The anthropogenic impact of humans on the environment may 

benefit human health in some ways, but in others has dire consequences for human life. 

Anthropogenic forces have profoundly influenced human lives, including through the promotion 

of infectious diseases (Barrett and Armelagos 2013). Dating back to the first pathogenic diseases 

that emerged during the First Epidemiological Transition, when people moved from being 

largely hunter-gatherers to settling in agriculturally based modes of living and domesticating 
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plants and animals, changing landscapes have shaped the types of infectious disease threats 

human societies have faced. In the Neolithic, new technologies to feed newly concentrated 

populations and resources radically changed agricultural landscapes and created optimal 

conditions for the advent of novel, and wide dispersal of existing, infectious diseases. This 

phenomenon was in part because humans and animals resided in closer quarters than ever before, 

creating more opportunity for zoonotic diseases, or the spillover of animal diseases to humans.  

 

The switch to agricultural societies in the Neolithic transformed landscapes. As more food was 

produced, larger and larger societies could be sustained. By placing people in close proximity to 

one another, they allowed for the rise and propagation of infectious diseases. Research has 

suggested that many infectious diseases arose in areas where agriculture was independently 

developed, likely ruling out the possibility that they resulted from common initial natural 

conditions (Barrett and Armelagos 2013). This indicates that humanity’s dense settlements, 

coupled with their interference in their natural environment, truly did allow disease to flourish 

and harmfully impact human health (Barrett and Armelagos 2013). The domestication of animals 

offered a source for virulent pathogens, and large population sizes offered sufficient human-

human interaction to sustain them (Pearce-Duvet 2006). Pearce-Duvet used phylogenetic data to 

investigate the origins of various human pathogens, finding that the majority of those she 

investigated could be ascribed to the advent of civilization and domesticated animals (Pearce-

Duvet 2006). Wolfe, Dunavan, and Diamond identified five specific stages through which a 

pathogen exclusive to wildlife could become a pathogen that primarily infects human beings, 

with domesticated animals serving as effective conduits of the disease (Wolfe, Dunavan, and 

Diamond 2007). Ultimately, by altering the transmission ecology of pre-existing human 
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pathogens, and by increasing the ability of their vectors to spread infections, the advent of 

agriculture and domestication of animals connected humans and wildlife in a previously unseen 

way that eventually fostered the spread of infectious diseases (Pearce-Duvet 2006). 

 

Another example through which human activities affected infectious disease incidence is found 

in the spread of diseases, such as malaria, throughout the Mediterranean, that likely contributed 

to the fall of the Roman Empire (De Zulueta 1973). The spread of these diseases was prompted 

by the extensive deforestation, expansion of human populations, and widespread trade that 

characterized the empire (De Zulueta 1973). The ability of anthropogenic processes to affect 

disease incidence was also markedly clear during the second epidemiological transition, which 

hinged in part on the industrial revolution and changed human lives dramatically. The rise of 

large and dense urban populations following the industrial revolution again transformed disease 

landscapes.  Now, humanity faces another epidemiological transition, a time “marked by the 

accelerated globalization, urbanization, and aging associated with the so-called emerging and re-

emerging infectious diseases of today” (Barrett et. al. 1998, 247). Many contemporary infectious 

diseases are connected to human modification of the environment (Pearce-Duvet 2006). Climate 

change is further accelerating the emergence and reach of these diseases with its impact on local 

and regional weather patterns, ecosystems, and disease hosts and vectors.  

 

Today, humans predominantly impact the environment both by engaging in industrial and 

technological processes that increase the amount of greenhouse gases in the atmosphere, and by 

destroying ecosystems through pollution and exploitation. By burning ample amounts of fossil 

fuels, humans add harmful gases such as methane and carbon dioxide to Earth’s atmosphere, 
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intensifying air pollution and warming the climate. Another way by which they profoundly 

impact the environment is through deforestation. Not only does burning forests add harmful 

greenhouse gases, such as carbon dioxide, to the atmosphere, but it also destroys important plant 

and animal habitats. Deforestation allows for the expansion of agriculture, often powered by 

fossil-fuel-burning equipment, thus further harming the global climate. It also permits the further 

development of large, densely populated cities, whose crowded populations continue to engage 

in harmful industrial practices (IPCC 2007). Overall, humanity is entrenched in an endless cycle 

of environmental destruction that contributes to climate change and subsequently impacts life 

across the world. Thus, analyzing the ways in which anthropogenic activities in Indonesia impact 

their natural environment is imperative to understanding how infectious diseases might be 

subsequently affected in the region. 

 

Indonesia as a Prime Case Study 

Indonesia provides a unique context to study climate change impacts on health not only because 

it is an island nation vulnerable to changing sea levels but also because shifting land use impacts 

vectors that carry disease. The fourth most populous country on the planet, Indonesia has 

upwards of 267 million residents as of April 2020 (CIA 2020). Geographically, it is an 

archipelago made up of about 17,000 islands, only 6,000 of which are inhabited. With nearly 

34,000 miles of coastline, every inch of sea level rise puts the archipelago at risk of losing huge 

amounts of area (Measey 2010). Low latitude countries, such as Indonesia, located at 95° to 141° 

east longitude and 6° north to 11° south latitude, will likely feel the heaviest impacts from 

climate change since their average temperatures fall within much smaller ranges, leading any 

deviations to have much more measurable impacts (Martin 2015; Kusriastuti and Sutomo 2005). 
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The IPCC projects a worst-case temperature rise of 4.3°F (2.4°C) to 11.5°F (6.4°C), with a high 

probability of 7.2°F (4°C) (IPCC 2007). Indonesia will be highly responsive to even tiny changes 

in the global climate.  

 

Furthermore, Indonesia’s unique historical context has led to widespread environmental 

degradation throughout the country, worsening its exposure to the harmful effects of climate 

change. Originally a diverse series of islands with thousands of ethnic and linguistic groups, the 

archipelago was united as a Dutch colonial empire in the sixteenth century. Often referred to by 

the Dutch colonists as the “emerald archipelago” for its lush rice fields, green valleys, and 

plethora of palm trees, Indonesia was a traveler’s tropical paradise. Over time, colonialism 

brought the island nation new economic incentives, creating an agri-industrial complex that has 

rooted Indonesia’s recent history in environmental exploitation (Protchky 2011). Huge palm oil, 

rubber, and other crop plantations now cover 30 percent of Indonesia’s surface (Trading 

Economics, 2020). However, less than 13 percent of Indonesia’s land is inherently arable, while 

nearly 50 percent is covered in forest. This discrepancy has resulted in a need to clear large 

portions of land to conduct huge agricultural operations and sustain Indonesia’s economy. Quite 

often, Indonesia’s rural poor engage in the quick and inexpensive method of “slash-and-burn” 

agriculture, which involves using forest fires to clear land. 

 

Indonesia is thus an excellent test case of climate impacts in part because of different ways in 

which land use may explain differences in infectious disease within and between Indonesia’s 

islands. For example, East Kalimantan, in comparison to the rest of the island of Borneo, has 

suffered from high rates of drought, logging, and subsequent forest fires. One particularly 
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impactful drought ended in 1998 (Nieuwstadt and Sheil 2004). From 1997-1998, nearly 50,000 

km2 of forest in East Kalimantan burned down (Nieuwstadt 2002). Fortunately, minimal overall 

tree biomass was lost, resulting in a plethora of standing tree stems. However, the government of 

Indonesia proceeded to engage in “salvage felling,” or harvesting these tree stems for timber, 

severely reducing the resilience of the forest and further inhibiting it to recover from the fires 

(Nieuwstadt 2002). In addition to logging, East Kalimantan has also been subject to heavy 

amounts of slash-and-burn agriculture, also known as swidden, (Thaler and Anandi 2017) as well 

as new mining operations (Funfgeld 2016). In 2015, Indonesia experienced some of the worst 

forest fires in history. In the months of September to October, more carbon dioxide was released 

into the atmosphere than produced by the entirety of the European Union that year. These fires 

were caused by attempts to cheaply clear land for palm oil crops, pulp plantations, and paper 

plantations (Straits Times 2016). A similar episode, albeit less severe, occurred back in 2006 as 

well (Field et al. 2016). There is longstanding evidence that such environmental destruction 

escalates risk for infectious diseases (Scasta 2015, Steiger et al. 2016). New juxtapositions of 

habitats and species can result in new patterns of vector transmissions (Steiger et al. 2016). 

Steiger et al. (2016) found that anthropogenic land use change could heavily implicate mosquito 

transmission to humans. It is highly likely that the immense ecological stress faced by East 

Kalimantan over time has increased the spread of dengue fever in the area, as well as spillover to 

the neighboring provinces.  

 

Indonesia also has a tropical climate with a high incidence of endemic dengue. Over the past 50 

years, the country has shown to have cyclic peaks of the most severe type of dengue known as 

dengue hemorrhagic fever, or DHF, with recurrent cyclic peaks of DHF every six to eight years 
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(Harapin et. al. 2019). Indonesia’s vast island landscape, an extensive tropical archipelago, over 

time has suffered from increased incidence of dengue fever and DHF (see Setiati et al. 2006). 

Yet, the case fatality rate of DHF has decreased by approximately 50 percent every decade since 

1980 (Harapin et. al. 2019). Most likely these decreases demonstrate the success of public health 

interventions in spite of rising climate threats to prevent the breeding of mosquitoes and surge of 

endemic dengue fever, exemplified by the 15-year period after 1973 during which a successful 

vector control program was able to reduce dengue incidence across the country (Ooi, Goh, and 

Gubler 2006). Nevertheless, while the case fatality rate of DHF may be decreasing, the incidence 

rate of DHF is increasing. Thus, the role that ecology plays in the changing incidence of DHF in 

Indonesia is significant. In this thesis, I investigate how ecological change relates to the rise and 

fall of dengue fever and DHF throughout Indonesia to better understand the impacts of climate 

on vector-borne diseases like dengue. In many ways, Indonesia can appear to be one of the most 

vulnerable nations to climate change because of geographic vulnerability, being a nation of 

contingent islands. Moreover, harmful agricultural practices in the country already affect human 

health by causing significant levels of air pollution, intensifying the impact that climate change 

already has on the region. Yet, understanding the less visible ways in which Indonesians must 

survive climate and ecological changes, such as an infection carried by a mosquito, underscores 

the importance of environmental risk as climates and agricultural practices change.  

 

Fundamentally, I look to Indonesia not only due to its unique environmental structure, but also to 

how its historical and current economic contexts have managed to exacerbate the climate crisis 

throughout the country. By altering the natural world around them, the Indonesian population 

can lower their country’s overall health by making it more vulnerable to the emergence and re-
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emergence of fatal infectious diseases. As Indonesia’s tropical climate then fosters disease-

causing arthropod vectors, these diseases can become endemic to the region. I seek to understand 

the extent to which anthropogenic ecological disruption accelerates DHF levels in Indonesia. 

 

The Case of Malaria 

The impact of ecology on infectious disease prevalence has already been explored with regards 

to other prominent vector-borne diseases today and should therefore be understood prior to an 

analysis of dengue fever. Primarily, the highly responsive nature of malaria to changing African 

ecologies suggests a similar relationship between dengue fever, another mosquito-borne disease, 

and changing Indonesian ecology.  Malaria exemplifies a disease hard hit by a changing climate. 

Shifts in where and how malaria infects people are related to changing temperature and rainfall, 

introducing new areas in which its Anopheles mosquito vectors can thrive and transmit the 

disease, and bringing humans and wild environments closer together.  

 

Agricultural changes to the landscape have had an irreversible effect in many geographies, 

influencing not only soil and aquifers but also temperature. A study in Uganda, for example, 

found that the replacement of natural swamp vegetation with agricultural crops resulted in 

increased temperatures around the region (Lindblade et al. 2001). These researchers linked these 

land use changes to elevated malarial transmission in the regions, suggesting that shifts in where 

mosquitoes resided were a direct result of changes in the physical landscape (Lindblade et al. 

2001).  Others have documented warming trends that could make malaria endemic to the African 

highlands, a region not normally prone to wide scale malaria infections (Ngarakana-Gwasira et 

al. 2016). This is likely due to the fact that warming temperatures made the highlands a 
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welcoming environment for mosquitoes to breed and thrive. These dynamics are amplified by 

studies that reveal  how human interventions, such as in this case, a dam, can influence human 

health, highlighting that how far a village is located from a reservoir shoreline can influence 

malaria incidence (Kibret et al. 2019). Ultimately, agricultural land has become one of the largest 

terrestrial biomes on the planet, covering nearly 40 percent of the Earth’s land surface, and is 

only growing (Patz et al. 2008). Every year, we lose two to three percent of global forests to 

deforestation for agricultural purposes (Patz et al. 2008). As humans continue to transform 

greater amounts of forest land into agricultural land, we risk not only intensifying already 

complex disease issues, but also risk the potential of introducing novel infections to vulnerable 

populations. Changing natural forest lands to croplands or pastures puts species previously 

unassociated with humans in greater proximity to them. As their habitats are destroyed, they 

move into human settlements, and the outcomes of these novel interactions can be disastrous. 

The increased spread of malaria throughout Africa, the world’s hotspot for the deadly disease, 

with human-induced environmental change, is just the beginning of a host of problems that 

agricultural transformation will likely bring about.  

 

The Case of Dengue Fever 

Observations on malaria can be applied to observations on the incidences of dengue fever. 

Dengue fever shares many similar agricultural challenges to malaria because they are both 

arthropod-borne diseases.. The mosquito is instrumental to both the transmission of malaria and 

dengue, although different species are responsible for each. This important point highlights how 

environmentally linked both conditions are: by impeding breeding grounds for mosquitoes, both 

conditions could ostensibly be prevented. But the widespread affliction of both conditions, often 
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tracked together in similar regions, suggest that there is complexity in where, how, and who the 

disease infects/afflicts.  

 

By the end of the twentieth century, dengue fever was endemic in tropical regions between 30° 

north and 20° south latitude (Patz et al, 1996). Epidemiologists have found mosquitoes carrying 

the dengue fever virus as high as 45° north, but the mosquitoes were unable to survive through 

the winter (Nathan and Dayal-Drager 2006). This was attributed to the inability of adult 

mosquitoes to thrive and eggs and larvae to survive in colder temperatures and frosts and its 

affinity for warmer climates (Patz et al, 1996). A warming planet could allow dengue fever to 

spread into regions previously unaffected. With a changing planet, dengue fever has resurged 

globally since the end of the twentieth century and beginning of the twenty-first century, causing 

numerous outbreaks and upwards of 20,000 fatalities per year in tropical regions (WHO 2019). 

The expanding intensity and geographic distribution of dengue fever and its vectors in the 

twenty-first century calls for increased knowledge on how the disease develops and spreads. In 

Southeast Asia, DHF cases were increasing at an annual rate of less than 10,000 per year in the 

1960s to greater than 200,000 in the 1990s (Bangs et al. 2006). While we cannot say for certain 

whether these numbers reflect an overall increase in the number of cases, or simply an increase 

in the amount of data, they definitely reflect a rise in incidence. It is now endemic to the region, 

with cases of DHF generally peaking during Southeast Asia’s rainy season as it starts in June, 

before peaking again in September (Schwartz et al. 2008). Between 1997 and 2006, in Southeast 

Asia, annual morbidity from DHF more than tripled from 50 dengue cases per 1,000 in non-

epidemic years to approximately 159 cases per 1,000 during the dominant epidemic years 

(Schwartz et al. 2008). As a tropical disease, dengue fever has managed to establish a strong 
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foothold anywhere where the temperature and humidity levels permit it to, resulting in its spread 

to Central and South America, Africa, the Middle East, and South and Southeast Asia. As global 

warming increases temperatures around the planet, dengue fever virus-transmitting mosquitoes 

could very likely find their way further North and South, where they could grow to survive and 

reproduce for years to come. 

 

Dengue Fever Risks, Biology, and Trends 

Dengue fever likely originated in nonhuman primates as long as 800 years ago (Wolfe, Dunavan, 

and Diamond 2007, Yuill and Kaye 2017). One of the most widespread arboviruses, or 

arthropod-borne viruses, in the world, dengue fever is the only known arbovirus that has fully 

adapted to survival in human hosts without needing a supplementary enzootic cycle with 

nonhuman primates (WHO 2019). The arbovirus is vector-borne and transmitted through the bite 

of an Aedes mosquito, most often the species Aedes aegypti, although Aedes albopictus can 

transmit dengue fever as well. Most tropical diseases are transmitted by arthropod vectors 

(Wolfe, Dunavan, and Diamond 2007). Mosquitoes prefer warmer, more human climates, and 

thus thrive in tropical island ecosystems. Aedes aegypti mosquitoesmgenerally thrive in areas 

with humidity levels over 60 percent, and temperatures between 24 and 30 degrees Celsius. 

Thus, small ecological changes that warm an area could allow for the spread of these tiny 

arthropod disease vectors.  

 

Female mosquitoes transmit disease to humans when extracting a blood-meal, which they require 

in order to provide a source of protein for their eggs. While some mosquitos prefer cattle, horses, 

and birds, others rely on primarily human blood to nourish their eggs. In the case of dengue, an 
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Aedes mosquito picks up a virus from the blood of a human and gives it to another via its saliva. 

Mosquitoes use water to breed, and female mosquitoes will lay their eggs in a variety of standing 

water sources.  From pools formed by melting snow, to wetland habitats such as marshes and 

swamps, to open water stored by humans, female mosquitoes seek out sources of water that will 

flood or flow over regularly.  

 

Many cases of dengue fever infection are never reported or even apparent due to mild symptoms, 

irregular presentation, or a lack of presentation overall (Halstead 2008). Between 100 and 390 

million cases of dengue fever are actually suspected to occur annually (Kakarla et al. 2019). Four 

serotypes of dengue fever virus are currently known (DENV-1, DENV-2, DENV-3, and DENV-

4). Infection by one serotype does not guarantee protection from future infection by other 

serotypes, and not all serotypes have the same impact on humans. Dengue fever can manifest in 

dengue hemorrhagic fever (DHF), a syndrome that is often fatal. Infection by a second serotype 

actually increases the likelihood of contracting dengue hemorrhagic fever, a more severe and 

often lethal form of the disease, although infection by all four serotypes is not needed to contract 

a severe form of DHF (WHO 2019). Figure 1 shows how infection by one serotype in some 

individuals generates antibodies that lead to an immune-enhancement reaction that increases the 

likelihood of contracting DHF when infected by a second serotype (WHO 2019). Approximately 

500,000 out of 50 to 100 million clinically reported cases of dengue fever result in DHF (WHO 

2019). All four serotypes of dengue fever are in circulation in most infected areas of Southeast 

Asia, with DENV-3 being the most prevalent, and this hyperendemicity has allowed for 

increasingly higher numbers of reported DHF cases (Gubler 2011). However, these factors do 

not decrease the likelihood for DHF contraction upon a second infection (Gubler 2011).  
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Figure 1. Graphic illustrating one possible path of repeated exposure to dengue serotypes. This 

illustration depicts a first infection by DENV-3, followed by DENV-2, DENV-1, and finally 

DENV-4. 

 

Climate may influence the prevalence of dengue fever and DHF. Currently, 40 percent of the 

world's population, about 3 billion people, live in areas with a risk of dengue fever transmission, 

including in the Caribbean, Central and South America, Southeast Asia, and the Pacific Islands 

(CDC 2019). The Intergovernmental Panel on Climate Change (IPCC) predicts that about 5-6 

billion people worldwide will be at risk of dengue infection by 2085 due to climate change 

compared to 3.5 billion without the currently projected levels of climate change (IPCC 2007, 

Hales et al. 2002). One study estimates that regions with environmental conditions suitable for 

Aedes albopictus development will increase cases of dengue by 50 percent by the end of the 
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century (Rochlin 2013). Tropical island nations, such as Indonesia, are at greater risk for dengue 

than other regions of the world that may experience climate changes (Kusriastuti and Sutomo 

2005; Martin 2015). Some studies have begun to investigate this relationship in Indonesia, but 

still little is known about how dengue fever might be associated with climatic variables (Arcari 

2007).  

 

Ecological Change and Dengue Fever in Indonesia 

Indonesia is often listed as particularly vulnerable to the forces of climate change. Indonesia 

constantly faces destruction from natural disasters such as earthquakes, flooding, typhoons, and 

volcanic eruptions (Arifin and Nakagoshi 2011). However, more importantly, it also faces 

unprecedented human destruction to the environment, from loss of biodiversity to decreasing 

water quality and air pollution (Arifin and Nakagoshi 2011). Deforestation is the primary way 

through which Indonesia suffers from environmental degradation. Estimates suggest that 

Indonesia loses about 2.4 million hectares of rainforest each year (Rainforest Action Network 

2020). This situation places Indonesia in a precarious position because the influence these 

changes will have on human health are only recently being explored. Deforestation, forest fires, 

and the degradation of peatland have caused Indonesia to become one of the world’s largest 

emitters of greenhouse gases and thus to have one of the worst levels of air pollution in the world 

(Measey 2010). This puts Indonesian residents, particularly urban residents, at risk for a wide 

variety of health issues caused by the increased inhalation of harmful air particulates, from 

respiratory illnesses to fatal cardiac issues.  
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Furthermore, as a vast archipelago with nearly 34,000 miles of coastline, Indonesia stands at risk 

for high amounts of flooding due to climate change-induced sea level rise (Measey 2010). This 

could result in the unprecedented loss of arable lands and tumultuous changes to the coastal 

regions. Indonesia’s poor will feel the greatest impact from climate change, as sea level rises will 

disproportionately affect poor families dependent on these previously arable lands for 

agricultural production or the coastal waters for fisheries (ADB 2009). Moreover, sea level rise 

could result in the increased incidence of water-borne diseases as well, including amoebiasis, 

cholera, giardia, shigellosis, and typhoid fever (Measey 2010). Indonesia also tends to face 

influence by the El Niño Southern Oscillation, or ENSO. ENSO is a recurring climate 

irregularity that changes expected sea surface temperatures and winds in the tropical Eastern 

Pacific Ocean. This climate pattern primarily affects Indonesia by reducing total annual rainfall 

during ENSO years (National Weather Service 2020). Bangs et al. found that an ENSO-driven 

increase in temperature had an influence on the increased transmission of the dengue fever virus 

by Indonesia’s mosquito population (Bangs et al. 2006).  

 

Considering the intersection of other human health problems that emerge with a shifting climate, 

increases in the incidence of DHF could overwhelm Indonesia’s already limited health system. 

Indonesia’s 2001 switch to decentralized governance has ultimately resulted in overall low levels 

of public funding for health and the lack of oversight as to how province-level administrators 

manage health systems (Heywood and Choi 2010). Furthermore, lower income individuals often 

have access to lower qualities of healthcare, and often have to travel lengthy distances to obtain 

it. Systems in place that attempt to provide healthcare for Indonesia’s poorest poor are often 

inaccessible to the less poor (Shields 2003). Increased DHF incidence rates could prove 
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disastrous for Indonesia’s poorly resourced health system, which, according to the World Health 

Organization in 2017, has only four doctors to every 10,000 people (Pasley 2020).  

 

The timeline of the earliest reporting of dengue fever in Indonesia is highlighted in Figure 2. 

Figure 2 shows that the first 58 cases of dengue fever in Indonesia were reported in the provinces 

DKI Jakarta and East Java (in the city of Surabaya) in 1968 (Karyanti 2014). The first dengue 

fever outbreak was reported in Central Java in 1973, followed by North Sulawesi in 1974. The 

first DHF outbreaks occurred a couple years later in Central Java in 1976-78. DHF outbreaks 

were recorded again throughout the Indonesian archipelago from 1997-1998, beginning in 

November 1997 in South Sumatra and Lampung, spreading to all the provinces in Sulawesi 

along with West Nusa Tenggara and Maluku, and finally arriving in DKI Jakarta in March 1998 

(Setiati et al. 2006). While it is difficult to know to what extent this trend of increasing DHF 

outbreaks is due to increased reporting and better diagnostics, the trend does suggest an overall 

spread of the disease to regions likely unaffected before. Fortunately, despite the increased 

spread, Setiati et al. found that the case-fatality rate fell over time, suggesting that this fall likely 

reflects “increased awareness and improved treatment protocols” (Setiati et al. 2006, 1). 
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Figure 2. Timeline of major dengue fever outbreaks in Indonesia from 1968-2000. This  

timeline was created using Adobe Spark Timeline Creator. Outbreaks after 2000 are not 

included in this figure because they became much more irregular and widespread and are 

instead represented by the data analyzed throughout the rest of this thesis.  

 

Widespread globalization during the latter half of the twentieth century allowed DHF to spread 

throughout the archipelago. One study by Karyanti, et. al. found that the incidence rate of DHF 

in Indonesia increased from 0.05/100,000 in 1968 to about 35-40/100,000 in 2013, although the 

case fatality rate decreased during this time most likely thanks to medical advances (Karyanti et. 

al. 2014). Karyanti, et. al. suggests that these incidence rate increases may be explained by: 

increased vector density, poor vector control, expanded human mobility, increased population 

density, and high rates of urbanization (Karyanti et. al. 2014). High levels of urbanization and 

crowding are key contributors to the spread of any infectious disease by increasing individuals’ 

exposure to new microorganisms, and dengue fever/DHF is no exception (Vidaver 1996). 
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Environmental theories as to the cause of the First Epidemiological Transition “point to major 

triggers such as climate change and droughts that desiccated foraging areas, thereby 

concentrating people, plants, and animals into small oases of cultivation” (Barrett 2013, 31). 

Gubler (2011) describes dengue, urbanization, and globalization as “the unholy trinity of the 21st 

century” (3). Unprecedented population growth combined with the ease of air travel has created 

shorter average distances between people around Indonesia, and even around the globe.  

 

Ultimately, I use dengue fever to explain in part how planetary challenges interact with human 

health, and to try to explain how these shifts reflect changing ecologies and environmental risk in 

Indonesia. This is important because not only is dengue fever rising in the island nation but also 

the more severe problem of DHF is rising and threatening the health and wellbeing of those who 

reside there. Understanding what future concerns might appear is imperative to nations making 

climate preparations, as is recognizing how planetary shifts create new social and viral realities 

for populations residing in the widening tropical latitudes, island and coastal populations in 

particular.  
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Methods 

Context 

Indonesia consists of 34 provinces on five major islands, including the islands of Sumatra, Java, 

Kalimantan/Borneo, Sulawesi, and New Guinea, as well as four island chains (see Table 1 and 

Figure 2).1 The world’s fourth most populous country, Indonesia began as a series of interrelated 

islands consisting of thousands of different ethnic groups, languages, and dialects. Eventually, 

the islands were brought together as Dutch colonial empire, becoming an important economic 

port. Indonesia’s independence from the Netherlands in 1945 initiated an ongoing attempt to 

reconcile the many different cultural identities of Indonesia and build one unified nation 

(Drakeley 2005). Indonesia is politically a republic with an executive President; formally, the 

country is a democracy, but it suffered from authoritarian governments throughout the twentieth 

century. Constitutional reforms and decentralization attempts at the turn of the 21st century have 

attempted to move away from this structure, placing more emphasis on province-level 

administration (Drakeley 2005).  

 

Table 1. List of Indonesian provinces by major island or island chain.  

Major Island Province(s) 

Sumatra Aceh, Bengkulu, Jambi, Lampung, Riau, North 

Sumatra, West Sumatra 

Java DI Yogyakarta, DI Jakarta, Banten, West Java, Central 

Java, East Java 

 
1 Most data on North Kalimantan begins in 2014 due to the province’s recent establishment in 
2012 and was therefore excluded from analyses (Johnson 2012). 
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Kalimantan/Borneo East Kalimantan, West Kalimantan, Central 

Kalimantan, South Kalimantan, North Kalimantan 

Sulawesi North Sulawesi, West Sulawesi, Central Sulawesi, 

South Sulawesi, East Sulawesi, Gorontalo 

New Guinea Papua, West Papua 

Island Chain Province(s) 

Riau Islands Kepulauan Riau 

Bangka Belitung Islands Kepulauan Bangka Belitung 

Lesser Sunda Islands Bali, West Nusa Tenggara, East Nusa Tenggara 

Maluku Islands Maluku, North Maluku 
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Figure 3. Map of the provinces of Indonesia. Map created by CartoGIS Services, College of 

Asia and the Pacific, and The Australian National University.  

 

Data 

The Ministry of Health of the Republic of Indonesia releases total population and health profiles 

annually, which include dengue hemorrhagic fever. The Indonesia health profiles are compiled 

based on data from routine surveys from technical units within the Ministry of Health and other 

related institutions such as the Central Statistics Agency (BPS), Social Security Organizing 

Agency (BPJS), Ministry of Home Affairs, and the National Population and Family Planning 

Board (BKKBN). They consist of information collected locally and regionally from healthcare 

facilities across the archipelago which is then consolidated nationally. These health profiles are 

released in Indonesian, the national language of Indonesia. Fortunately, I was able to translate 

the information to English using Google Translate.  
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For this thesis, I evaluate health profiles from 2004 to 2018 and focus on province-level data 

between 2000 and 2018. This research involves four main pools of province-level data on DHF: 

total number of DHF cases, DHF incidence rate per 100,000, DHF case fatality rate, and total 

number of DHF fatalities. Total number of DHF cases, DHF incidence rate per 100,000, and 

DHF case fatality rate was obtained for the entirety of 2000 to 2018, although data from certain 

provinces were limited. Data for Kepulauan Bangka Belitung, Banten, Gorontalo, and North 

Maluku was only supplied from 2002, and for Kepulauan Riau, West Sulawesi, and Papua from 

2005. Total population data per province was obtained from 2004 to 2018, while data on the total 

number of DHF fatalities per province was obtained from 2006 to 2018.  

 

Data Analysis 

Cluster analyses were conducted using SaTScan. Data on the total number of DHF cases per 

province were grouped into five three-year time intervals of 2004-2006, 2007-2009, 2010-2012, 

2013-2015, and 2016-2018. The number of DHF cases per year were added for a total number 

within each three-year interval, while the total population was averaged between each of the 

years. A purely spatial Poisson scan statistic was conducted for each of the time intervals, and 

the maps were generated using Google Maps. A lack of population data prior to 2004 prevented 

a cluster analysis from being conducted on the DHF case data from 2000-2003. All other graphs 

were created via Microsoft Excel or mapchart.net.  
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Results 

Figure 4 shows the DHF incidence rate per 100,000 vs. time in Java, Sumatra, Sulawesi, and 

Kalimantan, showing great variation from 2000-2018. The overall population for each of these 

islands in 2018 are as follows: Java – 149,635,784, Sumatra – 54,168,068, Sulawesi – 

19,461,505, and Kalimantan – 16,209,810. While noting the overall population of each of these 

islands is important for a comprehensive understanding of this figure, it is more important to pay 

attention to the overall patterns created relative to each other. Visual interpretation suggests that 

spikes in DHF cases often occurred around the same time in each province. A large number of 

provinces experienced a spike in 2016, in addition to a general upward trend since 2000. DKI 

Jakarta experienced a sharp rise in the incidence rate beginning in 2003, and a sharp fall by 2011. 

The total number of cases on the island of Sumatra appears to be following a steady upward 

trend. Similarly, Sulawesi also appears to be experiencing a general upward trend in DHF 

incidence rates.  

 

 

   Java      Sumatra 
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Sulawesi       Kalimantan 

Figure 4. Graphs depicting changes in the number of DHF cases by province between 2000-

2018 for four of Indonesia’s main islands: Java, Sumatra, Sulawesi, and Kalimantan.  

 

Figure 5 reports the fatalities from DHF in Java, Sumatra, Sulawesi, and Kalimantan, and shows 

that the highest number of fatalities from DHF (2000+) appeared to be concentrated on the island 

of Java in the provinces of West, Central, and East Java. This result is consistent with the much 

higher populations in each of these provinces relative to the rest of Indonesia. Similarly, two 

other highly populated provinces, East Kalimantan (700-799) and Banten (600-699), contributed 

a high number of fatalities since 2000. These five provinces are further analyzed in Figure 5. On 

the island of Sumatra, Lampung has experienced the highest number of fatalities in this time 

period (600-699), while on the island of Sulawesi, South Sulawesi has fared the worst with a 

similar count.  
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Figure 5. Map of Indonesia depicting total fatalities from DHF between 2006-2018 by 

province. Map created using mapchart.net.  

 

An incidence rate graph was therefore created based off of these aforementioned five provinces. 

Figure 6 shows that the DHF incidence rates per 100,000 for the Indonesian provinces of West 

Java, Central Java, East Java, Banten, and East Kalimantan demonstrate a general correlation. 

The incidence rate appears to reach a high between 2007-2010 and to spike in 2016 for all four 

provinces. Meanwhile, the incidence rate reached overall lows in 2000 and 2011 for all five 

provinces analyzed.  
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Figure 6. Graph depicting DHF incidence rate per 100,000 for four Indonesian provinces. 

Provinces of West Java, Central Java, East Java, Banten, and East Kalimantan were chosen 

based on the highest total fatalities. 

 

A cluster analysis was then conducted to identify any significant instances of the clustering of 

DHF in the provinces of Indonesia. Figure 7 shows a cluster analysis conducted over five three-

year intervals, taking into account the total population of each province. From 2004-2006, and 

from 2007-2009, analysis did not yield any significant DHF clusters. However, it did point out 

DHF strongholds in Jakarta, Bandung, Bali, East Kalimantan, and North Sulawesi, suggesting 

that these regions were individually experiencing high levels of DHF. However, the dispersed 

geographic locations of each of these provinces did not lend itself to the creation of significant 

disease clusters. Data from 2010-2012 suggested the emergence of a cluster in northern Sumatra, 

centered around Aceh. The cluster analysis from 2013-2015 proceeds to demonstrate a strong 
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cluster on the island of Kalimantan, centered around West Kalimantan. Finally, the cluster 

analysis from 2016-2018 shows the continuation of the 2013-2015 Kalimantan cluster, in 

addition to a new cluster around the entirety of Sulawesi, centered on South Sulawesi. Overall, 

the cluster analysis suggests a cluster in northern Sumatra in 2010-2012, on the island of 

Kalimantan in 2013-2015, and in both Kalimantan and Sulawesi in 2016-2018. As a result of 

these findings, the incidence rates over time for the identified provinces in Kalimantan and 

Sulawesi were graphed (Figures 8 and 9).  
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2004-2006 

 

2007-2009 
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2010-2012 

 

2013-2015 
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2016-2018 

Figure 7. Purely spatial Poisson scan statistic for dengue hemorrhagic fever incidence by 

province in Indonesia shows changing and emergence of disease clusters over time. Data was 

divided into five time intervals between 2000-2018, and analysis was conducted via SaTScan ( p 

< 0.00000000000000001).  

 

Figures 8 and 9 show changes in the incidence rate per 100,000 of DHF from 2000 to 2018 by 

province. Figure 8 displays data for four provinces on the island of Kalimantan, including West 

Kalimantan, Central Kalimantan, South Kalimantan, and East Kalimantan. The graph suggests 

that the incidence rates spiked around 2009 before dropping to a low in 2011. Eventually, each of 

the provinces reached a new high, with West Kalimantan experiencing it in 2014, slightly prior 

than the other provinces. Central Kalimantan, South Kalimantan, and East Kalimantan 

experienced highs around 2016. East Kalimantan in particular reached a very high incidence rate 
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of over 300 in 2016, more than three times higher than the incidence rates for each of the other 

provinces analyzed in this graph. Figure 9 shows changes in the incidence rate per 100,000 of 

DHF from 2000 to 2018 by province for six provinces on the island of Sulawesi, including North 

Sulawesi, Central Sulawesi, South Sulawesi, Southeast Sulawesi, Gorontalo, and West Sulawesi. 

The incidence rates for each of these provinces generally did not follow a similar trend through 

the early years of the twenty-first century. However, they all appear to converge and rise to a 

high spike in 2016. Southeast Sulawesi reached the highest incidence rate in this year, the first 

time the incidence rate for any province on Sulawesi extended over 100 since North Sulawesi did 

so in 2005. The results of Figures 8 and 9 are consistent with the results of Figure 7, which 

suggested DHF clusters in the 2016-2018 interval. 

 

 

Figure 8. Graph depicting DHF incidence rate per 100,000 from 2000 to 2018 by province for 

four provinces on the island of Kalimantan. Data on North Kalimantan was excluded due to the 

province’s recent establishment in 2012. 
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Figure 9. Graph depicting DHF incidence rate per 100,000 from 2000 to 2018 by province for 

six provinces on the island of Sulawesi.  
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Discussion 

The extremely high number of reported DHF cases, incidence rates, and case fatality rates of the 

most densely populated parts of Indonesia are evidence for how strongly urbanization and 

population crowding can allow for dengue infection. The most highly populated regions of 

Indonesia, namely the capital city of Jakarta, consistently had the highest case numbers and 

incidence rates. Furthermore, Figure 4 suggests that spikes in DHF incidence rates often 

occurred around the same time, consistent with the cyclical nature of DHF, which has generally 

peaked every six to eight years in Indonesia for the past 50 years (Harapin, et. al. 2019). Figure 6 

is particularly telling of this fact. DHF incidence rates per 100,000 in the provinces of West Java, 

Central Java, East Java, Banten, and East Kalimantan appeared to reach highs in 2009 and 2016, 

consistent with DHF’s six to eight-year cyclical cycle.  

 

This analysis suggests a cluster emerging in Kalimantan, centered around West Kalimantan, 

between 2013-2015, and again between 2016-2018. However, graphing the incidence rates over 

time for the provinces in Kalimantan suggest a deviation from the other provinces by East 

Kalimantan. The forest fires of 2006 and 2015 must have strongly contributed to the high peaks 

of dengue fever in 2008 and 2016 not only in Kalimantan, but likely throughout Indonesia, since 

graphing the incidence rates of each of the most highly populated provinces throughout 

Indonesia since 2000 suggests a similar correlation of DHF incidence (Figure 6). DHF incidence 

began increasing in 2000, reaching a peak around 2008 and then dropping to a low in 2011. DHF 

incidence then increased to another peak in 2016 before sharply declining by 2017. The intensity 

of the Southeast Asian Haze in 2015, caused by high amounts of slash-and-burn agriculture in 

rural areas, could serve as an explanation for increased DHF incidence in the year directly after 
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(Chander 2017). Further research on the association between atmospheric carbon dioxide levels 

or total suspended particles in Indonesia and Dengue fever incidence could help clarify the 

correlation between the East Kalimantan forest fires and DHF clustering, and perhaps discover 

an element of causation as well.  

 

This analysis also suggested a cluster emerging in Sulawesi in the time interval 2016-2018. 

Graphing the incidence rates over time for the provinces in Sulawesi suggest that they all 

experienced a spike in 2016. Most research on Sulawesi to date focuses on the spread of DHF in 

the provinces of South and Southeast Sulawesi. Ashara, et. al. (2019) found a significant 

relationship between air temperature and duration of solar radiation on the number of cases of 

dengue hemorrhagic fever in South Sulawesi. The similar overall latitude and longitude of the 

other provinces and their identical ecological isolation on the island of Sulawesi likely caused the 

other provinces to respond similarly to temperature increases and global climate change. 

 

Overall, this research could be improved in a variety of ways. Future cluster analyses conducted 

on DHF incidence in Indonesia could take into account Indonesia’s archipelago structure and 

find a way to mathematically take into account the wide dispersion of islands and the water 

separating them. Perhaps new clusters would emerge when travel between the islands is taken 

into account. Furthermore, to properly see the impact of climate change on the prevalence of 

DHF, an autoregressive analysis comparing DHF incidence rates to temperature and precipitation 

data throughout Indonesia could yield intriguing results.  

 

 



 

Vohra | STIA Thesis Honors Manuscript 38 

Conclusion 

Ultimately, anthropogenic processes cannot be ignored in the analysis of infectious disease 

prevalence. Ecological disruption could be key to understanding the past, present, and future of 

dengue hemorrhagic fever. The analysis undertaken in this thesis suggests that in Indonesia, 

increased urbanization can facilitate the spread and high prevalence of DHF, while changing land 

use, deforestation, and widespread environmental destruction can cause DHF to cluster in 

Indonesia. This thesis suggests an association between recent East Kalimantan forest fires and 

the clustering of DHF on the island of Kalimantan and the neighboring island of Sulawesi. By no 

means does this relationship stand as the sole explanation for the spread of DHF across 

Indonesia. Nevertheless, as Earth experiences a Third Epidemiological Transition fueled by 

anthropogenic climate disruption, it would be wise to limit environmental abuse and destructive 

land use policies in tropical regions where dengue fever transmission flourishes. Doing so could 

help prevent a future where emerging infectious diseases continue to spread and evolve beyond 

the point of humanity’s ability to control them. 
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