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ABSTRACT 

 
 Infectious organisms, such as dengue and West Nile viruses, are understood to be 

part of complex ecologies. The same is true for their common vectors, Aedes and Culex 

mosquitoes. Standing water, whether from human or naturally fed sources, provides the 

necessary breeding habitat for immature stages.  Climatic variables such as temperature 

and rainfall can both directly impact the amount of water available for breeding. 

Temperature can alter this amount via evaporation, while precipitation can maintain or 

refill breeding sites. The effects of temperature also partially govern the lifecycle and 

development of these vectors and viruses. Human action and management can further 

mitigate these sites by eliminating them through dumping standing water or adding 

insecticide, or conversely promoting them. These factors can impact the spatial 

distribution of these organisms at multiple scales, such as global patterns of disease, as 

well as patterns of risk within urban areas. This dissertation examines the ecology of two 

mosquito-borne diseases, dengue fever and West Nile fever, at multiple scales and asks, 

1. How do environmental changes shift distributions of mosquito-borne diseases? and 2. 

How do local actors and residents understand, respond to, and manage these emerging 

infections? 

 Dengue fever is one of the most important and fastest spreading global vector-

borne diseases. At a large spatio-temporal scale, potential and future dengue transmission 

is assessed under current and future (2045-65) climate change scenarios across the 

southern US.  Understanding the differential impacts of climate on the Ae. aegypti 

mosquito and dengue virus is essential for projecting the shifting geographies of dengue 

fever. This includes considering both temperature and precipitation impacts. The results 
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suggest that winter temperatures may be limiting dengue transmission in the southern US 

currently, but this may change under climate change. This is particularly true for the Gulf 

Coast region, which becomes more climatically suitable for dengue transmission under 

future analysis.  

 To understand the variance of disease risk within urban spaces, the same dynamic 

mosquito model was coupled with remotely sensed imagery and parameterized for Culex 

quinquefasciatus mosquitoes to visualize mosquito risks across the city of Tucson. 

Despite an arid climate, West Nile virus is an ongoing public health concern in Arizona. 

The maps, visualized at multiple scales, were used to assess individual perceptions of 

mosquito abundance and control responsibility held by residents and health officials. The 

results show disparate interpretations of mosquito risk among these groups, with differing 

calls for responsibility and action. This further shows the ways in which maps of 

environmental and health hazards are not only reflective of certain landscapes, but also 

productive. From a public health perspective, this paper is useful for understanding 

shifting perceptions of disease landscapes and how they match with ecological realities.  

 While maps and modeling techniques are useful for assessing risk over various 

scales, the spaces of interaction between disease vectors and humans is particularly local. 

These interactions, and the creation or eradication of breeding habitats, are always a 

simultaneous relationship between environmental factors and human action. This is 

particularly true for the dengue fever vector, Ae. aegypti, which lives in close proximity 

to humans. Grounded by fieldwork conducted in Key West, FL, the site of two years of 

dengue fever outbreaks in 2009 and 2010, the final component of this dissertation 

examines how residents in Key West understand mosquito control responsibility, and 
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what complicates the effective control of the vector on the island. While it was found that 

residents are highly active in monitoring and controlling mosquitoes in and around their 

yards, important socio-ecological factors are identified that stand to complicate control 

efforts.  The decisions people make about their risks and around their homes as they 

manage the ecological spaces of the mosquito are crucial for effective public health 

practice.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

10 

CHAPTER 1: INTRODUCTION 

 
Background 
 
 Dengue fever and West Nile virus are two of the most important mosquito-borne 

diseases recently transmitted in the United States. Since the first case of West Nile virus 

was recorded in the US in 1999, a total of 39,557 cases and 1,668 deaths have been 

reported to the CDC (CDCa, n.d.). The CDC (2013) further estimates that 70-80% of 

those infected with the virus never show symptoms, meaning the actual number of 

infections is significantly higher than those reported.  Most of those who are symptomatic 

display flu-like symptoms; however, a small subset (fewer than 1%) develops severe 

illness that can include coma, tremors, seizures, and death (CDC 2013). A number of 

mosquito species have been reported in the transmission of West Nile virus in the US; 

however, Culex species are the prominent vectors (CDCb, n.d.).  

 While West Nile virus provides an example of a newly emergent disease in the 

US, dengue fever is re-emerging in the region after decades of absence. It is believed that 

dengue had a regular presence throughout the southern United States dating back to the 

1700’s, with a lack of transmission occurring from the mid to late 1900’s (Bouri et al. 

2012). Dengue fever, caused by one of the four DEN-virus, is spread by Aedes aegypti 

and Ae. albopictus mosquitoes. Several hundred cases have been confirmed in localized 

outbreaks in Hawaii, Texas, and Florida since 2000 (Bouri et al. 2012). Many of those 

infected show no symptoms, and in those who do symptoms are often mild and flu-like. 

In more serious cases, high fever, rash, joint, and eye pain are common. Dengue infection 

provides future immunity to the specific strain an individual was exposed to, but those 
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previously infected remain at risk for contracting the other strains, and with an increased 

chance of severe manifestations. 

 In light of such transmission, local agencies tasked with controlling infectious 

diseases have had to adapt, as pest mosquitoes have become disease vectors (Robbins et 

al. 2008). Such institutional responses can partially shape disease burden over space and 

time (Tedesco et al. 2010). Understanding the spread of infectious diseases, particularly 

those that are vector-borne, includes detailed considerations of both underlying 

environmental and social factors. However, such ecologies are complex, and bound up in 

a myriad of social, environmental, and political processes that can blur our visions of an 

infectious pathogen (Scott et al. 2012; Del Casino et al. 2014). This dissertation addresses 

the socio-environmental factors of dengue fever and WNV in the southern United States, 

giving consideration to the spatial complexities of disease emergence and management.  

 

Situating the Dissertation: Health & Medical Geography 

 The discipline of medical and health geography is particularly well suited to 

understand the spatial aspects of diseases and is the governing sub-discipline used in this 

dissertation. At its broadest sense, health and medical geography can be understood as the 

study of the spatial and temporal patterns, and the underlying processes, that shape and 

impact health and disease. While focused on the topics of health, disease, and illness, the 

sub-discipline itself is quite broad and has been taken up such concerns from the 

patterning of disease (Gould 1993), interpretations of the landscape on healing (Gesler 

1992), impacts of social and economic inequality on health (Hunter 2007), to 

representations of disease and stigma (Craddock 1995;1999). Such broad modes of 
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inquiry make medical / health geography a rich tradition from which to study the social 

and environmental aspects of disease.  

 Within medical/health geography, two traditions are particularly important for this 

dissertation: (1) disease ecology and (2) the political ecology of health. While both 

traditions allow space for the focus on the environmental and social aspects of disease, it 

has been debated whether the two are synonymous or distinct approaches (Mayer 1996; 

2000; King 2010). Disease ecology, it has been suggested, remains rooted in positivistic 

traditions of medical geography, while the political ecology of health has been more 

engaged with developments in human geography (King 2010). Regardless, Geographers 

have fruitfully engaged with questions of disease within both (and overlapping) 

frameworks; examples of which are addressed below. Conceptually, the sum of this 

dissertation seeks to engage both approaches synergistically, while in practice the 

individual papers presented tend to be grounded more strongly in a particular orientation.  

 Paper 1 is rooted in a more scientific approach to disease ecology by explicitly 

considering a subset of environmental factors that influence disease. This paper draws 

heavily on the connections between climate, ecology, mosquitoes, and the virus, within 

the context of global change. It is understood that climate change may impact the 

prevalence of numerous infectious diseases (Martens et al. 1997; Rogers & Randolph 

2000; Hales et al. 2002; Berrang-Ford et al. 2009). This work considers how climate 

impacts disease habitats and development cycles. Many questions about the future change 

of infectious diseases under climate change remain, including biophysical mechanisms 

(Morin et al. 2013), and understanding habitat variation and change at larger (Dobson 

2009), and finer scales to contribute to public health planning efforts (Cooney 2011).  
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 Papers 2 & 3 draw more directly on the tradition of Political Ecology and the 

Political Ecologies of Health. In doing so, they are directly interested not only the habitat 

of the mosquito, but how disease habitats are represented, understood, and managed. 

Such an approach has been critical for re-framing how numerous disease concerns within 

society are understood, such as lead poisoning (Hanchette 2008), landmines and political 

violence (Oppong & Kalipeni 2005; Kalipeni & Oppong 1998), government-led HIV 

programs (Biehl 2011), arsenic poisoning (Sultana 2007), dengue fever (Whiteford & 

Hill 2005), and even the obesity epidemic (Guthman 2012). The final papers of this 

dissertation contribute to the directions King (2010) outlines for a political geography of 

health, by comparing resident perceptions of disease with those of local officials, and 

considering the factors that impact health-decision making around the home.  

 

Description of the problem 

 In 1970, the Surgeon General of the United States declared it was “time to close 

the book on infectious diseases, declare the war against pestilence won, and shift national 

resources to such chronic problems as cancer and heart disease” (WHO 2015).  Over four 

decades later, it is now understood that this is not the case. In 2015 alone, Ebola and 

measles outbreaks have gripped the headlines of the news. Pandemic concerns such as 

SARS and bird flu have caused panic. Despite significant developments in vector-control, 

mosquito-borne diseases still remain throughout much of the US. West Nile virus and 

dengue fever represent two of the most prominent and important mosquito-borne diseases 

in the US. Both exist at the nexus of social and ecological systems, with important 

questions remaining surrounding their spread and management. This dissertation 
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investigates key concerns surrounding climate, ecology, and vector management of WNV 

and DF through three individual papers.  

 

Explanation of Dissertation Format 

 This dissertation is composed of three papers that examine particular social and/or 

environmental aspects of mosquito-borne disease ecology in the southern US. The first 

paper, Assessing Climate and Dengue Transmission Potential in the Southern US Using a 

Dynamic Modeling Approach examines the impact of current and future climate 

projections on dengue fever transmission in 32 locations across the southern US using 

coupled dynamic mosquito simulation and SEIR models. The models are driven by 

downscaled climate data to simulate temperature and precipitation impacts on total Ae. 

aegypti mosquito populations and infectious Ae. aegypti mosquitoes based on dengue 

virus replication. The results show a general increasing suitability for dengue fever 

transmission in several sites in the southern United States, as well as highlight important 

differences in how climate impacts the Ae. aegypti  mosquito versus the dengue virus. 

The results of this paper are intended to be general projections, and not predictions of 

dengue emergence. Important local ecological factors influence the distribution of vector 

ecology and risk within a city, as do social factors, which mediate control and risk. These 

general questions are taken up in papers 2 and 3 of this dissertation. This paper will be 

submitted to Environmental Health Perspectives.  

 The second paper, Visualizations of Mosquito Risk: A Political Ecology Approach 

to Understanding the Territorialization of Hazard Control, uses the same general 

mosquito model as paper 1, but with several different foci. The model simulates Culex 
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quinquefacisatus mosquitoes rather than Ae. aegypti. Culex mosquitoes are responsible 

for transmitting WNV, particularly in Tucson, Arizona, which is the focus of the paper. 

This paper links fine scale mapping of mosquito-risk and habitat variability within an 

urban area to perceptions of responsibility for mosquito control. The results demonstrate 

spatialized understandings of responsibility, which change dependent upon the maps of 

mosquito ecology risk shown. This makes the conjoined use of mosquito visualization 

mapping a useful tool for interrogating perceptions of habitat and disease hazards and 

shows that perceptions of mosquito ecology are not necessarily stable. This paper is in 

press with the journal Landscape and Urban Planning.  

 The third paper, Beyond Screens and Containers: Mosquito Control in Urban 

Backyards in Key West, Florida, is a grounded case study of the recent dengue fever 

outbreak in Key West, Florida. This paper seeks to expand beyond behavioral-based 

understandings of personal mosquito control employed in public health programs, by 

investigating what makes individuals educated about mosquito control and risk unable or 

unwilling to take action in their yards. The results show that a lack of effective mosquito 

control does not necessarily result from a lack of resident action, and further builds upon 

the territorialized understandings examined in paper 2. It also serves as a grounded 

dengue fever case study that shows how important social and environmental factors 

converge in mosquito-borne disease outbreaks. This paper will be submitted to the 

journal Health & Place or Social Science & Medicine.  

 While each of these papers tackle different questions related to infectious diseases 

in the southern US, using multiple methodological approaches, their sum sheds important 

light on mosquito-borne disease ecology and public health. While paper 1 offers future 
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projections of how dengue risk may shift under climate change, papers 2 and 3 take a 

more grounded focus on what that risk looks like within a location. Paper 2 shows how 

spatialized mosquito risk can be within a single city, and how resulting variations in how 

this risk is represented has important impacts for how individuals think and act about 

their own responsibility. Paper 3 looks at what limits the effectiveness of public health 

programs in a space of emerging infections. When taken as a whole, this dissertation 

offers insight into key environmental, social, and political processes that shape and 

influence the spread and management of two important diseases in the southern US.  

 I performed the majority of the research design, data collection, analysis and 

writing for papers 1 & 3 and am therefore the first author on both of those papers. I 

shared the lead responsibility for the research activities for paper 2, and am therefore a 

co-lead author on that paper. The formatting guidelines of the Annals of the Association 

of American Geographers, flagship journal of the major disciplinary society for U.S. 

Geography, were followed for the preparation of this document. The exceptions to this 

are in Appendix 2, which has been accepted for publication and therefore follows the 

journal guidelines. 
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CHAPTER 2: DISSERTATION CONCLUSIONS 
 
 Dengue fever and West Nile virus are two important mosquito-borne diseases in 

the United States. This is particularly true for the southern United States where longer 

summers can increase potential human contact with the viruses. Because exposure to 

mosquitoes and viruses are mediated by a host of social and environmental factors, 

Geography as a discipline is well suited to study such concerns, particularly as they relate 

to risks, perceptions, and emergence over space.   

 Grounded within the sub-discipline of Health & Medical Geography, this 

dissertation has engaged with themes of disease ecology and political ecologies of health. 

By using a Dynamic Mosquito Simulation Model, habitats of Ae. aegypti and Culex 

quinquefasciatus mosquitoes were mapped at multiple scales, contributing to 

understandings of biophysical and environmental aspects of disease vector ecology. 

These scales of mosquito abundance were then used to understand how disease risk 

representations impact perceptions of responsibility, and how these perceptions vary 

across actors. By further conducting semi-structured yard interviews with residents, more 

detailed socio-environmental conditions influencing disease habitat at the scale of the 

home became apparent. Such concerns are in line with the direction King (2010) suggests 

political ecologies of health should take.  The more specific ways in which this research 

contributes to the field are outlined below.  

 Appendix A (Paper 1), Assessing Climate Change And Dengue Transmission 

Potential in the Southern United States Using a Dynamic Modeling Approach, 

demonstrates that climate change will have generally increase transmission potential in 

many sites in the southeastern United States. While most locations will likely see an 
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expansion in Ae. aegypti vector populations, not all will see an increase in dengue 

transmission due to different governing temperature parameters. Such dynamic 

relationships must also be considered for the virus as well. As compared to San Juan, 

Puerto Rico, which has endemic dengue fever, sites along the Gulf Coast are able to have 

equivalent to greater dengue cases during limited parts of the year. However, the lower 

winter temperatures in the US may be contributing to the lack of dengue establishment. 

This makes rising minimum temperatures under climate change a particularly important 

concern. Future research should explore site-specific vulnerability within urban locations. 

This includes both environmental variability that may govern local disease risk, but also 

local management programs and public health capacities, which may mitigate some 

disease risk.  

 Appendix B (Paper 2), Visualizations of Mosquito Risk: A Political Ecology 

Approach to Understanding the Territorialization of Hazard Control, adds to existing 

literature on the important work that maps do by showing how different scaled 

representations of the same data can lead to disparate conclusions of mosquito risk and 

responsibility. In the case of Tucson, Arizona, different scaled representations of 

mosquito-risk invited different responses of responsibility and explanation. The changing 

territorial notions of vector management and responsibility held by different actors tasked 

with eliminating breeding sites is important for the practice of public health and vector 

management. From a methodological perspective, this piece serves to demonstrate the 

ways in which biophysical and environmental mapping can be united with concerns of 

political ecology to examine the territorialized understandings individuals hold about the 

landscape. It also further challenges the producers of disease maps, such as those 
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produced in paper 1, to be cognizant of the ways in which such representations can 

influence understandings of risk (Kwan 2002). Moving forward, utilizing mapping 

techniques to visualize disease ecologies in concert with interrogations of perceptions can 

produce new and detailed understandings into the socio-ecological aspects of infectious 

disease emergence.  

 Appendix C (Paper 3), Beyond Screens and Containers: Mosquito Control in 

Urban Backyards in Key West, Florida, shows limitations to mosquito-control efforts in 

Key West, Florida, despite highly strategized and able local agencies and educated 

citizens. By drawing on semi-structured yard interviews, important factors were 

identified that limited otherwise well-educated residents’ capacities to control mosquitoes 

around their yard spaces. This included active yard and home maintenance decisions, as 

well as a general acceptance of mosquitoes. Further, the on-going presence of Ae. aegypti 

on the island has resulted in residents actively managing not only their spaces but also 

their neighbors’ spaces. Therefore, the lack of effective mosquito control does not 

necessarily equate to a lack of citizen action, but perhaps different ideals about what the 

goal of mosquito control programs should be. In the case of Key West, mosquitoes were 

understood to be something that may be not eliminable. Further research should seek to 

understand the different ideals held about eradication and elimination versus 

management, and how they vary among parties. Finally, this research shows that 

mosquito control and perceptions can be highly local and specific, and therefore 

investigating future disease emergence requires understanding not only the social 

characteristics of a place, but how relationships between multiple actors are formed and 

maintained.    
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 As Brisbois & Ali (2010) demonstrate, discussions about the emergence of 

infectious diseases under climate change remain fraught along disciplinary lines, which 

elevate either social or ecological considerations. Similar dualities have been seen within 

health & medical geography as well, despite the holistic orientation of the discipline 

(Dorn et al. 2009). In the book Global Warming and the Political Ecology of Health, 

Baer & Singer (2009, 132) discuss the implications of global change on both West Nile 

virus and dengue fever, highlighting the importance of considering “the broad ecological 

factors in the spread of vector-borne” diseases. At the same time, they remind us to be 

open to new interactions between environments and disease. This includes the 

interactions of multiple co-morbidities, organisms, and mutations, underlain by changing 

social and environmental conditions. Evidence from medical sciences and case reports 

highlights possible connections between dengue (Jardim et al. 2012; Rajadhyaska & 

Mehra 2012) and West Nile virus (Arturo Leis & Stokic 2005) infection as triggering 

exposures for auto-immune diseases. Moving forward, there are a number of sites and 

scales that can be interrogated for questions about the emergence of disease: global, 

regional, the yard, the body, the mosquito, and even the molecular. Set within a human-

environment framework, this dissertation represents but one of many ways to understand 

social and ecological aspects of infectious disease emergence.  
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Abstract 

Dengue fever is one of the fastest-spreading mosquito-borne diseases. Climate variables 
such as temperature and precipitation can impact disease distribution and abundance 
through biophysical impacts on the vector and virus. Such tightly coupled links may be a 
factor in the further spread of dengue fever under climate change. One important region 
in this regard is the southern United States, where the disease vector is widely established 
and exists on the current fringe of dengue transmission. This paper uses a dynamic 
mosquito simulation model driven by climate change ensembles for 32 locations in the 
southern US to understand how different climate projections may influence dengue 
transmission. The results are compared to San Juan, Puerto Rico where the model was 
validated, and show that several locations are capable of transmission at levels similar to 
San Juan during the summer months under current climate. This trend increases under 
future climate change scenarios. However, the US locations cannot sustain year-round 
dengue transmission as San Juan does, showing the important role that lower winter 
temperatures play in diminishing transmission potential in the US and preventing the 
virus from becoming established. Finally, this paper demonstrates the need to consider 
the differential impacts of climate change on both the dengue virus and the mosquito 
vector. 
 

Introduction 

 Dengue fever, spread by Aedes genus mosquitoes, is one of the fastest spreading 

vector-borne diseases. In recent decades, transmission has predominantly occurred in 

tropical regions. However, the past decade has seen an increase of cases in dengue 

endemic areas, as well as a geographic expansion of the disease’s recent range 

(Brathwaite Dick et al. 2012). Reasons for the disease’s rapid expansion are partly tied to  

important social factors such as the movement of suitable vectors through trade (Tatem et 

al. 2006), the virus through international travel (Wilder-Smith & Gubler 2008), and 

complicated by multiple circulating serotypes (Halsted 1992), as well as environmental 

conditions. One important environmental factor related to dengue fever is climate, as 

evidenced through lab and field-based studies. It is well understood that climate variables 

have an important role in mosquito and dengue viral development and transmission. 

However, linking these variables to actual case outbreaks remains challenging.  
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 Equally challenging is understanding how outbreaks and the geography of dengue 

may change under climate change. This is a particular concern for regions on the fringes 

of current transmission, such as the southern United States. While the United States has a 

history of dengue epidemics until the 1950’s quelled largely through changes in 

infrastructure and control practices (Gubler & Clark 1995), it remains possible that a 

more favorable climate may render current strategies less useful. Recent outbreaks of 

dengue have occurred in the southern US after an absence of nearly 70 years, 

demonstrating that the question of climate change and dengue is pertinent to the region. 

However, applying climate change scenarios to future mosquito populations remains 

challenging due to a lack of baseline observed mosquito population data needed for 

statistical models. Dynamic models have been used to address such a concern given their 

ability to simulate mosquito populations based on the input of local climatic and 

environmental data (Focks et al. 1993; Morin & Comrie 2010). This is an important 

advance in understanding the links between climate and disease because current and 

future climate scenarios can be used to generate local mosquito populations for 

comparison. Therefore, this paper uses a Dynamic Mosquito Simulation Model 

(DyMSiM) (Morin & Comrie 2010) to simulate possible future geographies of dengue in 

the southern US under projected future climate.  

 

Background 

 The impacts of climate and climate change on infectious disease dynamics, 

distribution, and spread have been the subject of intense discussion (Lafferty 2009; 

Ostfeld 2009; Pascual & Bouma 2009; Randolph 2009; Chaves & Koenraadt 2010; 
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Brisbois & Ali 2010). Temperature is understood to govern infectious organisms in 

important ways such that even small increases can increase season lengths and shift 

diseases from epidemic to endemic states (Harvell et al. 2002). Dengue fever, a virus 

spread predominantly by Aedes aegypti mosquitoes, is emblematic of a disease whose 

rapid expansion may be partly fueled by changing climatic conditions. Collectively, the 

four dengue serotypes (DEN-1, 2, 3, 4) cause an estimated 96 million symptomatic cases 

of dengue fever annually (Bhatt et al. 2013), making it one of the most prevalent vector-

borne diseases. Therefore, understanding links between local and global climate and 

weather patterns, and disease outbreaks, has become an important topic of inquiry. 

 Temperature, precipitation, and humidity are important mechanisms of the 

climate system that impact the biophysical functioning of the Ae. aegypti mosquito and 

available breeding habitat (e.g. Christophers 1960; Moore et al 1978). Temperature can 

further influence dengue virus transmission dynamics by shortening the extrinsic 

incubation period (Watts et al. 1987) and increasing transmissibility to humans (Jetten & 

Focks 1997). Temperature has also been shown to impact vector competence and lifespan 

in the secondary vector of dengue, Ae. albopictus (Alto & Bettinardi 2013).   

 These biophysical understandings have allowed researchers to link variations in 

climate and weather to actual (Gagnon et al. 2001; Cazelles et al. 2005; Johansson et al. 

2009) and theoretical (Hopp & Foley 2003) mosquito population abundance levels and 

dengue fever cases.  The close relationship between dengue and climate has led to 

concerns regarding the emergence of the virus into areas at the edge of current 

transmission limits under climate change (Patz et al. 1998; IPCC 2007a). More recent 

empirical work has shown that Ae. aegypti is being found at elevations higher than 



 

 

 

28 

previously established, heightening this concern (Lozano-Fuentes et al. 2012).   

 Empiric and dynamic modeling approaches have been useful for exploring these 

connections over geographic space, due to a lack of long-term mosquito population 

records (Morin & Comrie 2010) and limited sharing of dengue data more generally 

(Duncombe et al. 2012). Several model-based studies have specifically focused on 

relationships between climate and dengue (Focks et al. 1993; Jetten & Focks 1997; 

Martens et al. 1997; Patz et al. 1998; Hopp & Foley 2001; Hales et al. 2002; Bannister-

Tyrell et al. 2012). For example, Bannister-Tyrell et al. (2012) demonstrate the utility of a 

dynamic modeling approach by showing good agreement with modeled dengue data and 

monthly case counts from Queensland, Australia. The use of models to project future 

dengue emergence have also been utilized. Martens et al. (1997) predict a 31-47% 

increase in dengue epidemiologic potential in the sub-tropics under future climate change 

scenarios, with others demonstrating the possibility of the disease spreading into more 

temperate areas (Patz et al. 1998; Hopp & Foley 2003). While the models differ in their 

approaches, assumptions, and selected future climate scenarios, they all generally show 

an increase in the distribution of suitable climate for the dengue vector and for 

transmission, generating concern among many in the public health community.    

 Despite the tightly coupled links between dengue and climate, projecting future 

geographical expansions has been complicated and controversial (Brisbois & Ali 2010), 

given the important mediating role social and economic factors also play in disease 

transmission. Transmission of dengue in Mexico but not US towns along the international 

border has been attributed to differences in socio-environmental factors given the same 

regional climate (Reiter et al. 2003). In an attempt to account for such variables, Astrom 
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et al. (2013) use an empirical dengue model driven by climate change and development 

scenarios to demonstrate that increasing economic development in some locations may 

mitigate dengue emergence, despite more favorable future climatic conditions. However, 

large-scale projections such as these remain limited given that mosquito control measures 

operate at finer scales, and can vary within the US, including at county, and sub-county 

levels (Shaw et al. 2010; Tedesco et al. 2010) in addition to different viral and vector 

environments.    

 The aforementioned studies highlight key non-climatic factors impacting dengue 

transmission. However, a number of important concerns within climate-disease 

relationships remain less understood, given the complexity of disease ecologies (Alitzer 

et al. 2013). For example, precipitation is an important driver of malaria transmission in 

West Africa, but future transmission may be mediated by local immunity (Yamana & 

Eltahir 2013). Daily temperature variations can impact disease transmission at scales 

finer than can be accounted for by current approaches (Paaijmans et al. 2010). Notably, 

relationships between temperature and pathogens (Morin et al. 2013) and precipitation 

and vectors (Altizer et al. 2013) remain relatively underexplored. Given the complex 

number of factors that play into ecologies of dengue fever, it is likely that some places 

will see increases of disease, while others will see decreases. As a result, sub-global 

studies are important to sort out these specificities, and use modeling capabilities in ways 

useful to public health practice (Duncombe et al. 2012; Altizer et al. 2013).   

 This project addresses these concerns in the southern United States by considering 

temperature and precipitation changes on Ae. aegypti populations, as well as temperature 

impacts on the dengue virus. This is a particularly important region of study because it 
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exists along the border of transmission in the Americas, as dengue is routinely epidemic 

and endemic through parts of Central and South America. At the same time, however, 

dengue outbreaks have also occurred within the United States in the past decade, in the 

states of Florida, Texas, and Hawaii (Adalja et al. 2012). While social and public health 

infrastructures are often invoked as the reasons for the relative lack of dengue in the 

United States (Reiter 2001), it is also important to consider that the region is on the 

periphery of current transmission and may be more at risk under changing climate. This 

paper addresses these concerns by using downscaled global climate change ensembles to 

drive a dynamic mosquito simulation model coupled with an epidemiological SEIR 

(susceptible exposed infectious recovered) model. This model was parameterized for San 

Juan, Puerto Rico, a nearby location with significant dengue burden, and the available 

data necessary for validation. The San Juan parameterizations were then used to simulate 

total and infectious mosquito populations for 32 sites across the southern United States. 

Comparing the output for each US site to San Juan allows all other variables to be held 

constant, effectively isolating the climatic component. By further assessing changes to 

these populations under current and future climate change projections, this paper 

demonstrates how climatic impacts dengue risk and transmission in the southern US.  

Therefore, this paper asks: 

1. What sites in the southern US can currently support dengue fever transmission, 
and how might this shift under future climate projections? 

 
2. How does climate differentially impact the dengue virus and the mosquito vector 

in the southern US? 
 
Methods & Analysis 

Collection and Generation of Climate Data and GCM scenarios 
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 A total of 20 years of observed daily temperature and precipitation data were 

downloaded for each site from the National Climatic Data Center for the time period 

1981-2000.  These historical data were used to train LARS-WG5, a statistical weather 

generator developed by M. A. Semenov (http://www.rothamsted.bbsrc.ac.uk/mas-

models/larswg.php). LARS uses the data to create a statistically similar synthetic data set 

to the observed data, enabling translation between monthly and daily time scales. 

Following the procedures for site analyses in LARS laid forth by Semenov & Barrow 

(2002), these two data sets were then evaluated by Kolmogorov-Smirnov and chi-squared 

statistics to assess the software’s ability to reproduce realistic data by ensuring there were 

minimal significant differences in statistical properties between the two sets.  

 Once sufficiently trained, LARS was used to downscale monthly GCM data to the 

daily scale for each location. An ensemble average was created for each site by averaging 

offsets of 15 GCMs (table 1) for the time period 2045-2065 for the SRA1B scenario 

(IPCC 2007b). Ensemble averages were used to account for models that over-or-under-

predict specific variables (Semenov & Stratonovitch 2010). SRA1B was selected because 

it was available for all models, it is one of the more on-track scenarios, and SRA2 and 

SRA1B are similar for the time period for evaluation. The period of 2046-65 was chosen 

because the nearest scenario overlaps with current time, making it difficult to provide a 

baseline for future change. Conversely, long-term scenarios (2080’s) are likely too far in 

the distance to be of practical use for local agencies. Further, human action and decisions 

taken over the coming half century may significantly alter that climate. The 

corresponding site-specific scenario was then run for each location for the time period of 

2045-2065. LARS was then used to generate 21 years of daily future data (for the period 
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2046-2056) and 21 years of daily baseline data (used in place of the observed data to 

standardize inaccuracies produced by LARS in its generation).  

 

GCM Name Description 
BCM2 Bergen Climate Model (BCM) Version 2 
CGMR Canadian Centre for Climate Modeling and Analysis, CGCM22.1(T47) 
CNCM3 Centre National de Recherches Meteorologiques 
CSMK3 CSIRO Mark 3.0 
FGOALS LASG, Institute of Atmo. Physics, Chinese Academy of Sciences 
GFCM21 Geophysical Fluid Dynamics Lab, NOAA 
GIAOM NASA Goddard Institute AOM 
HADCM3 Hadley Centre for Climate Prediction and Research 
HADGEM Hadley Centre Global Environmental Model 
INCM3 Institute of Numerical Mathematics (Russian Academy of Science) 
IPCM4 Institut Pierre Simon Laplace (ISPL) 
MIHR National Institute for Environmental Studies, Japan, MRI-CGCM2.3.2 
MPEH5 Max-Planck Institute 
NCCCSM NCAR Community Climate System Model 
NCPCM NCAR/NSF/DOE/NASA/NOAA Parallel Climate Model 

Table 1. This table shows the 15 GCM used to create a single ensemble scenario for each site.  

 

Dynamic Mosquito Simulation Process 

 The Dynamic Mosquito Simulation Model (DyMSiM) was used to integrate the 

climate data with the biophysical processes of the mosquito and dengue virus. DyMSiM 

generates a daily time-series of mosquito abundance, driven by climate and 

environmental data. The model was first parameterized to simulate Culex 

quinequefasciatus populations (Morin & Comrie 2010), and has now been adjusted to 

simulate Ae. aegypti development through multiple life-stages with an additional 

calculation of temperature-dependent reproduction and dissemination of the dengue virus 

inside the mosquito. The model has also been coupled with an epidemiological SEIR 

model that simulates virus transmission between the mosquito and human population. 

This version required validation against observed dengue case data, which was available 
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from San Juan, Puerto Rico. The details of this validation can be found elsewhere (Morin 

2012).  

 San Juan was used for the validation because it has a long-term record of dengue 

cases available for use, which is unavailable in the US due to a lack of transmission.  As 

the San Juan study demonstrates (Morin 2012), we know that San Juan climate supports 

dengue transmission, and that the model is able to effectively capture inter and intra 

annual variability. For the purposes of this paper there are several important 

considerations to note. The parameter values used in the San Juan validation were applied 

to all sites in this analysis. While container habitat differs across space, this allowed us to 

use validated inputs, which is preferable to theoretical selections. Recognizing this, we 

chose to standardize the model output against San Juan data, allowing us to keep the 

model parameters and standardization procedures the same while isolating the effects of 

climate. 

  The daily climate data sets (described above) were then input into DyMSiM to 

generate current and future mosquito populations. DyMSiM also requires the 

parameterization of additional environmental variables and the site latitude to determine 

the duration of sunlight hours (which influences the evaporation of standing water). 

While models rely on specified inputs, in reality, these environmental parameters and 

climate variables vary over time and space. In order to account for variability and 

uncertainty in parameter values and climate conditions, simulations were performed 

using 96 different model parameterizations over a 20-year time period for each site. 

Parameter values were chosen from best-fit simulations for San Juan, PR for the period 

2010-2013 (Morin et al. in prep, table 2).  
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 The mosquito model was then set to generate 21 years of daily total mosquito 

populations, infectious mosquito populations, and dengue case data for each site driven 

by baseline climate. This process was then repeated with the future climate scenarios. 

The first year was discarded to allow for model run-up time. The outputs of these model 

runs were compared to output from San Juan for each site, with analysis results indicative 

of one of two possibilities for each location. The first is that transmission in the US site 

occurs at the same level as San Juan, indicating that the climate is suitable for 

transmission, but current socio-economic factors, lack of importation, or another 

unaccounted for factor is limiting transmission. The second is that dengue transmission in 

the US site is significantly reduced compared to San Juan or absent entirely, suggesting 

that the climate of the US location is not suitable for epidemic dengue.  By then repeating 

these same steps for the future climate scenarios, we can see how this may change 

transmission potential for each location. While not allowing for a true site-specific 

analysis, it specifically enables the isolation of the climatic component of dengue 

transmission by holding other variables constant. 

Parameter Name Value Range # of Values 

Habitat Area 1x107 – 1x108 cm2 12 

Container Height 8 – 12 cm 2 

Minimum Human Infection Rate 4x10-5 – 8x10-5 3 

Maximum Larval Density 0.5 – 1 per cm3 2 

Adult Survival Rate 0.86 – 0.88 2 

Length of Human Infectious Period 5 – 7 days 2 

Maximum Mammal Transmission Probability 0.5 – 1 2 

Table 2. Parameter names, value ranges, and total number of values used to create the 96 different model 
parameterizations run for each site.  
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Analysis and Map Visualization Process 

 Maps were created from the model output to visualize variance across space and 

time. For visualization purposes, the daily model outputs (mosquito population, infected 

mosquito population, and dengue cases) were aggregated to seasonal values by dividing 

the year into four 13-week periods (approximately JFM, AMJ, JAS, OND). For each US 

location and parameterization, data values were averaged across the 20-year runs and 

then compared with the corresponding data for San Juan, PR. The comparison metric (% 

of value in San Juan) was then averaged across simulations and mapped. This 

methodology was performed using simulations driven by meteorological data generated 

from present day climate (Figures 1&3) and projected future climate (Figures 2&4).   

 The simulations were first averaged across years to eliminate undefined and 

excessive values during the comparison process. This occurred during the rare instances 

when no dengue transmission occurred during a week in San Juan. The model outputs 

from the US locations were compared with the San Juan data because it is the only 

location where the model was evaluated due to the lack of available dengue case data in 

the United States. Simulations were averaged last to keep comparisons between model 

runs consistent. Each 20-year simulation is a realization of dengue ecology for a 

particular set of parameters and therefore is only comparable to model runs with 

matching parameter values.  

 Because local dengue transmission has recently been demonstrated in Key West, 

FL, and Brownsville, TX, an additional analysis was conducted for these sites. Time 

series of aggregated weekly dengue cases were produced for these locations for 

comparison with San Juan, PR. Weekly dengue cases for each location were averaged 
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across the 20 year period, standardized (divided by San Juan annual dengue), and then 

averaged across simulations. This method is similar to the one performed to produce the 

maps. Here, however, the standardization process only serves to highlight the seasonality 

of transmission (i.e., the percent of the total annual dengue cases that occurred each 

week). The model output was standardized against San Juan output results for this study, 

using the following equation: 

 
  

MDen = modeled dengue, i = epi week, j = run #, x = US or San Juan location, s = San 

Juan location 

 

Results 

 The maps and graphs contained in this section show the output of the process 

described above. It is important to re-iterate that these results use San Juan transmission 

relationships to simulate dengue cases in mainland US cities using their current and 

future climates. What is mapped is therefore the metric comparing dengue simulation 

results in these US sites to San Juan; this highlights how important climate variations in 

the southern US make some locations more or less susceptible to dengue transmission, 

based upon climate-specific factors. The map values are displayed as a percentage of total 

site mosquitoes over Puerto Rico mosquitoes. Because of the mapping metric used, it is 

possible that values of 100% were actually higher than San Juan. A different mapping 

metric is included in the Appendix that shows these sites.  
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Figure 1. Baseline infectious mosquito population by quarter (Q1: JFM, Q2: AMJ, Q3: JAS, Q4: OND). 
The scale bar refers to percent of mosquitoes compared to San Juan, PR model output for the same period. 
 
 
 
 

 
 

Figure 2. Future infectious mosquito population by quarter (Q1: JFM, Q2: AMJ, Q3: JAS, Q4: OND). The 
scale bar refers to percent of mosquitoes compared to San Juan, PR model output for the same period. 
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Figure 3. Baseline total mosquito population by quarter (Q1: JFM, Q2: AMJ, Q3: JAS, Q4: OND). The 
scale bar refers to percent of mosquitoes compared to San Juan, PR model output for the same period. 

 

 

 

 

 
 

Figure 4. Future total mosquito population by quarter (Q1: JFM, Q2: AMJ, Q3: JAS, Q4: OND). The scale 
bar refers to percent of mosquitoes compared to San Juan, PR model output for the same period. 
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 The maps demonstrate several important points.  Several sites in the southeast can 

support dengue transmission under present climate based upon San Juan’s 

parameterization (Fig. 1). The season of highest transmission potential is the summer 

months (Q3: July, August, September), with the deep southeast (notably Florida) 

supporting further transmission during the spring and fall months. South Florida is also 

climatically capable of supporting as much dengue transmission as Puerto Rico during 

the summer months.  For nearly all locations, winter temperatures become too cold to 

allow virus transmission. This is evidenced by the reduced or absent values in 

comparison to San Juan’s infectious mosquito values during the winter. This is in contrast 

to mosquito populations, which are able to survive in southern Florida throughout the 

winter at population levels equal to or slightly less than in San Juan (Fig. 3). Comparing 

the total mosquito populations to the infectious mosquito populations highlights the 

different climatic constraints put on the vector versus the virus. While the northernmost 

sites support Ae. aegypti populations for significant portions of the year, the possibilities 

for local transmission remain minimal from a climatic perspective (Figs. 1 & 3).  

 The same general trends are evident for the future scenarios. The summer months 

remain the highest time for possible dengue transmission at levels similar to San Juan’s, 

however there is more transmission closer to San Juan’s current transmission during Q3 

and Q4. From a spatial perspective, the potential dengue transmission becomes evident 

further north in all locations in the southeast US during the summer months, however the 

percentages are still comparatively low in the northernmost sites. There is an increase in 

seasonality and temporality of the adult mosquito season, but the changes are less 

expansive. Further, in the future, many locations in the southeastern US are climatically 
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capable of supporting as much dengue transmission as current San Juan, PR scenarios for 

portions of the year.  

 The apparent lack of dengue and mosquito activity in the western United States is 

likely an artifact of the model which is less suited to the unique arid mosquito habitat that 

relies more heavily on presence of artificially irrigated containers1. However, the model 

does appear to perform well in the southeastern US, at least as compared to the limited 

dengue data available (Fig. 5).  

 

Figure 5. The modeled Key West dengue case seasonality compared to the observed proportion of annual 
cases (cases per week / total cases per year) in Florida from 2010-2013.  
 

 Figure (5) shows a comparison of reported Florida cases from 2010-2013 as a 

proportion of annual cases (cases per week/cases per year) compared to the modeled 

output for Key West. These data were used because they are what are publicly available 

at the weekly time scale. The general observed case seasonality shows good agreement 

                                                
1	  For a published paper we will either re-calibrate the model parameters for the Western US and re-run the 
model for those states, or the paper will focus only on the southeastern region from Key West to 
Brownsville, where outbreaks have been detected. For the purposes of the dissertation, additional 
simulations of dengue transmission in the western US from previous model runs can be seen in the 
Appendix of this paper	  
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with the model. The modeled peak does occur later than the observed peak, but this can 

be potentially accounted for by several factors. First, the climate data used for the model 

was averaged, and not specific to a particular year. This means that although we expect 

the curves to be similar, they will not be identical because the climate characteristics 

during 2010-13 may not necessarily match the modeled data. Second, while most of the 

cases reported for this period occurred in Key West, not all did. However, the temporal 

resolution needed for this result was only available at the county-level scale. Third, the 

relatively small number of cases (n=91) included here is noisy. A longer dataset, if 

available, would show a more consistent pattern. Still, it offers a form of validation that 

suggests the model simulates dengue in the southern US in ways that are consistent with 

observed cases, even as parameterized for San Juan.  

 

Site-specific results – Key West, FL and Brownsville, TX 

 We focus on two specific sites, Key West, FL and Brownsville, TX as compared 

to San Juan dengue cases to understand the seasonality differences amongst locations. 

These two sites were chosen because (1) they have both had recent dengue outbreaks, and 

(2) they have contrasting climate characteristics. Figure 6 shows dengue cases in Key 

West as a percentage of total cases in Puerto Rico, along with plotted climate data, while 

Figure 7 shows the same for Brownsville, TX. Presently, Key West is capable of more 

accelerated transmission than San Juan during specific parts of the season (weeks 30-44), 

and under future scenarios this becomes even more apparent (weeks 27-51). However, 

unlike San Juan, transmission is not maintained year-round in Key West. The climate 

data show that San Juan has a smaller annual temperature range, which stays warm 
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enough to support this year-round transmission even though transmission levels are low 

during the winter. Conversely, Key West does not, even though it gets warmer during the 

summer allowing higher transmission potential currently than San Juan during weeks 30-

44. Even under future climate conditions year-round transmission is limited, despite the 

accelerated transmission compared to current conditions in San Juan.  

 
Figure 6. The top graph shows weekly (averaged across the simulations and years) dengue (% of Puerto 
Rico annual total dengue) for San Juan and the base and future scenarios for Key West, FL. The bottom 
graph is the Min and Max temp and precipitation for Puerto Rico and the base and future scenario for Key 
West, FL.2  

                                                
2 Only current conditions for San Juan were included for this paper. Future scenarios were run, but the 
cases generated during the first few years of simulation were so high that the susceptible population levels 
were too low to accurately model the virus within the population over a long-term period. Future versions 
of the model will need to incorporate a form of population replacement to address this in areas with high 
dengue abundance.  
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 A similar pattern is evident in Brownsville, TX (Figure 7). The window for 

transmission is shorter, and again, does not maintain the year-round transmission seen in 

San Juan. There is accelerated transmission in under future scenarios Brownsville 

resulting in higher dengue than in San Juan (weeks 27-35), however the winter months do 

not maintain this. This future transmission is higher due to increased temperatures under 

the future scenarios, but even in the future, cooler winter temperatures appear to limit 

transmission.  

 
Figure 7. The top graph shows weekly (averaged across the simulations and years) dengue (% of Puerto 
Rico annual total dengue) for San Juan and the base and future scenarios for Brownsville, TX. The bottom 
graph shows the minimum and maximum temperature weekly average and precipitation for Puerto Rico 
and the base and future scenario for Brownsville, TX.  
 

 



 

 

 

44 

Discussion 

 The results demonstrate that the current climate is capable of supporting dengue 

transmission throughout much of the southeast US during limited periods of the summer 

months, at least as modeled with San Juan parameters. This is not surprising given the 

historic presence of dengue in this region through the early part of the last century. The 

model results also suggest that southern Florida has the highest likelihood of 

transmission, which fits with current epidemiologic patterns. This region has seen 

locally-acquired dengue every year since 2009. Brownsville, Texas also stands out as 

having a longer infectious mosquito season than most other locations in the southeast 

(with Florida being the exception). Again, this fits with the general trends of current 

dengue transmission, as south Texas has experienced several recent outbreaks.  The 

levels of dengue possible in southern Florida are important to note as they show that the 

region is currently capable of having as much dengue during parts of the summer as San 

Juan. That yearly large outbreaks aren’t seen annually is likely due to both social and 

environmental factors. From a social perspective, differences in housing infrastructure 

likely mediate some of the risk of transmission, along with public health infrastructures. 

However, the climate in south Florida is generally too cold to maintain dengue 

transmission throughout the winter months, meaning the virus must be re-introduced 

every year and re-build in the population for an outbreak to occur. This is in contrast to 

Puerto Rico where transmission is sustained year-round, albeit at significantly lower 

levels during the winter months.  

 Dengue transmission remains a seasonal occurrence throughout the southern 

United States under future climate. In no location does transmission become a year-round 
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phenomenon, however the length of the potential transmission season is longer 

throughout much of the southeast. However, the possibility of virus maintenance 

throughout the winter becomes a more likely possibility, at least during warmer than 

average years. In the more northward sites, summer dengue transmission becomes a 

small, but realistic possibility under future climate scenarios in locations that currently do 

not support it, such as Virginia, North Carolina, Tennessee, Kentucky, and Missouri. The 

small windows of transmission make it likely that only small, localized cases would 

occur, if at all.  

 In all locations for both current and future scenarios, the window for dengue 

transmission is narrower than Ae. aegypti, showing that the climate conditions required 

for dengue transmission are stricter than those for Ae. aegypti survival. This illustrates 

why studies of climate change and vector-borne disease need to take into account the 

differential impacts of climate variables on both the vector and the virus. It is possible 

that some locations may see conditions that are favorable to the overall mosquito 

population, but not to the virus itself. This point is demonstrated more fully in the 

appendix section.  

 Finally, this paper speaks to the social-environmental questions surrounding 

infectious disease emergence under climate change. That current climate conditions in 

southern Florida are climatically capable of transmitting dengue fever at levels of San 

Juan during the summer months shows the difficulty of disentangling social factors from 

environmental factors. Should this be attributed to differences in social and public health 

infrastructure (including insufficient surveillance), or the fact that southern Florida 

cannot sustain winter transmission while Puerto Rico can? In practice, the answer could 
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be both. The historical decline in transmission of dengue fever within the southern United 

States does not negate the possibility of future transmission under more favorable climate 

conditions. Longer mosquito seasons with wider windows for dengue transmission will 

challenge public health departments to adapt to new levels of potential dengue risk. 

Further, should dengue transmission become more common in the US, the possibility of 

the hemorrhagic form must also be considered. 

 Of course, social and health infrastructure also have mediating roles on 

transmission. Strong resource allocation may reduce transmission in high-risk areas, 

while a lack of resources may make dengue outbreaks more likely in areas that are 

comparatively less climatically suitable. All of this requires knowledge and assessment of 

local health capacities and vulnerabilities. Further, it is important to keep in mind that 

public health and vector control programs can be subject to volatile swings in funding, 

which may make them better equipped to manage outbreaks during some years than 

others. More nuanced approaches to what “social factors” are in the southern US and how 

they may vary by location are necessary to fully understand the climatic factors present in 

this work. Similarly, geographic proximity plays an important role in the transmission 

and facilitation of disease spread. Places with high levels of tourism, such as southern 

Florida, or places with increased migration between endemic and non-endemic locations 

such as the US-Mexico border region have recently experience localized dengue 

outbreaks. Therefore, if dengue were to become endemic in Florida, or at least overwinter 

during some years, the risks to neighboring states would be considerably higher. 
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Limitations and Future Work 

 It is important to note that this study is not making concrete predictions of future 

climate change impacts on dengue fever. The results should be understood as climate-

based projections and indicate relative changes in risk. Other issues, like herd immunity, 

vector competition, insect resistance, viral mutation, and socio-economic factors amongst 

others are not included in this model. This study focuses explicitly on isolating the 

climatic component of dengue transmission, and does not consider impacts such as land 

cover, geographic relationships to endemic areas, or potential human adaption strategies.  

Future research may aim to develop modules within the model to more accurately assess 

the role of such variables.  

 The current parameters of this model were also not useful for assessing impacts in 

the southwestern United States. This is likely due to the extremely different water storage 

and precipitation practices compared to San Juan, Puerto Rico, where this model was 

validated. While it would be ideal to have accurate mosquito data for each location, the 

paucity and accuracy of such records and the length of time needed to generate 

methodologically sound data sets is an ongoing problem in climate and health research. 

Further, the model itself seeks to fill such a void by being able to generate 

environmentally-driven mosquito populations in the absence of mosquito data. Future 

work should be focused on paramaterizing the model to work better in the southwestern 

US, especially given the ongoing dengue transmission in the larger US-Mexico border 

region.  

 Finally, more detailed risk assessments should be performed to better understand 

site-specific vulnerabilities. This may include parameterizing the model against local 
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mosquito data, if available, or running the model at finer spatial scales within a city. 

Other research has shown how micro-climatic variations within a city can impact 

mosquito risk (Morin et al. n.d.), and may be useful for determining local risk.  

 The limitations expressed are inherent to all modeling approaches. Nevertheless, 

this technique is useful for demonstrating the important role climate currently has and 

will continue to have in shaping dengue fever transmission within the southern United 

States. In addition, it also demonstrates the links between climate and general Ae. aegypti  

abundance patterns, important for not only dengue, but also for recently introduced 

Chikungunya.   

 

Conclusion 

 It has long been understood that certain infectious diseases and their vectors 

respond to climatic variables. More recently, this has been linked to concerns about 

infectious disease expansion under climate change. However, few studies have been able 

to examine the differential impacts of climate on both the vector and virus, while also 

considering the interdependent impacts of temperature and precipitation. As Hosking & 

Campbell-Lendrum (2012) note, there remains a lack of studies quantifying the links 

between climate and human health. This is particularly true for analyses of future dengue 

in the southern US.  This paper fills such a gap by using a dynamic modeling approach to 

examine future impacts of climate change on Ae. aegypti and infectious mosquito 

populations in the US. 

 The results demonstrate the importance of considering the differential climate 

impacts on both the vector and the virus. Some locations may see an increase in both total 
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and infectious populations, while others may see an increase in Ae. aegypti populations, 

but remain on the verge of  dengue transmissibility. The window of dengue transmission 

was narrower than the total Ae. aegypti season length for all site locations, demonstrating 

the more stringent climatic limitations on the virus. Finally, while social and public 

health infrastructure undoubtedly play an important ameliorating role in halting present 

transmission, this research also shows that current climatic conditions are also likely 

limiting the spread of the disease. It is currently too cold during the winter months for 

viral transmission to be sustained under present US climate conditions, meaning the virus 

depends on re-introduction each year. This is in contrast to other diseases transmitted in 

the US, such as West Nile virus and La Crosse encephalitis, which maintain themselves 

within animal reservoir populations. The effects of future climate changes that allow a 

greater chance for the virus to overwinter may make dengue a significant public health 

challenge in the future. 
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Appendix 
 
 The results included in this Appendix are incorporated for two reasons. 1. These 

results are scaled to consider population characteristics of each location, rather than being 

standardized against Puerto Rico’s output. Therefore, they are closer to a site-based 

analysis. 2. Because the updated model was run based on a Puerto Rico-specific 

parameterization, it performed poorly in the Western US due to very different 

precipitation patterns. Further development of the existing model is needed to fill such a 

gap. However, the analyses included in this appendix are the results of several different 

water presence scenarios, and therefore provide additional information for the Western 

US.  

 
Methods & Analysis 
 
 The methods for generating the climate data were the same as previously 

described. The same baseline data and climate change scenarios were used to run both 

sets of analyses. However, for these model runs a total of 30 years of data were run, as 

opposed to 20 in the previous section.  These data were then put into DyMSiM, and site-

specific parameters (latitude, population, container percentage) were set for each site. The 

container percentage was set as a fraction of population size.  

 A total of 12 combinations were run for each site, 6 were with baseline climate 

data and 6 were with future climate data. These combinations included an infection rate 

of .00001 or .0001, and permanent water values of 0%, 10%, or 25%. A specific infection 

rate is required because the virus is not maintained in the population via overwintering 

and therefore needs to be seeded for transmission. A set permanent water value was 

necessary for the western US sites because precipitation alone was not enough to sustain 
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mosquito populations, as evidenced by the 0% permanent water scenarios runs. It is 

known that precipitation-filled and human-filled containers are important breeding sites 

for Aedes mosquitoes (Moore et al. 1978).  

 The data presented in this appendix are the results of the .00001 infection rate and 

10% permanent water value combination. This combination was selected as it is a more 

conservative scenario. Higher percentages of permanent water and infection rates 

infection rates produced more mosquitoes and infectious cases. The maps and figures 

were produced by first averaging the daily total and infectious mosquito populations to 

weekly counts, and then averaging the weekly outputs across the 30 years of DyMSiM 

output.   

 

Key Results 

 
Figure 8. Infectious mosquito season length in days  (present: top; future: bottom). Tucson increases 
dengue transmission from 2.5 months to 4.5 months. South Florida increases from 5 months to 7 months.  
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Figure 9. Top: Total mosquito population season length in days (present: top; future: bottom). Changes in 
season length are highlighted for Tucson, AZ and Miami, FL. Tucson’s mosquito population goes from 
being present roughly 7 months out of the year to 12 months out of the year. South Florida is currently able 
to support mosquitoes for 12 months out of the year, and this does not change.  
 
 
 The findings suggest that the southern US will see an increase in Ae. aegypti 

season length. This is true for all locations, but most notable in the southern sites. For 

example, as Figure 7 demonstrates, Tucson’s Ae. aegypti season may expand from 7 

months to 12 months. Miami’s mosquito season is currently able to support mosquitoes 

for 12 months out of the year, and this does not change. Sacramento, CA is the only site 

that does not currently generate mosquito populations, but this changes under future 

scenarios. Conversely, Phoenix, Arizona is currently capable of near year-round Ae. 

aegypti populations under current conditions, but sees a notable decrease in populations 

under future conditions, likely because it becomes too hot. 

 Most of the southern locations also see an increased dengue transmission window 

under the future scenarios.  The more northern locations, such as Virginia, and higher 
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elevations such as Albuquerque remain less likely to support dengue transmission. The 

Gulf Coast and the southwestern US see the largest increase of dengue transmission in 

response to changing climate. The exception to this Phoenix, Arizona where, again, it 

may become too hot for dengue transmission and mosquito populations. In reality, this 

may be moderated to some extent by local micro-climatic features not captured by the 

model. Finally, in all locations, the transmission window is narrower than the Ae. aegypti 

season length, showing the importance of considering both the climatic impacts on the 

mosquito vector and the virus. The final set of results considers the more direct linkages 

between climate and transmission more specifically in four locations. These locations 

were selected because they represent different climatic regions, and therefore highlight 

different ways climate impacts mosquito and dengue potential. These include San Diego, 

Atlanta, Tampa, and Phoenix.  
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Changes to San Diego total and infectious mosquito populations, current & future 
climate 
 
Baseline 

 
Future 

 
Figure 10. San Diego shows an example of an increased mosquito population but not infectious mosquito. 
The total Ae. aegypti season length increases from 20 weeks to 40 weeks, but there is no subsequent 
infectious population increase. In this case the climate becomes more suitable for Ae. aegypti survival but is 
still too cold to support dengue transmission.  
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Changes to Atlanta total and infectious mosquito populations, current & future 
climate 
 
Baseline 

 
 
Future 

 
Figure 11. Atlanta shows an example of an increase in both total and infectious mosquito populations. The 
total mosquito population increases by about 4 weeks, while the infectious mosquito population increases 
by about 9. This shows a case where climate change will likely have a bigger impact on the transmission of 
the virus, rather than on the mosquito population in terms of seasonality. This is because the climate of 
Atlanta is already very suitable for Ae. aegypti populations, but on the verge of  dengue transmissibility. 
Warmer temperatures will directly impact the virus in this case.  
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Changes to Tampa total and infectious mosquito populations, current & future 
climate 
 
Baseline 

 
 
Future 

 
 
Figure 12. Tampa is an example of another location that sees an increase in both total mosquito population 
and infectious population, with particularly wide transmission windows. The mosquito and infectious 
populations are highest during the warm, wet part of the year, as would be expected. Under current climate, 
Ae. aegypti population crashes during the winter months, with population levels hovering at zero during 
weeks five through twelve. Under the future scenario the population level still decreases during this time of 
year, but is maintained at low levels. The infectious mosquito season widens from 24 weeks to 29 weeks, 
however winter transmission is not sustained in the future scenario, despite the presence of Ae. aegypti.  
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Changes to Phoenix total and infectious mosquito populations, current & future 
climate 
 
 
Baseline 

 
 
Future 

 
Figure 13. Phoenix is an example where temperature limits mosquito population and viral transmission. 
Currently, Phoenix, AZ can support dengue transmission, however a dip in both the total mosquito 
population and the infectious mosquito population is evident during the summer months. Under current 
conditions the population recovers after the peak summer temperatures, but this does not happen under the 
future scenario where the population just crashes. This highlights an example of climate change in the US 
potentially limiting transmission, and the important role temperature can play at the upper limits of 
biophysical processes. However, in reality this will likely be mitigated by microhabitats that will provide 
cooler spaces for the mosquito within the Phoenix area.  This should be contrasted to Tucson, AZ (see 
figures 8 & 9), which sees an expansion in both total and infectious mosquito populations. While similar in 
climate, Tucson’s climate is historically slightly cooler and wetter than Phoenix, which appears to result in 
an important difference in dengue risk under future climate scenarios.  
 
Alternate Visualization of US maps 
 The final set of maps (figure 14-17) display the same data used to create the maps 

in the main body of the paper (figures 1-4). However, the process involved considering 

the total units (infectious mosquitoes, total mosquitoes) over a 40-year period, with 20 
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years from San Juan and 20 years from each site and comparing abundance. The maps 

below should be interpreted as 50% meaning the numbers were the same for San Juan 

and the US site. Values under 50% should be understood as more mosquitoes in San Juan 

compared to that site. The red values over 50% show a higher percentage in the US site. 

They show the same trend as the paper’s conclusion, whereby for the majority of the 

year, US sites have lower total and infectious mosquito populations. However, during the 

summer months south Florida has similar or in some cases higher populations than San 

Juan. Under the future scenario, much of the Gulf Coast has higher levels of infectious 

and total mosquito populations during the summer months than current San Juan levels. 

This, again, suggests that the Gulf Coast region of the US may become more climatically   

susceptible to dengue outbreaks during the warmer summer months under climate 

change. However, even under future climate conditions, no locations generate more 

populations than current San Juan during the winter months, again showing the 

importance of lower winter temperatures in the more temperate United States for limiting 

the overwintering and transmission of the virus.  
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Figure 14. Baseline infectious mosquito population value by quarter (Q1: JFM, Q2: AMJ, Q3: JAS, Q4: 
OND). Values at 50% indicate equal values between US site and San Juan. Higher values indicate higher 
percentage in the US site, while lower values indicate higher percentage in San Juan.  
 

 
Figure 15. Future infectious mosquito population abundance comparison by quarter (Q1: JFM, Q2: AMJ, 
Q3: JAS, Q4: OND). Values at 50% indicate equal values between US site and San Juan. Higher values 
indicate higher percentage in the US site, while lower values indicate higher percentage in San Juan.  
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Figure 16. Baseline total mosquito population abundance comparison by quarter (Q1: JFM, Q2: AMJ, Q3: 
JAS, Q4: OND). Values at 50% indicate equal values between US site and San Juan. Higher values indicate 
higher percentage in the US site, while lower values indicate higher percentage in San Juan.  
 

 
Figure 17. Future total mosquito population abundance comparison by quarter (Q1: JFM, Q2: AMJ, Q3: 
JAS, Q4: OND). Values at 50% indicate equal values between US site and San Juan. Higher values indicate 
higher percentage in the US site, while lower values indicate higher percentage in San Juan.  
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Conclusion 
 These results show that the impact of future climate on dengue transmission will 

vary across the southern US. Some places, such as south Florida, may see an increase in 

both mosquito season and infectious length, making dengue an important public health 

concern. Others, such as southern California, may see an increase in Ae. aegypti 

seasonality while the climate remains too cool for dengue fever transmission. Generally, 

much of the southern US becomes more favorable to Ae. aegypti, which is already widely 

established throughout the region. However, further analysis should also consider the 

concomitant spread of Ae. albopictus in this region which is known to compete with Ae. 

aegypti  for habitat and resources. This may alter projections. Additionally, all of these 

runs were based on initial San Juan parameterization and then scaled to be site-specific. 

Again, it should be noted that this version of the model did not compare as favorably with 

new San Juan dengue data as it did in previous validation work (Morin 2012). The runs 

included in the publishable paper portion of this chapter are based upon the new model 

validations, rather than the parameters used in the Appendix. In both instances, the 

container parameterizations are based upon specifications for San Juan, PR. In practice, 

containers vary widely across and within city spaces.  This variance is hard to capture 

when operating at the scale of this study. Additional site-specific analyses of 

environmental habitat would be useful for the high-risk locations. Finally, as with the 

main study, this work isolates the climatic component, and does not consider other 

important variables such as herd immunity, competition, and intervention strategies. 

Nevertheless, it provides an important starting point for understanding how future climate 

may impact Ae. aegypti and dengue transmission within the southern US but focusing on 

the interdependent relationships of temperature and precipitation.  
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Abstract 
Sophisticated geospatial modeling of environmental problems and hazards is far 
advanced in geography, decision science, and related fields. The political ecological 
application of these tools, especially in visualizing, debating, and contesting risk, is 
underdeveloped, however. By using visualizations of risk as an analytical tool to explore 
the views of citizens and county health officials, geospatial models can help to explore 
the schisms, connections, and associations between complex landscapes, diverse publics, 
and logics of governance. In this paper, we explore the case of West Nile virus in the 
Southwest United States, a site where county health departments, vector control districts, 
and urban residents practice varying methods of mosquito management. We created 
geospatial visualizations of mosquito microhabitat using a dynamic simulation model and 
remotely sensed imagery. These data, when differentially aggregated, produced divergent 
visualizations of mosquito risk spaces across the city of Tucson. Presenting maps to 
neighborhood residents and local health officials, we found they invited different 
understandings of spatialized areas of responsibility for mosquito management. 
Neighborhood focus groups expressed territorial notions of risk and responsibility that 
diverged widely from those of health officials. Visualizations were shown to both reflect 
and produce different mosquito narratives, showing how mapped models can help elicit 
political-ecological insight into the territorialization of mosquito control. 
 

1.  Introduction   

  Visualizations, such as maps and model outputs, have been used for centuries to 

condense and convey geographical information, with recent developments focusing on 

the interactive capabilities of computer-based geovisualization.  Lately, epistemological 

boundaries have been blurred through the incorporation of geographic visualizations as 

analytic tools in social science research.  Using visualizations as representations of 

quantitative data and qualitatively evaluating their impact on their creators and observers 

has spurred numerous studies within geography (Knigge & Cope, 2006; Nightingale, 

2003; Robbins, 2003; Rutchick, Smyth, & Konrath, 2009).   

  With the expansion in technical capacity, however, came increasing scrutiny of 

the political implications and effects of geographic visualization.  Early use of new 

visualization technologies such as geographic information (GIS) were exposed to 

common critiques of maps focused on the uneven power relations embedded within the 
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production of scientific knowledges at the expense of “non-expert” ways of knowing and 

visualizing space that reproduced hegemonic power structures through mapping (Harley, 

1989; Miller, 1995; Pickles, 1995; Wood, 1992).  Conversely, feminist geographers, 

among others, have noted the utility of GIS as a method to break open new realms of 

interpretation instead of masking them, allowing more nuanced exploration of research 

questions (Kwan, 2002; Pavlovskaya, 2006).  The net effect of these observations is the 

recognition of both the power-laden character of mapping and its concomitant political 

analytical possibilities.   

  Scholars within the field of political ecology have recognized the power of these 

visualizations, but have less frequently used visualizations as a tool for political 

ecological analyses themselves. The subfield explores the spatial and temporal 

connections among material nature, social systems, and political economy.  This 

approach empirically investigates the social construction of environmental problems and 

examines the power structures behind these constructions (Blaikie, 1999; Robbins, 2012; 

Watts & Peet, 2004; Watts, 2000).   

  In this paper we explore the use of hazard maps and their potential to delve into 

new areas of research that would otherwise not be possible by combining a dynamic 

mosquito life cycle model with remotely sensed imagery. This coupling produced two 

map-based visualizations of mosquito abundance risk in Tucson, Arizona that were 

shared with participants via focus groups. The results illustrate new interpretations of 

hazards and risk in terms of their politics of responsibility, illuminating connections, 

schisms, and associations among residents and county health officials, and revealing 

understandings, beliefs, and actions that were previously undiscovered.  A political 
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ecology approach combined with visualization methods highlights the discourses that 

permeate public health concerns and interrogates the production of these discourses.  At 

the same time, this research forces the recognition that the production of hazard maps 

themselves exerts political influence and reproduces the often uneven power dynamics 

between map creators/presenters and research participants (in this case, Tucson residents 

and county health officials).  It further illuminates the inevitable role of such mapping 

exercises in creating or re-instantiating territorial notions of fear or threat.   

Focusing on perceptions of mosquito spaces in Tucson amongst the public and 

health agency officials, this research explores the use of visualizations as an analytic 

method in political ecology. The following section provides a review of current 

approaches using visualizations in political ecology and concludes with our research 

questions addressing gaps in this literature.  Following that, we present our case study of 

mosquito management in Tucson, Arizona and our methodological approach 

incorporating surveys, visualizations, and focus groups. After this, the results are 

presented, addressing how visualizations can aid in discerning notions of territoriality and 

responsibility in ways other methods cannot achieve.  Our discussion addresses the power 

of visualizations, and we conclude with the importance of this line of work for hazards 

research in political ecology.  

 

2.  Visualization and Political Ecology 

  Research utilizing visualizations as a tool to link both qualitative and quantitative 

approaches in geography has spanned across sub-fields ranging from political geography 

to cultural ecology and feminist geography to GIScience.  For example, Rutchick, Smyth, 
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and Konrath (2009) demonstrate how quantitative electoral data translated into red and 

blue binary maps of the U.S. states increases voter perception of a polarized nation and 

propagates the opinion among residents that their votes do not matter in determining 

election results.  In a different vein, Knigge and Cope (2006) developed  the 

methodological approach of grounded visualization, whereby the social theory grounded 

in every day practices and visualizations are combined to uncover the human experience 

of place in ways that could not be seen otherwise.  They use a combination of participant 

observation with neighborhood maps to explore how racial groups form attachments to 

place and shape these spaces, arguing that this approach is iterative, exploratory, and 

allows the existence of multiple interpretations.   

  Visualizations have also been an important tool within physical geography, 

particularly within the broader hazards tradition (for a brief overview, see Montz & 

Tobin, 2011).  Time lapses of aerial images have been important for delineating 

hazardous sites (Campbell, 2007).  Remote sensing technologies allowed for the 

development of more sophisticated algorithms inclusive of satellite data to study hazards 

such as drought (Kogan, 1995). Further advancements in GIScience facilitated the 

application of these technologies to numerous natural and physical hazards and 

emergency situations (Cova, 1999).   Despite these advancements, “analyses directed to 

testing the effectiveness of visualization in communicating risks are not common” in 

hazards and applied geography work (Montz & Tobin, 2011, p. 3), demonstrating an 

ongoing need to investigate the social work of, and response to, visualizations.  Within 

hazards research a shift towards the social nature of hazards, focused on the social 

response to risk and the production of marginalization, marked a disjunction from a 
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typically earth-science dominated framework (Burton, Kates, & White, 1968; O’Keefe, 

Westgate, & Wisner, 1976).  Growing out of this tradition, a political ecological approach 

to hazards considers not only the hazard in terms of its biophysical content, but also its 

political economic factors (Liverman, 1990).  It is this focus on institutional and social 

components that separates political ecological hazards work from the hazards research 

more dominant in physical geography.   

  However, within the field of political ecology, the use of geospatial visualizations 

as an analytic tool for exploring environmental hazards remains underexplored, 

particularly pertaining to debates and contestations of risk. GIScience techniques have 

been promoted as an effective research methodology within the realm of human ecology 

(Turner & Taylor, 2003), but room remains for exploring the political and economic 

implications of visualizations.  More common uses of visualizations include interrogating 

an issue of importance to the field of political ecology, rather than investigating the 

impact of the visualizations themselves.  For example, Heynen’s use of remote sensing 

technology (2006) to illustrate the relationship between tree cover and racial group access 

to trees illustrates underlying issues of equity, though the use of these maps is not 

integrated into the solicitation of results.   

  This is not to say, however, that political ecologists have ignored developments in 

GIScience and visualization.  Some political ecologists have engaged visualizations, such 

as maps, to counteract structures of power, a central component of political ecological 

praxis.  Political ecologist Nancy Peluso (1995) used the term “counter-mapping”  to 

refer to the use of technical mapping to counteract hegemonic power structures, enabling  

counter-mappers to make their own claims to resources.  Also using maps to disrupt 
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traditional power structures, Rocheleau and Edmunds (1997) call for more explicit 

“gender mapping” because traditional land tenure maps obscure women’s spaces in forest 

management and household provision.  A political ecological lens on these techniques of 

counter-mapping and visualizations highlights the power struggles behind mapped 

discourses (Bryan, 2011; Hodgson & Schroeder, 2002; Sletto, 2002).   

  Maps and other visualizations can be used to further explore the impact of 

visualizations on political environmental subjects whose environmental behaviors are the 

target of management (Agrawal, 2005).  For example, by asking land users and 

professional land managers to identify land cover categories depicted in photos of local 

forests and comparing these to ecological categorizations, Robbins (2003) used divergent 

maps to analyze, and not merely reflect, multiple representations.  This paper attempts to 

bridge the gap among hazards, health geography, critical visualization, and political 

ecology by using visualizations of risk in this way, as an analytic tool.   

  When using visualizations as an investigative tool, certain kinds of politics 

emerge that are not evident through other methods.  For example, Knigge and Cope 

(2006) use ethnographic data to find and map the existence of community gardens 

otherwise rendered invisible by traditional GIS analysis.  The incorporation of 

visualizations in conjunction with ethnographic data unveils political divisions – the 

distribution of community gardens along racial and economic lines – not seen using only 

one method or the other.  Similarly, Nightingale’s (2003) use of ecological oral histories 

and aerial photo interpretation result in divergent conclusions between methods.  The 

tendency of mixed methods to produce divergent results, she argues, is not a failing of 

triangulation, but instead an opportunity to realize how knowledge and opinions emerge 
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from the unique position from which one observes the world.  Thus, visualization, 

especially when coupled with ethnographic and survey methods in political ecology, may 

open the door to novel insights, particularly under conditions of diverse and plural 

knowledges and understandings of the environment.  This use of visualizations also 

unveils the territorial implications that frequently emerge from environmental politics: 

competing views of responsibility for, or authority over, ecological systems and human 

health.  Here, territory is understood as a space where individuals and/or groups “affect, 

influence, or control people, phenomena, and relationships by delimiting and asserting 

control” (Sack, 1986, p. 19), which includes “proscribing or prescribing specific activities 

within spatial boundaries” (Vandergeest & Peluso, 1995, p. 388).  A political ecological 

approach to visualizations enables the exploration of power, environmental risk, and 

territorial conflicts among groups and individuals, such as the case of mosquito control. 

2.1 Research Questions  

 Building upon this previous work in a variety of geographical fields, we 

contribute an underutilized analysis of visualizations. Within this context, we present 

multiple versions of mosquito risk in Tucson to both residents and county health and 

vector control officials.  The use of these visualizations of alternative risk scenarios 

allows us to delve into notions of citizenship, civic responsibility, authority, and territory 

that emerge in surveys and focus groups with both residents and public health officials.  

Informed by Nightingale (2003), we view combining these quantitative (visualizations of 

models of mosquito risk) with qualitative (discussions with managers and homeowners) 

methods as an opportunity to observe political nuances that do not emerge with previous 

survey methods.  By disrupting the norm of presenting risk and hazard maps as 
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authoritative, this study aims to delve into how the visualizations of environmental risks 

are themselves political (Robbins, 2003).  Our work also interrogates how visualizations 

of risk impact environmental subjects (Agrawal, 2005) and their notions of responsibility.  

  Using the framework of political ecology (Robbins, 2012) to address the analytic 

tool of visualizations, our research addresses the following overarching questions:   

1. How can visualizations of public hazards be used to discern notions of responsibility 
and territoriality?  

 
2. What contributions towards understanding the politics of hazards can visualizations 

provide that other methods cannot?  
 
3. How does using these visualizations reflect and/or produce understandings of 

territory? 
 

3 Methods 

3.1 Case study:  Mosquitoes in Tucson, Arizona  

  Few problems invite the use of spatial techniques as much as local health 

geographies (November, 2008).  Our research focused on neighborhood-scale exposure to 

an important disease vector in the U.S. Southwest: the common mosquito Culex 

quinquefascitus.   

  Despite Tucson’s desert habitat, mosquito populations and the diseases they carry 

have been reported in the area for centuries.  Malaria and swarms of mosquitoes were 

recorded by early European settlers in Southern Arizona (Dobyns, 1976; Fink, 1998; 

Teeples, 1929).  Mosquito numbers dropped in the mid-20th century due to altered 

hydrology and the widespread use of DDT, but in the past 25 years mosquito populations 

have grown with increases in restored wetlands and more complex urban landscapes 

(Fink, 1998; Karpiscak et al., 2004; Willott, 2004).  Once thought of primarily as a 
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nuisance due to the relatively rare incidence of mosquito-borne illness in the region, the 

emergence of West Nile virus (WNV) has reinserted the mosquito as a public health 

hazard in Arizona.  After the first cases of WNV appeared in New York in 1999, the 

disease quickly traveled throughout the United States and emerged in Arizona in 2003.  

While WNV cases in many other states have receded, cases in Arizona have remained 

relatively constant and increased with a nation-wide outbreak in 2012 (Table 1).  While 

WNV remains a relatively rare and often self-limiting disease, its consistency in Arizona 

has given health officials and the public cause for concern.  Additionally, dengue fever 

has exhibited sporadic outbreaks in southern portions of the United States (Texas, Florida 

and Hawaii, as well as Sonora, Mexico), and could appear in Arizona, particularly under 

changing climatic conditions (Bouri et al., 2012).  While mosquitoes may primarily be a 

nuisance to residents, they also pose a health hazard that has the potential to become 

more severe in the coming years.   

With the increased threat posed by mosquito-borne diseases, state bodies for 

managing these public health hazards were forced to adapt quickly (Robbins et al., 2008).  

County health control districts and vector control agencies utilize a variety of methods, 

based on different understandings of mosquito ecology, management techniques, public 

opinion, educational background, and technology (Robbins, Farnsworth, & Jones, 2008).  

For example, only separated by 100 miles, the cities of Phoenix (city population of 1.4 

million) and Tucson (city population of 525,000) employ radically different mosquito 

management strategies despite their similar climates (“2011 U.S. Census,” 2011; Shaw et 

al., 2010).  Phoenix’s Maricopa County Vector Control office employs GIS mapping, 

sophisticated trapping, and fogging for adult mosquitoes throughout the city (Shaw, 
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Robbins, & Jones 2010).  However, Tucson’s Pima County Health Department (PCHD) 

management strategy focuses on homeowner education to address breeding sources, and 

responds to complaints with localized larvicides.  Health officials in Tucson believe in 

the efficacy of a public participation-based management strategy that attempts to 

encourage personal responsibility in homeowners to remove sources of standing water, 

which health officials argue is the most effective way to reduce mosquitoes at their origin 

(Shaw, Robbins, & Jones 2010).  This project integrated three methodological 

approaches: resident surveys, risk maps, and focus groups.  For more detailed discussion 

of the methods and analysis used in the various components of this project, see (Hartfield, 

Landau, & van Leeuwen, 2011; Landau & van Leeuwen, 2012; Morin & Comrie, 2010; 

Robbins, Farnsworth, & Jones, 2008; Robbins & Miller, 2012; Shaw, Robbins, & Jones, 

2010; vonHedemann et al., n.d., in review).   

 

3.2 Visualization of mosquito abundance risk  

 To address the utility of visualizations in eliciting perceptions concerning risk and 

responsibility, modelers in our research group created maps of potential mosquito 

abundance using a dynamic simulation model integrated with remotely sensed imagery.  

The primary goal in the creation of these maps was to produce a detailed visualization of 

fine-scale mosquito risk in Tucson that incorporated detailed microclimatic data.  A land 

cover classification was created using 2010 National Agricultural Imagery Program 

multispectral imagery, derived Normalized Difference Vegetation Index (NDVI), and 

Light Detection and Ranging (LiDAR) canopy height model data for the city of Tucson 

(Hartfield, Landau, & van Leeuwen, 2011; Landau & van Leeuwen, 2012).  Land cover 
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variables derived from the land cover classification were used to inform the Dynamic 

Mosquito Simulation Model (DyMSiM) (Morin & Comrie, 2010).  DyMSiM is a 

dynamic model that simulates the development of the mosquito throughout its lifecycle 

based on parameterized ecological data and driven by daily precipitation and temperature 

input.  Land-cover data was imported into DyMSiM along with daily precipitation and 

maximum and minimum temperature to generate daily populations of Culex 

quinquefasciatus (a mosquito that breeds in containers and is the primary vector of WNV 

in the region) across the city of Tucson during the monsoon season (June – September).  

All pixels were classified by the amount of impermeable surface (5 categories), amount 

of container cover (4 categories based on land-use classification), and temperature 

deviation from the Tucson Airport weather station based on the percentage of green 

vegetation coverage from NDVI (3 categories).  DyMSiM was then run 60 times at a 10 

m spatial resolution to represent each possible pixel classification and the model output 

for each run was assigned to the appropriate pixels.  Higher coverage of impervious 

surfaces, higher container coverage, and cooler temperature (higher NDVI) indicated 

higher risk of mosquito presence.  The use of daily temperature (significant due to its 

effect on development rates, mortality at all life stages, and the reproductive cycle of the 

mosquito) and precipitation data in conjunction with our mosquito life-cycle model 

across fine-grained aerial imagery offers a detailed view of mosquito populations in the 

city.  Further specifics of model development, validation, and integration with remotely 

sensed imagery are described in detail elsewhere (Hartfield, Landau, & van Leeuwen, 

2011; Landau & van Leeuwen, 2012; Morin & Comrie, 2010).   
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 The final products of this model are high resolution maps showing areas most 

likely to host mosquito populations during the city’s typical wet monsoon season.  Risk 

classes of very low, low, moderate, high, and very high risk were determined by natural 

breaks among the number of mosquitoes predicted by the model to be present in each 10 

m by 10 m model area during the monsoon season (the model at was run at 10 m 

resolution). The same risk class categories (but not absolute values) were used for all 

resolution maps to make comparisons of risk across all maps easier. The scale for each 

risk class changed because the range in mosquito population was altered at different 

resolutions. An ordinal scale, rather than an interval scale, was displayed on the maps to 

avoid residents comparing actual numbers of mosquitoes to their own experiences, which 

we felt would distract from meaningful comparisons of mosquito abundance across the 

city.   

All graphical representations of ecological data, however, require simplifications 

of ecological outputs, which can create further complexities (Zubrow, 2003).  In this 

case, DyMSiM was run at 10 m spatial resolution, producing predicted mosquito 

populations at 10 m resolution and establishing the land cover-mosquito presence 

relationship for the study area. The 1 m resolution maps were created from proportionally 

calculating the number of mosquitoes for each 1 m by 1 m area from the 10 m by 10 m 

model output. Although the model was run at 10 m resolution, we chose to display 1 m 

resolution maps in order to visualize extremely specific details on local properties and 

parcels. This resolution was viewed as important to the investigation particularly because 

mosquito management in Tucson is focused on citizen and homeowner responsibility at 

the household scale. The 30 m resolution maps were produced by aggregating the 10 m 
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by 10 m land cover DyMSiM inputs (based on the greatest proportion of land cover 

classifications) to 30 m by 30 m cells.  Both maps used the land cover-mosquito presence 

relationship established at the 10 m spatial resolution, but changed the spatial resolution 

and aggregation of the land cover inputs.  

Figures 1 and 2 depict the 1 m resolution maps that disaggregate risk, distributing 

it throughout most of the city neighborhoods with streets, street-side washes, and yards 

showing slightly higher risk.  Conversely, managed public spaces such as parks and golf 

courses stand out as clusters of low mosquito risk.  The 30 m resolution maps (Figures 3 

and 4) of the same data, however, identify the main risk areas as public spaces, such as 

parks, golf courses, washes, and streets, that are less evenly distributed throughout the 

city.  In this aggregation, yards show lower risk. Aggregation of land cover data will 

generalize and smooth the surface, particularly in heterogeneous land cover areas, such as 

residential neighborhoods, where the lower spatial resolution is more likely to result in a 

different spatial distribution of mosquito populations than it does in more homogenous 

land cover areas, such as parks.  

These differently aggregated maps illustrate the issue of generalization, whereby 

different ways of classifying and grouping statistical data and displaying them on a map 

requires explicit decisions by the map maker throughout the processes in choosing the 

most “realistic” representation of phenomena (Jenks, 1963).  In this case, however, rather 

than imposing modeler/researcher discretion to select the more “accurate” interpretation, 

we chose to capitalize on this disjuncture (a form of the Modifiable Areal Unit Problem, 

or MAUP) in focus groups by including both depictions of the data (Dungan et al., 2002; 

Openshaw, 1984).  The MAUP refers to “a challenge that occurs during the spatial 
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analysis of aggregated data in which the results differ when the same analysis is applied 

to the same data, but different aggregation schemes are used” (Sommer & Wade, 2006, p. 

132).   MAUP often poses problems for modelers determining the most accurate display 

of their data, such as how aggregation of the “aerial unit” will affect the results. While 

MAUP effects are most often encountered through the aggregation of adjacent map units 

(as in the case of census data), in our case, aggregation of the land cover to a lower 

spatial resolution modified the “aerial unit.” As is clear from Figures 1 and 2, this 

resulted in a significant difference in the apparent spatial distribution of mosquito 

populations (figures located at the end of paper). This difference provided a tool for 

eliciting responses to different spatial expressions of mosquito hazards based on a single 

model.  We use this approach with the understanding that there are multiple ways of 

perceiving, representing, and interpreting mapped phenomenon (MacEachren, 1994), 

including different ontological orientations of vector control agencies (Shaw, Robbins, & 

Jones, 2010).   

3.3 Surveys and Focus Groups 

Exploiting the visible differences in mosquito risk produced at the two spatial 

resolutions, we showed these maps to focus groups in May 2012, and asked participants 

to reflect on the congruence of the images with their own opinions and experiences.  A 

total of three focus groups were conducted during evenings or on weekends in three 

neighborhoods in which 111 surveys of resident knowledge and management practices 

related to mosquitoes had previously been conducted in October and November 2011.  

These surveys were conducted to understand resident perceptions and attitudes pertaining 
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to mosquitoes and their control in Tucson, the methods of which are detailed elsewhere 

(vonHedemann et al., n.d., in review).  

 We selected neighborhoods that were dispersed across central Tucson in order to 

overlap with mosquito-trapping sites that our research team managed.  These mosquito 

traps were used to field-test the dynamic mosquito simulation model used to create the 

visualizations for the focus groups (see below).  Using 2000 census data, the most 

recently available at the time, we chose three neighborhoods to represent low, middle, 

and high household incomes based on natural breaks in order to determine if wealth 

played a role in neighborhood mosquito management. These neighborhoods have been 

renamed Saguaro Hills, Cholla Vista, and Gates Park within this paper to conceal the 

identity of research participants.  Seven residents participated in the Saguaro Hills focus 

group, two in Cholla Vista and five in Gates Park.  Participants were recruited primarily 

from the pool of survey respondents who expressed interest in being re-contacted for 

follow-ups.  Recruitment through neighborhood email listservs garnered three additional 

participants that had not previously taken the survey.  An additional discussion was 

convened with local health officials representing both office and field staff of the Pima 

County Health Department (PCHD).   

We began the focus groups with an overview of the project and explained our 

interest in resident perceptions and practices related to mosquito control.  We then 

informed participants that the specific purpose of the focus groups was to gauge how 

accurately different representations of the modeled and mapped mosquito risk maps 

reflected their own spatial perceptions of mosquito risk.  We first displayed simple aerial 

images of Tucson and the participants’ neighborhood that showed no modeled risk of 
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mosquitoes (similar to Figures 1-4 but without the model overlay).  After orienting 

participants to the image by highlighting key features such as streets, washes, and 

landmarks, we asked the group where they expected high and low abundance of 

mosquitoes and why.  This allowed for assessment of the types of ecological landscapes 

participants associated with mosquitoes without the influence of modeled risk.   

Before displaying our differently aggregated maps, we explained that the maps 

were created by modelers in our research group and reflected four main inputs (described 

above): impermeable surfaces, amount of container cover, temperature, and precipitation, 

coupled with remotely sensed vegetation coverage.  We emphasized that the maps were 

two representations of the same data and that neither was inherently more “accurate” than 

the other but rather served as a tool for residents to explain which map more strongly 

reflected their opinions.  We then displayed the 1 m resolution maps of both the city of 

Tucson and residents’ specific neighborhood (Figures 1 and 2) and asked residents to 

express whether they agreed or disagreed with the visualized representation of mosquito 

risk.  This included discussions of whether they felt the map over or under-represented 

mosquito risk in certain locations, and why.  We then asked participants to explain the 

types of control measures they would like to see based on the portrayed mapped risk, 

addressing how these visualizations could be used to discern beliefs of territory and 

responsibility for hazard control (Questions 1 and 3).  Following this discussion, we 

presented the 30 m resolution maps of the city of Tucson and residents’ specific 

neighborhood (Figures 3 and 4) and asked the same questions.  After both maps had been 

presented, we asked participants which map they felt better reflected their understanding 

and day-to-day experience of mosquito ecology and distribution in Tucson.  We used this 
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approach to understand how participants reconciled their own ecological understandings 

of mosquito spaces with mapped risk by interrogating why residents believed mosquitoes 

were more prevalent in certain areas.  Asking residents to make these comparisons 

between map resolutions also allowed us to explore how residents’ ideas of responsibility 

and management changed with different representations of the data.  Additionally, health 

officials from PCHD were shown maps depicting the city of Tucson and each 

neighborhood where focus groups had been held and asked the same questions.  The 

three neighborhood focus groups were recorded and transcribed for the purposes of 

analysis.  These results were compared with previous survey results in order to 

understand the contributions of visualizations to political ecological understandings of 

hazards (Question 2).  

 

4.  Results  

By using the tools of visualization in focus group settings and comparing 

responses to previous work (von Hedemann et al., n.d., in review),  the results directly 

address how visualizations of hazards can be used to discern notions of responsibility and 

territory and provide contributions towards understanding the politics of hazard control.  

4.1 Visualizations of public hazards as a tool to discern notions of responsibility and 

territory 

The two maps shown to focus group participants displayed different spatialities of 

mosquito risk, due to the MAUP effect described above.  One meter resolution maps 

(Figures 1 and 2) tended to depict mosquito distributions as: 1) highly disaggregated, 2) 

scattered within and around residential areas, including and especially resident yards, and 
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3) spread relatively more evenly throughout neighborhoods and the city.  In contrast, 30 

m resolution maps (Figures 3 and 4) tended to show mosquito distributions as: 1) heavily 

concentrated rather than dispersed, 2) centered in public spaces, including rivers, arroyos, 

large parks and golf courses, and 3) unevenly distributed around neighborhoods and the 

city more generally.   

When faced with these differing images, all three neighborhood focus groups 

came to the same conclusion:  the 30 m resolution maps were a more accurate depiction 

of mosquito hazards in the city.  When homeowners were presented first with the 1 m 

resolution maps, several were skeptical of their veracity.  A homeowner in Gates Park, 

which is located adjacent to a golf course and large city park, commented, “We don’t 

have very much [risk] at all, I’m surprised.”  Another participant from Saguaro Hills said, 

“It’s sort of surprising, though, I really would have thought that the managed green 

spaces would have come up at least yellow [moderate risk] on those maps.”  Though 

some residents did note that houses and yards can be breeding sites, the consensus was 

that 1 m resolution images did not emphasize areas with the most risk.   

When presented with the 30 m resolution image, conversely, residents expressed 

greater satisfaction with the maps’ veracity.  A homeowner in Gates Park remarked, 

“that’s what we expected: the golf course and the arroyo and the park” are problem areas.  

A respondent from Saguaro Hills commented, that mosquito risk “follows the arroyos 

and rivers … so it seems more realistic.”  Thus, despite their knowledge and management 

of mosquito spaces in their backyards, homeowners identified more strongly with 

mosquito risk maps placing breeding sites in public spaces. Again, this response was not 

universal.  As one participant in Saguaro Hills remarked when looking at the 30 m 
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resolution map, “So I don’t know how accurate this is because a lot of people have issues 

at home.  And this shows that most homes are low.”  Nevertheless, discussions in focus 

groups developed consensus around the higher congruence of their experience with the 

30 m resolution images, and these maps stress mosquito habitat in public areas, rather 

than private, with a high level of concern directed towards irrigated spaces and 

waterways.   

 Beliefs of mosquito ecology were also interrogated to determine why residents 

picked certain locations as higher risk. When 30 m resolution maps showed a park as a 

problem area, a resident from Cholla Vista said, “That’s the park.  That makes sense … 

It’s got a nice bunch of shady trees, they water the grass; it’s always green. Nice, kind of 

humid.”  One homeowner who takes frequent walks in Saguaro Hills commented, “They 

do water the park. They do water the grass. Because I know [when] I walk there, I get 

bitten.”  These characterizations of mosquito microecologies are partially correct:  

pooling water is likely to host mosquito larvae, provided it stands for several days (the 

length of egg gestation is dependent on the mosquito species).  While mosquitoes cannot 

breed in moist grass without standing water, the humid environment of irrigated fields 

can attract adults.  However, in addressing public and open spaces as the most likely 

sources, homeowners were overlooking the myriad of microspaces in yards and homes 

that promote mosquito breeding. Additionally, the modeled mosquito species, C. 

quinquefascitus, preferentially breeds in containers of water (which are most often found 

in residential areas than other land classifications) rather than open water bodies. 

However, this species is likely not the only that residents encounter, and it is nearly 

impossible to tease apart homeowner reactions to different mosquito species.  
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 With these public spaces posited as hazard areas, residents expressed a desire for 

increased mosquito management by the authorities.  When presented with 30 m 

resolution maps, a resident from Cholla Vista remarked that mosquito management, 

“really comes down more to the city, I mean the trouble spots on that [map] are all either 

businesses or they’re government-owned.”  A respondent from Saguaro Hills commented 

when seeing the 30 m maps, “I think it put it more on the city and the county to manage 

public spaces.” Neighborhood residents felt these communal spaces that harbored 

mosquitoes were not under their control 

In contrast to the resident focus groups, PCHD workers and officials described the 

1 m resolution maps as more accurate.  They suggested that the pinpoint identification of 

small drainages, especially culverts, precisely matched the areas where they spent the 

greatest amount of time performing management activities like placing BTI “dunks” 

(Bacillus thuringiensis israelensis is a group of bacteria toxic to mosquito larvae but few 

other species) and surfactants to reduce larvae populations.  PCHD respondents were 

satisfied by the degree to which the more highly resolved images showed habitats in 

resident yards and private spaces.  Yards, officials stressed, are the major source of 

mosquitoes that are likely to actually bite citizens and provide ideal habitat owing to 

standing water left by residents in containers, furniture, pools, and other residential 

amenities.  These areas, moreover, are typically beyond the control of officials, and were 

described as abiding problems for managers.  County health workers repeatedly 

underscored that the 1 m resolution maps emphasized the effort citizens need to put into 

mosquito control.  More than public green spaces and waterways, backyards full of 

water-holding containers were identified as crucial culprits for disease vectoring.   
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4.2 The unique contribution of visualizations to understanding the politics of mosquito 
control in Tucson 
 
 Surprisingly, the views expressed by residents during the focus groups were not 

evident in previous surveys conducted in these neighborhoods. The details of the 

neighborhood surveys are published elsewhere (von Hedemann et al., n.d., in review). 

However, we mention these results here in a comparative sense to demonstrate the work 

that maps can do. While focus group respondents most strongly agreed with maps that 

showed mosquito-risky spaces to be public areas such as golf courses, grassy parks, 

arroyos, and rivers, these answers were not prevalent in the surveys, where only 17% of 

survey respondents cited similar spaces as risky.  In fact, the most common answers as to 

which spaces survey respondents noticed the most mosquitoes were “my yard” or 

“anywhere with standing water.”   

 Not only were perceived mosquito-risky spaces different in the focus group 

setting, but by extension, so too were recommended mosquito management strategies. 

Only 36% of survey respondents indicated a desire for increased authority management 

of mosquitoes in their neighborhoods (von Hedeman et al., n.d., in review).  However, 

when focus group participants chose maps that highlighted parks and rivers as mosquito-

prone areas as the most accurate representation of risk, residents expressed the need for 

active management in these spaces.  At the same time, several focus group residents 

thought that these spaces might already be managed, as they are obviously mosquito-

prone areas.  One respondent in Gates Vista said, “We walked around the perimeter of 

the park, and I run the perimeter, I haven’t noticed any mosquitoes.  They must do a good 

job of controlling all the water that runs off the course.”  Other focus group participants 

still emphasized the need for water source management and were afraid of aerial 
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spraying, which was commonly cited as the dominant management option available to 

authorities.  Despite these concerns, all three public groups concluded that these risky 

spaces must be actively managed by the city or county, a different sentiment than what 

was gathered through the individual surveys. 

It should be noted that the residential focus groups (a total of 14 neighborhood 

resident participants) provided a much smaller sample size than the surveys (111 

participants), but the consistency expressed among the three focus groups is significant.  

The 30 m resolution resonated strongly with these different groups (three non-adjacent 

neighborhoods reflecting low, medium, and high income levels), and all concluded that 

these public spaces called for control by city or county authorities that were responsible 

for these properties.  That these different groups all displayed an affinity for the 30 m 

map, which stood in contrast to the health department’s valuing of the 1 m map, is a key 

result with implications for mosquito management in Tucson.  

5.  Discussion: Visualizations, Territory, and the Political Influence of Mapping  

 Based on the results from the focus groups, we argue two main points: (1) The 

change in resident perceptions of mosquito-risky spaces in the focus groups demonstrates 

the power of visualization, and (2) The fact that residents preferred the 30 m maps while 

health officials preferred the 1 m maps can be linked to notions of responsibility for 

mosquito control. This presents an important methodological avenue for political 

ecologists, but also requires us to consider a resulting politics of territory and resolution 

embedded within our own work.  

  The change in participant responses between the surveys and the focus groups is 

particularly interesting. It is possible that the focus groups attracted a small subset of 
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individuals with the pre-existing opinion that public spaces pose a higher risk of 

mosquitoes. However, we suspect that is not the case for two important reasons. First, 

there was a small number of survey respondents (< 20%) that cited public spaces as being 

risky. It would be unlikely that only those from that small minority would agree to 

participate in the focus groups. Further, when inviting residents to participate in the focus 

groups, they were told that they would be shown two different map outputs of mosquito 

risk in their neighborhood/city, and would be asked to discuss how these maps matched 

their own experiences and understandings. The discussion of public/private space and 

individual/state control in relation to the maps was generated out of the focus groups. 

Therefore, we assert that the visualizations in the focus groups uncovered different 

responses than the neighborhood surveys of residents. This indicates the ability of 

visualization models to explore schisms and associations in ways that cannot be achieved 

through other methods.   

  When considering the array of methods at our disposal as geographers, it should 

be not be surprising that different methods can generate different responses. As 

Nightingale (2003) suggests, “the silences and gaps between data sets can be explored to 

interrogate the partiality of knowledge produced in different theoretical and 

methodological contexts.” These gaps, seen in the different response between surveys 

and focus groups, are not uncovering poor or incomplete methods but instead 

demonstrating how multiple methods reveal different ways of understanding mosquito 

spaces of risk.  

  The use of images influences participants due to their visual nature, which may 

account for some difference in responses from oral surveys. This is evident by linking 



 

 

 

89 

participant understandings of mosquito habitat to the maps. The consensus of risk being 

highest in public spaces stemmed from focus group participants’ understanding of a 

mosquito ecology that ties the insect to non-native vegetation needing irrigation in the 

desert climate, and water courses (such as river beds and washes) that have the potential 

to hold standing water.  When looking at a map, these features are more easily labeled 

and knowable in public spaces, as compared to an indeterminate number of conditions in 

private yards. This may help to explain why at an individual level, participants aware of 

their own mosquito-producing habitats in their yards are quick to internalize 

responsibility, but when the habitat becomes spatialized, it becomes easier to “know” in 

public areas. Indeed, Tucson residents in focus groups might have in part responded most 

strongly to the 30 m resolution maps because visualization of mosquito risk in aggregated 

public spaces creates maps that are more easily labeled “problem areas”, with delineated 

boundaries for control and clearer steps towards action.   

The second important point is the preference of the PCHD for the 1 m map. Such 

a conclusion from PCHD agents is congruent with the overall emphasis of the city’s 

mosquito control policy, which relies heavily on a “Fight the Bite” campaign directed at 

changing citizen behaviors to increase awareness and household responsibility to abate 

mosquito breeding (Shaw, Robbins, & Jones, 2010).  This campaign was mentioned in 

one focus group, but was not explicitly recognized as a management strategy from Pima 

County by many residents.  Maps aggregated at 1 m appear to match officials’ belief that 

residents need to manage microhabitats in order to effectively combat mosquito 

problems.  Though entirely converse to the response of citizens, the pattern is congruent: 

PCHD conceptions of mosquito ecologies are again linked to notions of mosquito 
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responsibilities, placing mosquito control at least in part onto the shoulders of 

individuals.  Political ecologists are poised to explore “in controlled and quantitative 

terms the convergence and divergence of knowledge, categories, and ecological 

subjectivity” and thereby “can outline the fault lines along which potential conflicts 

arise” (Robbins, 2003). In our case, the maps became the analytical tool to outline 

ecological spaces of risk and responsibility in participants’ minds.  

Ultimately, different management outcomes were recommended based on which 

map spoke most strongly to viewers’ spatialized perceptions of high and low areas of 

mosquito risk. As MacEachren (1994, p. 456) notes: “If a realistic landscape 

representation is used, the audience tends to treat the plan as final – not as subject to 

question. In contrast, if maps and/or drawings are used, the plan is treated as a proposal 

open for comment”. So too, we suggest, using two distinct visualizations of the same data 

leaves an opening for a discussion different than a single, “final” map would have. 

Therefore, by using these maps as a tool, we were able to elicit opinions of territoriality 

(who is responsible for public health on what territories) as well as contradictory 

perceptions of mosquito ecological habitats.   

  However useful these maps are for eliciting reflections of territory, they are also 

undeniably complicit in reproducing territorial notions of hazards and responsibility.  

This leaves open the possibility that these maps are producing mosquito fears and 

creating new mosquito-risky spaces in the minds of observers.  Visualization techniques 

themselves are political interventions with potentially unforeseen implications, including 

the form visualization takes, as demonstrated by the MacEachren (1994, p. 456) quote 

above. The maps presented to participants in our study were but two of countless possible 
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representations of Tucson’s mosquito landscape.  Data aggregated at a different spatial 

scale, or represented in other ways, elicits different responses, and helps create, and not 

merely reflect, an ecological and territorial perception.  Based on modeled inputs of 

remotely sensed imaging and knowledge of mosquito ecology, there is a perceived level 

of authority embedded within these maps as a “scientific truth” that does act upon 

participants’ opinions of mosquito ecologies despite giving focus group participants a 

choice in maps. For example, while the focus groups concluded that these 30 m maps 

most accurately reflected their conceptions of mosquito areas, some participants noted 

that they themselves had not experienced mosquito problems in the local park.  These 

visualizations, while uncovering perceived truths about territory, also influence the way 

risk is visualized and “external” spaces of risk are “internalized” in the form of anxiety.   

As a result, the focus group interactions themselves also succumbed in part to a politics of 

fear by re-creating a landscape of threat, or by legitimizing certain fears and generating 

notions of responsibility.  Most important in this regard, maps that placed the highest risk 

in individual yards warranted calls for more resident action from local authorities.  Maps 

that placed the highest risk in public spaces yielded calls for more state control from 

residents.  Which map was deemed more "accurate" depended upon who was being asked 

and their role in mosquito control.  As such, the maps themselves (coupled with 

investigator queries) stimulate calls for different types of environmental management 

regimes, actively participating in state-society relations.   

  None of this should be especially surprising, given the universally-recognized 

power of maps to generate and define an interpreter’s experience and reality (Crampton, 

2010; Harley, 1989; Wood, 1992).  Given the sensitivity of linkages people draw between 
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notions of space (e.g. neighborhoods, “home”, etc.) and those of health and safety, the 

generation or re-instantiation of spatial ideas about risk in geographic research requires 

further scrutiny and consideration.  The use of sketch mapping and other geographic 

techniques has been expanded in assessing fear of crime (Curtis, 2012) and a variety of 

health-related behaviors (Basta, Richmond, & Wiebe, 2010), which often reinforce fears 

of these crimes and health hazards.  These conclusions suggest the need for investigation 

and possible further critique of mapping itself as a part of generating new cultures of fear 

and responsibility.   

  An important limitation of this work is that it focused on the ecology of a specific 

mosquito, Culex quiquefasciatus, while there are a number of mosquito species present in 

Tucson. It is impossible to know exactly which mosquito species residents were referring 

to when they shared their experiences during the focus groups, unless they happened to 

be particularly well informed in mosquito identification. However, our team’s trapping 

data demonstrated that Ae. aegypti and Cx. quinquefasciatus were the predominant 

mosquitoes found in central Tucson. Though there are physiological and behavioral 

differences between the two, both are largely urban, container dwelling species, and it is 

likely an Ae. aegypti map would have looked very similar to the map shown to residents. 

We chose to focus on Cx. quinquefasciatus for this work because it is the predominant 

vector of West Nile virus, which remains a concern in Arizona.  Further work might try 

to flesh out how ecological understandings of multiple mosquitoes with differing habitats 

and behaviors are perceived and acted upon by residents.  
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6.  Conclusion: Visualization as a Tool for Political Ecology 

  Recent work within a political ecology framework has contributed to a broader 

conversation of how vector control is practiced within and across institutions (Robbins, 

Farnsworth, & Jones, 2008; Robbins & Miller, 2012; Shaw, Robbins, & Jones, 2010; 

Tedesco, Ruiz, & McLafferty, 2010).  The case of visualizations of an urban mosquito in 

Tucson contributes to such discussions by demonstrating the utility of this type of 

approach for political ecological research.  By presenting multiple groups with different 

displays of the same data, we were able to delve into ecological and territorial 

understandings of mosquito habitat not accessible in previous work using survey methods 

(vonHedemann et al., n.d., in review).  The use of these visualizations after conducting 

neighborhood surveys illustrates that certain kinds of politics are only apparent (or at 

least more easily investigated or observed) through the use of visualizations. In this case, 

the investigation called to attention the differential and competing notions of 

responsibility and authority over specific private or public spaces, between local residents 

and state agents. Further, the divergent responses produced by the maps but not captured 

by the surveys provide insight into the power of spatial representations as a form of 

reality or truth.  The politics of responsibility is therefore linked with, and perhaps prior 

to, assumptions or perception biases about ecological systems.  Different notions of 

mosquito ecology are tied to competing notions of territorial responsibility.  Therefore, 

we are reminded that MAUP it is not simply a problem of data aggregated in a fictitious 

or deceitful way. Rather, all scales are called into question.   
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Inherent to this work is a concern for how ecological data are displayed, 

understood, and ultimately acted upon. The distortion of maps and spatial data for 

political purposes has been extensively studied in geography (Monmonier, 1996; Wood, 

1992), and all maps and models are oversimplifications.  It is this point that we believe 

makes this a useful visualization technique for political ecologists interested in 

understanding issues of territory and spaces, as such scholars are well attuned to the role 

maps and statistical representations of the environment play in ecological governance 

strategies.  Arun Agrawal (2005) argues: “statistics, maps, numerical tables, and their 

collation in specific formats can become the basis for producing new forms of knowledge 

that make some actions seem naturally more appropriate in comparison to others as an 

invaluable aid to the process of government.”  In our research, county health officials 

responded most strongly to maps that reflected the vector control work that they do: 

encouragement of private management of scattered, small mosquito sources in yards.  

This critical lens as applied to the use of geospatial modeling provides a space for 

important reflexive consideration of the type of work maps do, especially in research and 

environmental management processes.  While we recognize the utility, limitations, and 

problems associated with this type of approach to human-environment questions, we also 

see this approach as able to generate new and unique ways of thinking through schisms, 

convergent, and divergent views of environmental governance.  Geospatial tools and 

visualization open possibilities of both fear and hope (Klinkenberg, 2007).  The use of 

visualizations pairing quantitative and qualitative techniques offers new tools to an 

eclectic political ecology “toolkit” (Watts & Peet, 2004), which can be engaged in more 

critical conversations of political ecology praxis (Walker, 2007). 
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Table 1. Reported West Nile Virus Cases in Arizona and the United States, 2003-2013.  

Year 

Pima 
County 
Casesa 

Pima 
County 
Cases 

per 
100,000b 

Arizona 
Casesc 

Arizona 
Deathsc 

Arizona 
Cases 
Per 

100,000b 

US 
Casesc 

US 
Deathsc 

US 
Cases  
Per 

100,000d 

2003 2 0.22 13 1 0.23 9,862 264 3.40 
2004 7 0.77 391 16 6.83 2,539 100 0.87 
2005 16 1.70 113 5 1.91 3,000 119 1.02 
2006 47 4.90 150 11 2.45 4,269 177 1.43 
2007 15 1.53 97 6 1.55 3,630 124 1.21 
2008 13 1.32 114 7 1.79 1,356 44 0.45 
2009 0 0 20 0 0.31 720 32 0.23 
2010 12 1.22 167 15 2.61 1,021 57 0.33 
2011 19 1.93 69 4 1.07 712 43 0.23 
2012 33 3.33 133 7 2.05 5,674 286 1.81 
2013 2 0.20 62 6 0.94 2,469 119 0.78 
a Case reports as of August 25, 2014.  United States Geological Survey 2014, 
<http://diseasemaps.usgs.gov/wnv_az_human.html>. Accessed August 25, 2014. 
b Based on the Arizona Department of Administration intercensal estimates, < 
https://population.az.gov/population-estimates >. Accessed August 25, 2014. 
c Case reports as of August 25, 2014. United States Center for Disease Control 2014, 
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 Figures  
 

 
Figure 1.  Modeled risk of seasonal presence in Tucson at 1 m resolution.  
 
 

 
Figure 2. Modeled risk of seasonal presence in Cholla Vista at 1 m resolution.  
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Figure 3.  Modeled risk of seasonal presence in Tucson at 30 m resolution.  
 
 

 
 
Figure 4. Modeled risk of seasonal presence in Cholla Vista at 30m.  
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Abstract 
 
During the summer of 2009 the city of Key West, Florida saw the first outbreak of 
dengue fever in the southeastern United States in nearly 70 years. The outbreak was set 
amidst a growing trend of increased global incidence and distribution, and required an 
integrated effort amongst local residents and numerous agencies tasked with managing 
viruses, vectors, and ecological habitats. While the outbreak was eventually contained, 
the vector, Ae. aegypti remains prevalent on the island, despite intensive control efforts. 
By using semi-structured interviews with residents and local health and vector control 
officials, this paper examines the control of the mosquito and tensions existing 
surrounding dengue fever on the island more generally. While some view residents as not 
taking enough action around their properties to clear breeding sites, this research suggests 
that residents are taking extensive action by not only being aware of sites in their yards, 
but actively surveilling and intervening in their neighbors spaces. Further, important 
socio-environmental factors were identified that limit resident’s abilities to take 
recommended control actions. Such research is important for the southern US, which has 
seen a growing increase in dengue and other similar diseases in recent years, as 
mosquitoes that were previously only annoyances now vector infectious agents.  
 

“Mosquito control in Florida is a metaphor for the relationship between  
  human beings and their environment” Patterson 2004, pg 14 

 
Introduction 

 After a nearly 70-year absence of the disease in south Florida, dengue fever re-

emerged in Key West during 2009 and 2010. The outbreak, the largest in recent history in 

the continental United States, resulted in roughly 88 cases, although it is estimated the 

actual incidence was higher, owing to sub-clinical or unconfirmed cases (Radke et al. 

2012). Key West’s outbreak was set amidst a growing global trend of dengue re-

emergence, both epidemiologically and geographically, after a promising but 

unsustainable multi-national Aedes aegypti eradication campaign during the 1950’s and 

60’s (Gubler and Clark 1995). New estimates suggest 390 million dengue infections 

occur globally each year, with 96 million of those being symptomatic cases (Bhatt et al. 

2013). The main vector, Ae. aegypti, is prominent throughout tropical and subtropical 

regions of the world, and well established in the southeastern United States. The 



 

 

 

105 

mosquito is known for its affinity for urban habitats, breeding in man-made containers 

and feeding on and resting around humans. Dengue’s secondary vector Ae. albopictus 

shares a similar ecology and is an aggressive biter.  

 Despite the prevalence of Ae. aegypti in the southern US, and the fact that it was 

never eradicated, dengue has typically been considered a disease associated with poverty 

(Mulligan et al. 2012a). This is attributed to a lack of sanitation, screening, public health 

infrastructure, and high population density in urban areas, coupled with suitable climates 

supporting transmission (WHO 2015). At the same time, however, dengue has re-

emerged outside of this region, challenging these conceptions of dengue’s existing 

geography. This includes outbreaks and locally acquired cases in locations such as 

Hawaii, Texas, Croatia, France, Portugal, and Australia (Queensland Health 2011; Adalja 

et al. 2012; WHO 2015), suggesting these new locations are not aberrations, but represent 

a broader geography of dengue requiring investigation (Guha-Sapir & Schimmer 2005). 

Recent articles further highlight the increased abundance of dengue fever in cases outside 

of poor communities (Teixeira et al. 2001; 2009; Gale & Srivastava 2010; Chandra 2012; 

Fazlulhaq 2012), which can cause dengue to be overlooked in other spaces (Mulligan et 

al. 2012b; Alley & Sommerfield 2014). This of course does not discredit the strong 

linkages between structural inequality, poverty, and disease, but does suggest that such a 

narrow understanding of dengue ecology is limiting.  

 In the case of Key West, Florida, there is a particularly comprehensive Ae. aegypti 

and dengue control program led by the Florida Keys Mosquito Control District 

(FKMCD) and the Florida Department of Health- Monroe County (FDH-MC). While the 

outbreak was eventually controlled after two summers of transmission, the vector remains 
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established and prevalent throughout the island. Therefore, Key West provides a 

particularly interesting chance to study not only the re-emergence of dengue fever in the 

United States, but also the persistence of Ae. aegypti despite strong control efforts. This 

challenges not only our existing conceptions of dengue ecology, but also highlights 

limitations to dengue and Ae. aegypti control more specifically within the United States. 

This is particularly important within the context of climate change, which may make 

dengue fever more common, particularly in Florida (see APPENDIX A of this 

dissertation), making mosquito control efforts critical from a public health standpoint.  

 To understand the specificities of Ae. aegypti, it is necessary to delve into the 

underlying factors shaping vector presence and control. To do this requires understanding 

the role of mosquito control by local agencies and residents, and how responsibilities for 

control are understood and practiced. Therefore, this paper addresses: (1) how 

responsibility for dengue and mosquito control is understood, delineated, and practiced in 

Key West and (2) what factors limit residents from being able to follow health 

recommendations to reduce mosquito bites and breeding around their yards.  

 To address these objectives, this paper uses a political ecology of health 

framework that investigates the roles of mosquito governance and public health practice 

in the yard spaces of resident homes in Key West, FL. As King (2010) describes, there 

are significant but unexplored overlaps between health geography and political ecology, 

including the human-environment relationships between disease pathogens, viruses, and 

management strategies. I engage these sites of overlap in this paper in two sections of 

literature reviewed below: Organization of mosquito and disease control and 
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responsibility and Governing the self and maintaining the yard. I then follow with a 

description of the Key West case study, methods, analysis, and discussion.  

 

Organization of mosquito and disease control and responsibility 

 The control of Ae. aegypti, and by extension dengue fever, have seen significant 

changes over the past decades. The most successful global control of the mosquito came 

through state-led DDT and pesticide applications. However, this approach was not 

sustainable in the long-term due to insect-resistance, increasing chemical regulations, and 

dwindling funding (Gubler & Clark 1995). In the wake of Ae. aegypti re-infestation 

throughout the Americas, new control orientations were explored requiring less state 

support and more community involvement (Gubler 1989), understood to be an important 

component in dengue reduction strategies (Winch et al. 1992). Such approaches require 

citizens to actively clear mosquito-breeding sites around their homes and practice 

personal protective behaviors, such as wearing sleeves, repellent, keeping windows 

secure or sleeping under bed-nets, in addition to government or institution-led programs 

such as larviciding and adulticiding.  

 The successes of these programs have been suggested in numerous case studies 

(Gubler 1989; Gordon et al. 1990; Winch et al.1992; 2002; Leontsini et al. 1993; 

Therawiwat et al. 2005), and has led community-based public participation to be formally 

included in the WHO/PAHO dengue control strategy, known as IMS-dengue (PAHO, CD 

44.R9). Despite these successes, case-based (Tapia-Conver et al. 2012) and systematic 

literature studies (Heintze et al. 2007) have suggested that community-based programs 

struggle with long-term dengue reduction. Social scientists have offered place-based 
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insights into myriad reasons why. Suarez et al. (2005) suggest that reductionistic 

stereotypes of dengue being caused by poor lifestyle habits fail to match the historical 

understanding residents have of the disease in Colombia. Whiteford & Hill (2005) 

highlight how tourist infrastructure prioritization over health programs in the Dominican 

Republic led citizens to be skeptical of government-led programs encouraging citizen 

participation during a dengue outbreak. Perceptions of mosquito risk and ecology can 

further vary between citizens and state agencies, with implications for management and 

control (APPENDIX B; McNaughton et al. 2010; Dickin et al. 2013). 

 The engagements of geographers with broader concerns of the non-human world, 

including mosquito control, offer further insights into the variation of such programs. 

Studies examining cases of mosquito management in the US show that there are 

important differences in how agencies understand and address problems. For example, 

Shaw et al. (2010) demonstrate that even within the same state (Arizona), mosquito 

control surveillance strategies vary considerably, with neighboring county agencies 

preferring different management options. Tedesco et al. (2010) show that such variation 

matters to disease by linking patterns of West Nile virus cases within Chicago, IL to local 

micro-political aspects of mosquito control. These studies demonstrate that there is no 

singular approach to managing or thinking about mosquito-borne disease, even within 

comparatively well-resourced contexts. Therefore, an understanding of how local actors 

actively manage the disease and vector, and how control responsibilities are delineated 

with the public is crucial. Further, local policy and planning initiatives that fail to 

consider mosquitoes can propagate breeding sites (Willot 2004; Mulligan et al 2012b). 
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This matters not only practically for health and mosquito control agencies, but also 

speaks to larger concerns of how public health is understood and practiced. 

 

Governing the self & maintaining the yard 

 While the shift towards community centered projects for dengue control has been 

done in terms of perceived effectiveness and sustainability, it is also broadly situated 

within the project of “the new public health”. At its core, “the new public health” expects 

individuals to protect themselves against disease by arming them with knowledge about 

etiology, transmission, and prevention (Peterson & Lupton, 1996). Such a framework 

assumes that residents will manage their own health risks if positioned with the 

knowledge to do so.   

  Operating within a political ecology of health framework, scholars have shown 

the limitations to such approaches in that they fail to address factors outside of the 

individuals’ control that may make it hard to engage with public health 

recommendations. A growing body of literature exists arguing (ill)health is not simply a 

matter of life-style decisions. For example, Kalipeni & Oppong (1998) situate infectious 

diseases in Africa within a broader context of violent struggle linked to global economic 

relationships and legacies of colonialism. They challenge the notion that such outbreaks 

are caused by “risky” cultural practices, but rather disruptions to local institutions and 

networks. In the case of ground water, Sultana (2007) shows the limitations of health 

education programs following a well-intentioned switch from surface water to ultimately 

arsenic-contaminated groundwater wells in Bangladesh. Despite education campaigns 

and the marking of “safe” wells, many individuals continue to drink arsenic-laden water 
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stemming from a lack of access created at the intersecting lines of class, gender, stigma, 

and treatment availability. Hanchette (2008) argues that the epidemiology of lead paint 

poisoning in North Carolina requires understanding the local history that resulted in 

certain bodies residing in lead-contaminated homes without the economic means to 

afford safe maintenance.  

 While the above examples explore factors that limit engagement, scholars have 

also explored how individuals take up health related actions by drawing on Foucault’s 

(1978, pg 140) concept of biopower, referring to the “diverse techniques for achieving 

the subjugation of bodies and the control of populations”. Through this lens, strategies 

such as health education and promotion can be seen as forms of bio-power. As Gastaldo 

(1997, pgs.113-114) succinctly explains,  

 “health education represents a singular contribution to the exercise of bio-power. Its 
 involvement with prevention and health promotion, as well as its educational nature, 
 enhances the set of power techniques that come into play in the management of 
 individual and social bodies.” She goes on to say this form of power “happens in a subtle 
 and continuous way, in a web of micro-powers each including the use of space, time and 
 everyday practices”.  
 

Such programs position individuals to manage their own health behavior and make 

informed choices, but with implications if they do not uphold certain expectations of a 

“healthy citizen” (Peterson & Lupton 1996; Peterson 1997). This is not to say suggest 

health education programs are negative or without merit. They can indeed be productive 

of health, but simultaneously hold ideals of how individual bodies should be regulated 

(Gastaldo 1997).  

 Such individual prevention strategies aim to govern bodies in a less direct manner 

by creating “responsible subjects” (Peterson & Lupton 1996), requiring one to “take care 

of oneself” through forms of social practice that “instill in ways of living.. developed, 
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perfected, and taught” (Foucault 1986, pg. 45). Within the realm of mosquito-borne 

disease, education programs have been particularly vital to encouraging these practices, 

focusing on knowledge and awareness of disease and preventive measures (Winch et al. 

2002; Nam et al. 2005). These approaches rely on an informed public to protect 

themselves and suggest continued awareness campaigns when citizens do not follow 

recommended actions (e.g. Adams 2002), as well as modifications to the environmental 

landscape, and aim to encourage certain forms of behavior that increase individual 

responsibility while maintaining collective health.  

 Drawing on Agrawal (2005) and the notion of biopower as described above, 

vonHedemann et al (in review, n.d.) argue that a “mosquito environmentality” can be 

observed in decentralized mosquito control programs that aim to “responsibilise” citizens 

for the maintenance of breeding spaces around their yards. In the case of Tucson, 

Arizona, from vonHedemann et al. (n.d., pg 23, in review) 

 “Pima County’s dispersed and decentralized method for managing mosquito disease 
 vectors appears to have helped shaped the production of environmental citizens, as 
 desired by the county. The majority of Tucson residents take responsibility for mosquito 
 control and imagines only a minimal role for the county.”  
       

This is an interesting finding given that many of the participants in the study reported 

having mosquito problems in their yards.  In the case of environmentally-mediated 

infectious diseases such as dengue, individuals must manage their own bodies in addition 

to the ecological spaces around their homes. The relationships between the self-

governance of health behaviors and the yard space matters practically in the case of 

mosquito-borne diseases, precisely because Ae. aegypti lives in close proximity to homes, 

and matters practically in the event of outbreaks. This highlights the necessity of 
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considering the relationships between local residents and authorities tasked with 

managing disease and vectors.  

 Relationships between individuals are also key factors for infectious disease. In 

the case of dengue, it is believed that mosquitoes travel only short distances and likely 

remain around small clusters of houses (Salje et al. 2012), meaning mobile bodies are 

important for moving the virus through the community (Harrington et al. 2005). By 

understanding that dengue-infectious mosquitoes are likely to remain near their breeding 

grounds, and that it is probable that there are expectations for residents to reduce risk on 

their own properties (Peterson & Lupton, 1996), it becomes important to not only 

understand individual protective action taken around the home, but also inter-neighbor 

activities and relations for such.   

 These relations must be understood within a broader context of disease in society. 

Geographers have shed important light on how patterns of infectious diseases are 

understood and explained in society.  Often, perceptions of illness fail to match with 

ecological realities, based on stigmas of other individuals and ecologies. In the case of 

HIV/AIDS, for example, Altman (1988, 301; cited in Brown 1995, 165) notes,  

"..'gay' and 'AIDS' have become conflated, so that public perception of homosexuality 
becomes largely indistinguishable from its perceptions of AIDS. This, in turn, has two 
consequences: (1) It causes unnecessary discrimination against all those who are 
identified as gay (including, in some cases, lesbians), and (2) it also means that people 
who are not perceived (and do not perceive themselves) as engaging in high risk 
behaviours can deny they are at risk of HIV infection." 

 

Altman’s quote shows that ideas of infectious disease risk impact how blame is 

appropriated within society, as well as influences how one thinks about their own risk. 

Similarly, smallpox outbreaks in San Francisco during the 19th century were 

predominantly blamed on Chinese residents, and associated with their living spaces, 
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which were conceived of as diseased and filthy (Craddock 1995; 1999). Such instances of 

associating disease with particular people and places have also been noted with mosquito-

borne diseases. Carter’s (2008) work on malaria in Argentina further demonstrates how 

groups of people, regions, and landscapes can become stigmatized as breeding grounds 

for mosquitoes and disease in ways that overlook the nuances of the mosquito. In the case 

of dengue, particularly with the already abundant association of the disease with poor 

urban environments, it is important to further understand how blame is appropriated in 

communities and how risk for mosquitoes and disease are understood by individuals in 

relation to their immediate surroundings, such as neighbors’ lots.  

 

Research Questions 

 The prevalence of West Nile virus and other encephalitides, in addition to more 

recent outbreaks of dengue and chikungunya in the US, show that the country is 

susceptible to mosquito-borne disease transmission. In the case of dengue fever, 

limitations to community-oriented programs are inherently location-specific and depend 

on a number of important social and environmental conditions. Yet as evaluations show, 

these programs are less effective than desired. In addressing this concern, the World 

Health Organization (Parks & Lloyd 2004 pg. 3) has said, 

  “Evaluation researchers have noted that, despite the growing levels of knowledge and 
 awareness about dengue and mosquitoes, many people are still not taking action… Many 
 programmes continue to focus only on changing  people’s knowledge and on raising 
 awareness, believing that behaviour will change; when it doesn’t (and it usually doesn’t), 
 the standard response is to bombard people with even more entomological and 
 epidemiological facts, often using sophisticated advertising techniques”.  
 

The authors suggest competing demands of residents must be evaluated to understand the 

decisions they make. Similarly, further work is needed to understand how residents view 
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their own and others participation and responsibilities in these programs, and what factors 

make otherwise knowledgeable and educated citizens unable or unwilling to take action 

around their yards. The extent to which individuals are successfully able to manage their 

own health risks has implications for how they are perceived by others, and are linked to 

concerns about neighborly expectations as described in the previous section. By ignoring 

such concerns, it can appear that individuals are simply choosing not to participate.  

 In Key West, individuals are expected to play an active role in eliminating 

breeding sites around their home, while at the same time the Florida Keys Mosquito 

Control District maintains a strong state presence on the island, enhanced by Department 

of Health activities. The Key West dengue outbreak has received national news coverage, 

but academic inquiries from the social sciences remain limited. Biomedical, ecological, 

and quantitative epidemiologic surveys have been conducted on the island (MMWR 

2010; Graham et al. 2011; Anez et al. 2012; Richards et al. 2012; Radke et al. 2012; 

Cobb 2013a, 2013b; Matthias et al. 2014; Ernst et al. 2015) and shed important light on 

the dengue virus and risk within the city and resident awareness and perceptions. 

However, missing from this conversation is qualitative work on how local agencies, 

organizations, and citizens managed the virus and mosquito, and explorations into the 

conditions that challenge control. As Twigg & Cooper (2009) highlight, health 

geographers can add important social and contextual information to questions related to 

public health practice, behavior, and individual decision-making. Therefore, this paper 

allows insight into both theoretical concerns of relationships between state actors, 

residents, and disease emergence, along with practical concerns of mosquito-control that 

can limit the success of well-conceived public health programs, asking: 
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    • How are dengue prevention, control, and awareness efforts perceived in Key 
 West? 
 
    • How do residents see their roles in relation to the state and other citizens? And 
 how have these roles been developed and maintained? 
 
    • What makes it (im)possible for individuals to fully control the mosquitoes 
 around their yards? And what tensions exist that complicate these efforts? 
 

Methods  

Case study: mosquito control and dengue fever in Key West 

 Attempts at mosquito control in the Florida Keys are often traced back to Perky’s 

Bat Tower on Sugarloaf Key. It was hoped that the tower would be a haven for bats, 

providing a natural way to keep the mosquito population down. However, after the 

completion of the tower in 1929, the effort was quickly deemed a failure as the bats left 

and never came back. More extensive control measures emerged in the 1940’s through 

the application of DDT under the auspices of the Florida Anti-Mosquito Control 

Association, which ultimately developed into the Mosquito Control Districts present 

today (Patterson 2004). While the districts focus significantly on mosquito ecology and 

biology, public participation has always been a key strategy to garner support for state 

funds and given the urban nature of the mosquito (Patterson 2004). The Florida Keys 

Mosquito Control District (FKMCD), funded by local taxes, is now tasked with 

controlling the local mosquito populations. FKMCD has since developed an arsenal of 

strategies, making it a particularly comprehensive system with over 100 personnel, most 

of who are employed by the agency full-time (FKMCD n.d.).  

 The operations of FKMCD focus on three main approaches: (1) source reduction, 

involving the removal of habitat for breeding, such as standing water, (2) larval control, 
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which predominantly uses the bacteria BTI (Bacillus Thuringiensis Israelensis) and 

Spinosad along with Gambusia fish to eliminate mosquito larvae, and (3) Adult control, 

which uses BTI and sprays via trucks and aircraft to reduce adult mosquito populations. 

Additional measures involve community education through local TV and radio shows, 

school programs, outreach events, door hangers, homeowner DVDs, and surveillance 

efforts that monitor local populations via landing rates and trapping efforts. Perhaps the 

most impressive aspect of this integrated system is a comprehensive housing program 

whereby mosquito control inspectors aim to visit every property on the island several 

times a year to carry out these activities (Fig. 1). The FKMCD also has a board of 

publicly elected officials that form the board of commissioners, representing five districts 

across the Florida Keys. Two of these officials represent the city of Key West.  

 

Figure 1. A Mosquito Control Inspector meticulously combs through yards on their daily route. This involves checking 
standing water for eggs, larvae, and pupae (shown), and then removing or treating standing water as necessary. 
Inspectors also assess for adult mosquitoes. Each home on the island is visited several times a year through this 
program, with guidance given to residents.  
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 While the FKMCD is tasked with controlling mosquito populations, the Florida 

Department of Health-Monroe County is tasked with educating citizens and monitoring 

the risks of vector-borne pathogens. As explained by agency officials, their operating 

budget is significantly smaller than FKMCD and is spread across a number of domains 

including clinical services, prevention programs, environmental health, and emergency 

preparedness (inclusive of infectious disease outbreaks), requiring a strong utilization of 

education campaigns and partnerships with external agencies. During the dengue fever 

outbreak, the Action to Break the Cycle of Dengue (ABCD) campaign was a 

collaborative campaign involving multiple stakeholders to engage community and 

external partners (including FKMCD) as a way of leveraging activities beyond the Health 

Department’s capabilities. These stakeholders included government organizations, health 

professionals, non-profit and for-profit agencies. Despite the significant financial 

limitations faced by the health department, a large number of educational activities were 

used to encourage active citizen participation (Table 1).  

 

• Fliers with information on dengue symptoms for: 
    Physicians 
    General Public 
    Pregnant women 
    Caretakers of those with confirmed/suspected dengue 
• Wallet-sized Fight the Bite health information cards 
• Pamphlets on mosquito-borne disease in FL 
• Guide to FL reportable diseases for physicians 

• Newsletters 
• Stickers 
• Bottle openers 
• Fight the Bite poster contest for 5th   
      & 6th graders 
• Public powerpoint talks 
• Outreach pieces in local newspaper 
• ABCD-produced door hangers w/  
     refrigerator magnets 

Table 1. Educational outreach materials provided by health department given to the researcher 

 What emerges from the Key West case study is a highly organized and strategized 

approach for controlling mosquitoes. On the surface, given the technological capacities of 

FKMCD, the outreach efforts provided by the FDH-MC, the presence of publicly elected 
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officials, and the engagement multi-sector stakeholders through the ABCD campaign, 

appears to be a relatively streamlined approach to mosquito control. However, the 

research carried out in Key West noted important tensions. Editorials and articles in the 

local newspaper, The Citizen, highlight the dissatisfaction of local officials with the 

public’s participation in managing their yards.  

 “The percentage of homes breeding the dengue mosquito larvae was still too high 
 for the district to feel confident that dengue will not resurface. Experts look for 2  percent 
 or less as an acceptable level of breeding to hinder transmission of the potentially deadly 
 dengue disease... Homeowners need to be more diligent in getting rid of water around 
 their homes and not rely on the district to do it for them.” (Fitzsimmons 2011) 
 
From the point of view of FKMCD, the Ae. aegypti house index (defined as the 

percentage of houses with at lest one container positive for larvae/pupae) should show 

that the abundance of Ae. aegypti larvae is at 2% or less. However, weekly maps 

published in the newspaper show that this index is frequently at 15% or higher, 

sometimes significantly so. That the actual numbers are much higher is suggestive that 

residents aren’t maintaining their yards.  

 In light of the very comprehensive outreach programs put together by the 

FKMCD and FDH-MC, and the public’s participation through elected mosquito board 

commissioners, it must be asked then, what exists beyond basic knowledge of mosquito 

eradication techniques that enables or constrains individuals to control mosquitoes around 

their yards, and what is the implication of this for health programs and future research? 

Data Collection & Analysis  

 A total of 30 semi-structured interviews were conducted with residents and 10 

semi-structured interviews with FKMCD and FDH-MC officials. These interviews were 

conducted during the summers of 2012 and 2013. The resident recruitment process began 

by visiting with homeowners and making contacts in each neighborhood by explaining 
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the project. Those interested in the study were then contacted, typically via email or 

phone, with additional study details and to set an interview. The main goal was to ensure 

a distribution of residents across the island, as certain areas have distinct ecologies that 

have been thought to be more or less conducive to mosquitoes. Therefore 1/3 of the 

residents were from the Bahama Village, Old Town, and New Town areas each. These 

represent major established regions of the city as recognized by residents and a range of 

socio-ecologic factors, with New Town consisting of newer homes with air-conditioning, 

lawns, and a greater distance between houses. Bahama Village and Old Town 

(technically Bahama Village is a subset of Old Town) consist of historic homes that are 

densely located with much tropical vegetation (Fig. 2). However, Old Town is home to of 

many of the wealthier residents on the islands, while Bahama Village has lower-income 

residents. Old Town, particularly the area around the Key West Cemetery is the part of 

town the outbreak was predominantly associated with.  

 

Figure 2. Location of Key West in relation to the state of Florida, and the three areas of Key West 
(polygons labeled 1, 2, 3) from which interview participants were selected.  
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 Most interviews lasted between 35-40 minutes, and all but five were conducted at 

the home of the participant. The interviews were designed around 3 main themes: (1) 

recall, perceptions, and explanations of the outbreaks; (2) state/citizen responsibility; (3) 

control methods used in the yard and by authorities. After explaining the research project 

and obtaining consent, the interviews began by asking participants to describe what they 

recalled during the outbreaks. This was done to get an initial sense of participant recall 

before additional questioning. A more focused conversation followed specifically on 

resident perceptions of the outbreak, its causes, and risks. The next set of conversation 

revolved around how residents understood their responsibility for mosquito control, and 

the roles of state agencies, neighbors, and other actors. The final set of questions focused 

on resident views of actions taken by local authorities to control mosquitoes (such as 

education, insecticide, house inspection programs, in addition to proposed initiatives such 

as the sterile male release). The interviews concluded by asking residents to walk with 

the research team through the yard and point out the specific activities they perform to 

deal with mosquitoes, as well as any particular problem areas. This was modeled after 

Caprianos’ (2009) methodology in health geography research that shows walking through 

spaces with participants can provide different and more detailed answers than simply 

asking questions, and has been useful in understanding mosquito control in other contexts 

(vonHedemann et al. in review). Notes were also made, with the permission of the 

homeowner, on the types of vegetation, habitat, and basic housing characteristics with the 

help of a field assistant.  

 After each interview, both members of the research team wrote summaries, which 

were stored with the associated documents from the interview. The recorded interviews 
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were transcribed and filed according to their identification numbers in preparation for 

data reduction. Following Berg (2001), an initial systematic indexing of the transcriptions 

within three major topics was performed: (1) recall/outbreak explanations, (2) 

State/citizen responsibility, and (3) Resident Actions and Personal Protective Behaviors. 

A set of open-coding sessions was then conducted to highlight subtopics for each of the 

three major topics, focused on ideas expressed by participants represented by phrases. 

These phrases were visually displayed on sheets for groupings and tallies. This allowed 

for assessments for common thematic patterns, with themes being described as ideas 

expressed by at least three individuals. The lead researcher conducted the data analysis. 

However ongoing discussions about initial patterns apparent in the data and the processes 

of the collection and analysis were held between the researchers to allow space for 

critical discussion and reflection. The results of the analysis as they related to the overall 

questions of this research paper are outlined as key findings below.  

Key Findings 

Whose job is it anyways?  

 One might expect a program with a specific Mosquito Control tax to be associated 

with citizens holding expectations for state work and little active participation. While 

mosquito control workers described that some residents do hold that attitude, the reality is 

more complex. In practice, residents have highly spatialized expectations for mosquito 

control, far from being a concern left only to state entities. While some were critical of 

how their taxes were spent, only one participant interviewed felt that this relieved them of 

any responsibility for controlling mosquitoes. Most residents reported that mosquito-

control was a “joint responsibility”, and reported a strong sense of personal responsibility 
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for their own property. The perceived roles of state agencies were to manage large-scale 

operations such as spraying, and monitoring of yards and mosquito populations. Clearly 

stated, one participant told me, “I think it’s a joint partnership, I really do. The 

government can’t come in and deal with the cup of water I have laying around. That’s my 

responsibility. Same goes for my neighbors.” Another said, “I’m responsible for making 

sure there’s no pockets of water here, and they’re responsible for the spray, you know, or 

any other federal initiative that might take place”. The boundaries of these 

responsibilities were clearly delimited in residents’ minds, whereby state officials were 

responsible for mosquitoes in public spaces, but shared joint-responsibility for private 

space. The county was expected to care for spaces out of the control of the individual. 

 In the private space of the yard, residents felt they had primary duty for the daily 

and regular maintenance, with sporadic visits by the mosquito control workers to offer 

additional assistance for more troublesome areas (such as by adding BTI to pooled water 

inside of air conditioning units), and the aerial application that landed in yards. Therefore, 

residents predominantly viewed the assistance of state authorities to be of adding product 

to their yard, rather than desiring their labor to physically remove standing water. This 

primary responsibility for managing private space was rooted in two important 

explanations. The first was its feasibility, as it would be impossible for vector control 

workers to visit houses frequently enough to treat larval breeding sites. This was 

reinforced by FKMCD, as it would require a vastly larger operational effort to visit 

homes regularly enough to regularly interrupt the mosquito’s gonotrophic cycle.  
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 The second is because it is associated with being a good citizen in Key West, as 

the control of mosquitoes in Key West was understood as a ubiquitous responsibility. As 

one resident expressed,  

 “We’re so well trained in Key West about mosquitoes and hurricanes, it’s just like 
 second nature, man it’s true. When it rains, just make sure there’s no standing 
 water... We turn up everything. It’s the first thing we do after it rains, I cut the 
 grass... and anything with water, I pour it out. And it seems to be working, and all 
 my neighbors do the same thing.”  
 
However, there was an expectation that Mosquito Control would intervene in neighbor 

spaces directly. One participant said,  

 “The property owner is primarily responsible, to the degree that they can be. But 
 there are restrictions to the property. I can’t be responsible for their property 
 (gesturing at neighbor’s lots) even though their mosquitoes affect me, so then I 
 have to defer to the county because they’re set up for us to pay a part of our 
 property tax to that”.  
 

  These expectations expanded to the lots of neighbors, and residents regularly 

explained that they or those they know call mosquito control directly to deal with their 

neighbor’s mosquito problems. As one participant explained, “I kept saying ‘why don’t 

you (Mosquito Control) look next door, it looks like there’s plenty of places over there’ 

and they finally did and that’s where they’re coming from.” Another said, “If the 

mosquitoes are bad, I’ll call in on my neighbors.” One resident recounted speaking with 

friends living in Old Town who had a large number of seasonal neighbors, saying “they 

had so many problems with mosquitoes at those houses, they were always calling 

mosquito control in, though I think they were just being chicken about talking to their 

neighbors directly.” The control of mosquitoes in Key West was understood as a 

“community effort”, with the eradication of breeding sites around the home being an 

important component of a good neighbor.  
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 Similarly, it was expected that neighbors would take care of their property, but in 

the event that they didn’t, it was viewed as Mosquito Control’s job to do so to protect the 

general area from mosquitoes. In terms of Mosquito Control access to property, most felt 

comfortable with agency workers entering their premises, to the extent that several said 

they told them where spare keys were so they could enter through gates.  However, it was 

explained that not all residents were willing to open up their yards for purposes of 

mosquito control, or make accommodations for their highly secured premises. It was 

suggested by some that these individuals were presenting a risk to their neighbors.  

 Specific yard habitats were also associated with the proliferation of mosquitoes 

and the contraction of dengue virus. As one resident recounted,  “there’s a lot of finger 

pointing. My friend that got dengue, her neighbor’s whole yard is gorgeous, with orchids 

and sprinklers, and she’s just sure he’s the guy responsible for the mosquitoes and dengue 

in Key West”.  Another told me, “I was at a party and a couple of people got dengue 

because the property right behind had a cistern with standing water and there was huge 

mosquito breeding going on.” As these accounts demonstrate, mosquito risks associated 

with neighbors were not just limited to specific houses or yards, but to particular 

ecological spaces on those properties. Other neighbor breeding sites reported included 

clogged dishwasher drains, old wells covered with tarps, an old washing machine with a 

filled tub, coy ponds with motors that frequently lost power, trashcans left out by 

landscapers, cisterns, and neglected pools, in addition to more common sources such as 

children’s toys and garden accoutrements.  

 Not only are residents highly aware of local breeding sites, but such familiarity 

with these spaces results in pressure exerted on these individuals to reduce larval habitat. 
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Many residents recalled direct conversations with neighbors about perceived mosquito 

problems, encouraging them to reduce larval habitat. One explained, “I’ll hound my 

neighbors, if I see them not doing something, I’ll get after them. Of course they lie and 

say ‘oh yeah, we flush the bromeliads out every week’ and then they’re gone for four 

weeks. So they’re lying and I know that.” The Coconut Telegraph, the colloquial name 

for word-to-word gossip on the island, was also invoked, “Everybody knows everybody. 

We’re a small little place. And if we get the word about somebody’s house, we’re like, 

‘clean up your rain gutters!’” Not only have residents of Key West internalized and acted 

upon their responsibilities for maintaining their yard spaces, they also surveille and 

intervene in neighbor’s spaces.  

 When asked about the implications of surveilling or calling Mosquito Control on 

neighbors, some participants noted negative consequences on their relationships. One 

described an older neighbor with clogged kitchen drains in the yard next door that created 

mosquito problems for the adjoining properties. She called Mosquito Control to visit the 

house because she did not want the neighbor to interpret her concern as “calling her a 

slob” or “a race and class issue, rather than a mosquito problem.” Another resident 

recounted speaking to a neighbor about their unmaintained Jacuzzi that was breeding 

larvae, noting that the relationship between them has been strained ever since, saying,  

 “I finally talked to her about it, since it bordered my fence and I have a major 
 mosquito problem here, so I’ve always associated it with her. She emptied it out 
 but was a bit defensive. I think anytime you tell someone you looked in their 
 backyard, they’re going to get a little defensive, and it’s been somewhat awkward 
 with her since then.”  
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The underlying assumptions about caring for the yard and judgments about its 

maintenance are apparent, and as this quote demonstrates, the surveillance of neighbors is 

not always appreciated.  

 The direct intervening presence of the state, neighbors, and expectations of 

community participation encourages residents to clear mosquito habitat in visual ways. 

Several residents recalled cleaning up their property quickly when they saw Mosquito 

Control in the area. Similarly, a resident in a public housing complex made it a point to 

dump standing water before weekly checks from the housing inspector, noting he felt that 

his complex presented a larger dengue risk to the island because mosquitoes “like 

poverty”. Others were concerned about being labeled as a “mosquito breeder”. “I’d really 

like to host BBQ’s here” one participant said, “but I don’t because I don’t want to be ‘that 

guy with the mosquito problem’. It’s embarrassing and people talk about it and know 

who has them and isn’t taking care of their yard”. There was a noted concern associated 

with being a problem house, and therefore some made efforts to clean their yards to avoid 

being labeled as such. 

 The result of such extensive neighborhood surveillance undoubtedly has both 

positive and negative outcomes. Such surveillance was a tactic for getting individuals to 

maintain their yards or encourage neighbors to do so. While this can reduce mosquito 

populations for some, others felt embarrassed to be a “problem yard”. One participant 

said, “I know we’re a problem house. Mosquito Control comes and helps, and they’re 

very nice about it… but I mean, I feel like we’re a special needs family... and I don’t 

want to danger the neighborhood”. She went on to explain that her mosquito problems 

were caused by having multiple generations in the same house, and not having the 
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economic resources available to adequately store all of the family’s belongings, resulting 

in many objects staying outside and collecting water. The reason she identified so deeply 

as a “problem house”, however, was due to her belief that “no one else on the island lives 

like this. If you have pride in where you live, you don’t let this happen. You don’t breed 

bugs and diseases.” While her situation was not as unique as she believed, it demonstrates 

the ongoing associations of disease and contaminations, and how perceptions are linked 

in such ways and cannot necessarily be untangled from larger concerns of the yard.  

 

Resident awareness and actions  

 All of the participants interviewed for this study were knowledgeable about basic 

mosquito breeding sites and personal protective behaviors. Most reported regularly 

practicing at least some of these actions (three reported taking no actions around their 

homes because they had no mosquitoes). Regarding larval habitat, nearly all of those who 

reported taking action did so by dumping containers that held standing water, such as 

pots, buckets, toys, pet bowls, and trash receptacles. Many also reported drilling holes in 

some types of containers. This practice was particularly common for recycling bins, 

which had holes placed in them by the county, but were located too high prevent small 

amounts of standing water from pooling at the bottom of the container. Vegetation 

changes were also commonly reported ways to modify mosquito habitat through the 

maintenance and removal of bromeliads and leaves, and the trimming of vegetation. 

 Residents with ponds reported using Gambusia fish (provided by FKMCD) to eat 

mosquito larvae. To protect from being bitten, many of the residents reported keeping 

doors/windows shut, using repellents, and wearing sleeves outside.    
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 While the effectiveness, frequency, and selection of the measures noted above 

varied amongst participants, it was apparent throughout the interviews that residents were 

actively involved in further maintaining the yard in site-specific ways.  One family 

attempted to deal with the abundance of containers in their yard by covering a large 

collection of belongings outside with a tarp, but noted that rain managed to fill the 

containers anyways, producing a large number of mosquitoes in their yard. This same 

family placed large fans in the doorways to keep mosquitoes from breaching the inside of 

their home. Other homes used mosquito traps and fogging devices in the yard to try to 

lower the population around their residences. Another participant described how their 

household has taken it upon themselves to clear standing water that gathers in home and 

garden items left in a communal alley space behind their home to reduce breeding 

habitat. While the space technically belongs to the county for utility maintenance 

purposes, the participant explained that it had become a shared “dumping ground” for the 

surrounding neighbors to store belongings.  The approaches residents took to manage 

mosquitoes in their yards expanded beyond basic public health recommendations, and in 

many cases were designed to be specific to the problem in their yards.  

 While residents were active and knowledgeable about breeding sites in their 

yards, Ae. aegypti nevertheless remains a problem in Key West. This is reflected both in 

the participants’ responses, and the FKMCD larval habitat maps that show higher than 

desired abundance levels across the island. Therefore, limitations to individual 

participation are also necessary to consider.  In the following sections I address the 

challenges residents voiced when trying to control mosquitoes around the yard, as well as 
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external factors and support systems that encourage or enable residents to take action 

when they otherwise might not. 

 As previously discussed, the maintenance of home and yard spaces was important 

to residents for reducing larval habitat and exposure to mosquitoes. Nevertheless, 

residents voiced important concerns that limited the success of these actions. One 

surprising limitation that emerged from several interviews was perceived restrictions due 

to city housing or vegetation codes. For example, one resident noted that mosquitoes 

were a problem around her home and that they frequently entered through the windows, 

but she was concerned about her financial ability to update her windows and screens in 

“historically accurate” ways. As she said,  

 “My windows don’t all close, but building code is very strict. The windows and 
 screens have to be wood. And I have 17 windows on my house, so it’s not cheap. 
 I understand they want to keep the character of Old Town, but it’s kind of 
 overboard at the moment”, and she went on to say, “Most people living here are 
 already working three jobs to afford the cost of living, myself included. I just 
 can’t afford that”.  
 
The struggle to afford the cost of living on the island, and the necessity of having to work 

multiple jobs to do so, was something that came up regularly with participants.  

  Other residents cited concerns about city-enforced regulations on vegetation 

around the home, and the perception that lush vegetation must be kept intact around the 

property to maintain a tropical image. For example, one resident cited a specific set of 

trees in her yard that she felt was contributing to her mosquito problems by creating a 

cool and shady habitat for the adults to rest during the days. However, as she described  

 “the city won’t let us cut those trees down any more than what they are. They 
 have to give permission, and after they give permissions there’s only a certain 
 amount because this house is a historic landmark, so we’re under regulation...and 
 I don’t want to be fined.”  
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Another participant, who also felt vegetation created abundant mosquito habitat in her 

neighborhood said,  

 “you can’t cut it [vegetation] down unless you have a permit, and if a neighbor 
 sees you cutting and wants to tell on you, you’re going to get fined. And 
 housing too...and especially downtown you fall in a historic district... That’s 
 where the tourist trolleys go, and they want it as historically accurate as possible.” 
 
 Such regulation was viewed as an important factor in the historic, tourist-centered parts 

of the island.  

 The city, of course, is not the only actor concerned with maintaining vegetation 

for specific purposes. Several residents were well aware that the active gardening choices 

they made around their homes were also conducive to mosquitoes. One participant 

pointed to a collection of orchids, stating that they were a point of contention among 

family members. However, she noted that getting rid of them was not an option; despite 

the trouble the household had keeping the saucers underneath from breeding mosquito 

larvae. The reason, she explained, was that the orchid collection used to belong to a now 

deceased family member, and is maintained by other residents of the household in that 

individuals’ memory. This important fact outweighed the risk of mosquito breeding in the 

minds of residents of that household. As the participant explained, “the thing is, that these 

recommendations don’t take into account that someone just isn’t going to get rid of their 

orchids”, and shows the important social context of particular ecological features of the 

landscape that hold deep meaning which can not be solely reduced to mosquito risk.  

 Bromeliads, a type of plant common in the tropics, were another major vegetation 

concern. The shape of the plant allows water to pool inside, allowing a protected space 

for mosquitoes to lay their larvae (Fig. 3). Practically, this means that the bromeliads 

must frequently be flushed (either by pipetting out the water, or spraying them down with 
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a hose- both measures taken by some residents). However, in practice, a common 

response was that it was just too much work to stay on top of bromeliads. While one 

participant had gone so far as to remove all bromeliads from their yard, others felt that 

they were ubiquitous with the tropics and the tropical lifestyle associated with Key West.  

 

Figure 3. The above picture shows a Bromeliad, a common plant found throughout the Keys. The center, or “tank” of 
the Bromeliad catches and holds water, capable of breeding mosquitoes if left long enough.  
  

 The notion of a “Tropical lifestyle” was mentioned frequently in relation to 

mosquitoes and control. Residents describe this as the “indoor-outdoor” nature of living 

in The Keys, where windows and doors are frequently left open. A common refrain from 

residents was that if they couldn’t live that like, then “we may as well not live in the 

Keys”. Further, the general climate of the island was understood to be a major contributor 

to both mosquito populations and the dengue outbreak. It was, to an extent, expected that 
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mosquitoes come with living in Key West, and must be tolerated. Nearly every 

participant viewed mosquitoes as a part (albeit annoyingly) of a local ecology. In such a 

case, it isn’t that residents are unwilling to actively reduce mosquito populations; it is that 

residents view eradication and elimination of the bugs as highly unlikely.  

 Other concerns raised by residents, though not as frequently as those previously 

mentioned, include the lack of garages to store water-collecting items, mobility concerns, 

and a lack of delineated responsibility for mosquito control around the home. Various 

sets of social relations were also vital for maintaining the yard in ways that prevented 

mosquito breeding. For elderly or individuals with limited mobility interviewed, neighbor 

networks were particularly essential for this. One woman told me that she rarely leaves 

her house and relied on her next-door neighbor to take care of her property for 

mosquitoes. This was particularly important because while she noted that mosquitoes still 

found a way to get into her house, they would be much worse without that assistance. 

Other residents interviewed described caring for a neighbor’s property (either elderly or 

seasonal), both for the neighbor’s well being and for their own. Some residents also had 

paid landscaping teams that maintained their yards and were responsible for the labor of 

eradicating mosquito sites. For example, one landscaping crew was observed flushing out 

the bromeliads for larvae. This was particularly important for those unable to care for 

their yards themselves, whether due to health concerns or their absence during the 

summers, provided they had the economic means to afford such help. This brings up 

important questions of who is doing the labor of mosquito control, and who has access to 

these resources in the event that they are unable to take care of habitat on their own. 
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Dengue outbreak and response perceptions  

 Despite the ongoing abundance of mosquitoes in Key West back yards, most 

participants were generally satisfied with the County’s control activities. Nearly all of the 

residents interviewed felt that the sprays used were a necessary part of mosquito control 

on the island. A common refrain heard was, “It would be impossible to live here if they 

didn’t spray!” While the satisfaction of such an approach was evident, residents were 

somewhat skeptical about its safety, questioning what long-term health and 

environmental impacts might be. Nevertheless, it was generally held that the suppression 

of mosquito-borne disease outweighed potential long-term risks from exposure. Opinions 

were more mixed regarding the proposed release of sterile male mosquitoes as a possible 

control strategy. This mixed public opinion has been documented elsewhere in large-

scale island surveys, as well (Cobb 2013a; Ernst et al. 2015). Those in favor of a GM 

release viewed it as more environmentally friendly, as it would reduce reliance on 

pesticides. Those opposed to the release were concerned about long-term ecosystem 

consequences of genetically altering mosquitoes, including the creation of “mutants” and 

impacts on species that feed on mosquitoes. Most of those opposed were generally weary 

of “messing with mother nature”, but important concerns about regulatory backing and 

oversight were also raised by a number of participants. It should be noted that while there 

has been a good deal of discussion about this release, several residents interviewed felt 

they didn’t know enough about the release to have a strong, informed opinion.  

 While the current tactics deployed by local agencies were generally well received, 

or at least deemed necessary by residents, there was a general skepticism present 

regarding the release of dengue-related information during the outbreak.  Residents 
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recalled that while basic information was accessible, many were concerned that the 

general outbreak was downplayed due to a privileging of the island’s tourist economy. 

One recalled a very “hush-hush” feeling around the situation. From the perspective of 

local agencies, they were walking a thin line between sharing the necessary information 

and being accused of over-hyping a situation that would have negative impacts, notably 

on tourism. As one agency official explained, “There was at least one media outlet that 

accused us of hyping the situation and exaggerating it. That was the attitude of the media 

at the time. That we were exaggerating it.” Another recalled getting calls from scared 

tourists who were debating cancelling their vacations plans, particularly as media 

coverage of the outbreak gained regional and national coverage. As one individual 

explained, there was concern that the island would become unfairly stigmatized by 

dengue; similar to the impact the stigmatization of HIV/AIDS with the gay community 

had on the island during the 1980s.  

 While residents were critical about how the outbreak was communicated, many 

simultaneously held the same concern. The following three quotes from different 

residents highlight this more fully, with many participants echoing similar sentiments.  

 “For dengue they kept it contained and quiet, because they didn’t want, in my 
 opinion, a bad blemish on the island. And in some ways it’s good, because during 
 the summer time it’s very hard here on the economy… (tourism) is our main 
 industry, so our city depends on it.” 
 
 “It’s scary for the people, and also for the community, and also our industry. 
 Everybody was worried but nobody liked to talk about it, it was like a little taboo. 
 Because we depend on tourism. Something like this [dengue] could switch our 
 economy from one day to another.”  
 
 “One of the problems, because we are a tourist destination, is we can’t say ‘oh 
 we’ve got dengue’ because everybody would go broke! Especially in the summer 
 time, we get Florida tourists that just come down for the weekend, and it really 
 helps the economy down here.”  
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The Health Department and FKMCD did provide significant outreach materials through 

the Action to Break the Cycle of Dengue Campaign. The outreach efforts of the health 

department, in particular, were limited due to budget constraints. As a result, they made 

significant efforts to partner with other agencies to provide public health and preventative 

information to residents on the island and are outlined in table 1. Despite these important 

efforts, trust in the motivations of city leaders is no doubt concerning in the event of a 

future disease outbreak, whether founded or not. 

 While it is not possible in this paper to adjudicate these concerns, it is important 

to recognize that they stand to complicate the already interdependent relationships 

between local agencies and the public.  While it was regularly stated the mosquito and 

dengue control on the island is a “joint-responsibility”, there nevertheless remains 

skepticism and tension amongst the major actors. The ecology of Ae. aegypti and dengue 

control is inherently political.  

 

Discussion 

 There is a growing need to understand the successes and limitations to community 

dengue control programs. Dengue control within the US remains particularly 

underexplored, given the lack of transmission in the recent past. Stemming from the 

understanding that state actors hold different vector control philosophies and approaches 

within the US (Robbins et al. 2008; Shaw et al. 2010; Tedesco et al. 2010), attention to 

local programs and contexts are warranted.  

 Emerging from the results of this research I expand upon the following points. 

First, residents have internalized and practice mosquito prevention measures around their 
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home, with additional expectations of not only state agencies but also other residents. 

Second, a lack of resident action should not necessarily be conflated with a lack of 

education or interest in mosquito control. Finally, the first two points, in conjunction with 

perceptions of control and information provision, are key for understanding the 

relationships between various actors tasked with mosquito and virus control in Key West.   

 Residents of Key West held high expectations for individual control on their 

properties, like those in the Pima County example (vonHedemann et al., n.d., in review), 

however, there were additional expectations for state intervention on their property, 

which also expanded to their neighbor's yards. The structure of local control programs 

may help to explain such a difference. As explained by FDH-MC, limited resources 

required the formation of public and private partnerships to form the Action to Break the 

Cycle of Dengue Program, specifically encouraging community participation in Ae. 

aegypti suppression. Citizens are expected to manage their yard spaces, and as 

participants explain, hold such expectations for other residents. This responsibilization is 

maintained through various forms of surveillance that operate on the island, both by 

neighbors and local agencies.  

  At a theoretical level, such actions highlight the effectiveness of the citizen 

responsibilization tactics at the core of the “new public health” (Peterson & Lupton 

1996), even if such responsibilization fails to produce the desired results. Key West does 

not use any forms of direct punishment, such as fines. While the mosquito control report 

cards essentially grade residents (Fig. 4), there is no punishment associated with not 

passing a control inspection other than follow-up visits. When asked about the use of 

fines, the district reported that they have no plans to fine residents, despite views of non-
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compliance. It is “softer” tactics, through surveillance performed by state actors and 

residents that, in concert with responsibilized actions, operate to encourage participation. 

Further, while the Mosquito Control Inspectors have a visible presence on the island 

(their trucks can be seen driving around multiple times per day, Fig. 4), in practice they 

only visit any given house a few times per year. It is often neighbors survielling each 

other to address mosquito problems, or alerting state agencies to breeding sites. Residents 

not only take-up such work for controlling mosquitoes in their own yard, but for 

assessing risk across the island.  

 

Figure 4. Two examples of materials used to encourage citizen participation: Resident Inspection Report (left) and 
signage on County vehicles (right). The inspection report reads “YOU PASSED! Personnel from the Florida Keys 
Mosquito Control District visited your premises today to search for the dengue vector, Aedes aegypti. No infested 
containers were found. Congratulations on doing your part to control the spread of dengue fever in the Florida Keys. 
Keep up the good work. Together we can beat dengue” or “OH NO! Personnel from the Florida Keys Mosquito Control 
District visited your premises today to search for the dengue vector, Aedes aegypti. Unfortunately infested containers 
or adult mosquitoes were found. Please see the yellow door hanger for more information regarding what mosquitoes 
were found and where they were found. Controlling the spread of dengue requires that you do your part to stop the 
breeding of mosquitoes in the Florida Keys. The biggest step you can take to help is to maintain a mosquito-free 
premises. This includes emptying containers that can hold water and reporting adult mosquitoes to the mosquito control 
office. Personnel from the Florida Keys Mosquito Control District will visit again to check on your progress. Please do 
your part to control the spread of dengue fever in the Florida Keys. Together we can beat dengue.” 
 
 In Key West, responsibilization is further achieved, in part, by a vast number of 

outreach materials available from the local health department stressing individual 

participation (Table 1). The expectation and practice of mosquito control inspectors and 

neighbor/citizen surveillance furthers these practices. Residents are not only familiar with 
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their own breeding spaces, but also those of their neighbors and are often willing to 

actively intervene, maintaining such a program. That people blame neighbors for 

mosquito problems or they themselves felt that they were a source of problems for their 

neighbors was evident. While this can be productive in securing assistance for some, such 

as those unable to care for their own properties, it can also be linked to more negative 

connotations and internalizations of blame and blame of others. This was evident in the 

ways in which participants spoke of risks associated with specific yards, and the concern 

voiced by participants about their yards being considered a source of breeding or disease. 

Fortunately in Key West there have been no locally acquired dengue cases reported since 

2010. Therefore, unlike blame for mosquitoes, disease-specific blame is currently less of 

a concern. However, these results suggest that the ways in which blame is appropriated in 

dengue outbreaks is important, as it is tied to specific ecological characteristics. This may 

be a concern in future epidemics.  

 Despite the current successes in controlling dengue, Ae. aegypti remains a 

problem on the island, a concern echoed by both citizens and local agency personnel. 

However, as this research shows, this is not necessarily due to a lack of action on the part 

of residents; although some surveys show that there is indeed a need for additional 

education programs on the island (Matthias et al. 2014). By viewing mosquito 

management within the yard as embedded in a complex web of ecological perceptions 

and decisions, a more detailed view emerges regarding mosquito control. The decision to 

control for mosquitoes around the yard is not just a function of being educated on how to 

dump water and knowledgeable of the risk of disease. To assume as such misses the 

detailed and ecologically specific actions residents are taking: such as changing their 
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landscapes, hiring assistance, placing fans towards doorways, home-made traps, and 

drilling holes in buckets. Most of those interviewed were doing some of these actions in 

addition to being knowledgeable about the basics of mosquito ecology and disease 

transmission.  

 The decisions to maintain the yard for mosquitoes do not exist in a vacuum. 

Rather, they are bound up in ideals about what a yard should look like, (perceived) 

regulations governing housing structure and vegetation, physical ability, and 

interpersonal dynamics within the household. In the case of Key West, citizens are tasked 

with managing yard spaces in a climate and ecology that supports a large range of 

vegetation. At the same time, they actively cultivate and manage dense, shady habitats 

that also provide habitat for mosquitoes. Many of the residents interviewed recognized 

this contradiction, but viewed the mosquito as a necessary sacrifice to have the type of 

garden spaces they desired. Further, the notion of the quaint, tropical home is one 

important to the image of Key West, and ultimately the economy of an island that relies 

heavily on tourist dollars.  

 Some of this will come as little surprise to local actors in Key West, who are well 

attuned to the challenges that residents face on the island. However, the results do suggest 

several actionable concerns. First, the city should consider the ways in which local codes 

may be impacting mosquito ecologies. If residents have misperceptions regarding how 

existing codes impact their abilities to control for mosquitoes, this should be better 

articulated. City plans that do not take mosquito ecology seriously can end up 

perpetuating outbreaks (Willott 2004; Mulligan et al. 2012b). Second, while recognizing 

the benefits of community participation programs, it is also important to question the 
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repercussions for those who do not or cannot comply, including and especially with 

regards to their neighbors. If neighbors are blaming others for their mosquito problems, 

or are labeling themselves as health risks to others, what are the implications of this? 

Who is being blamed, and why? And how does this line up with actual realities of 

mosquito ecology? Thirdly, and related, the tension between the provision of information 

and the tourist economy should be considered closely. While participants were similarly 

concerned about the economic impacts of dengue outbreak, a lack of trust in state 

authorities in other contexts has resulted in citizens distancing themselves from these 

entities (vonHedemann et al. in review n.d.), which can result in poor participation and 

outcomes during outbreaks (Whiteford and Hill 2005). Compounded with suspicions of 

neighbors this may, paradoxically, have negative outcomes on future community-based 

programs. 

 Finally, many residents appear to have different ideals of what, exactly, goal aim 

of mosquito control in Key West is. While FKMCD aims to reduce larvae down to 2%, 

many of the interviewees expressed a general acceptance for the presence of mosquitoes 

in Key West. This should not be interpreted as not desiring any state or community 

intervention. On the contrary, almost all of the residents interviewed were happy with the 

control efforts put forth by the County, with many stating things along the lines such as, 

“We couldn’t live here if they didn’t do the type of mosquito control they do here, it 

would be too awful.” But as more control technologies become available, such as aerial 

spraying, genetically modified females, drones for monitoring habitat, some residents are 

beginning to question the need for such techniques, while specifically preferring some to 

others. The question of management versus eradication and the goals of the community 
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should be central to discussions moving forward. Local actors in Key West have devoted 

significant resources in an attempt to increase citizen awareness and action (see table 1), 

and this should be commended. At the same time, as the WHO assessment at the start of 

this paper highlighted, the continued development of outreach materials does not 

necessarily lead to desired individual change. In the case of Key West, the residents 

interviewed were aware and well educated on mosquito control, which suggests that such 

programs were received but alone not enough to combat mosquito problems on the 

island, but are nevertheless important. 

 That Ae. aegypti continues to exist in Key West, despite a very comprehensive 

program makes this an important case study for the southern US more generally. 

Although dengue has been constructed as a disease limited to the poor areas of tropical 

countries, recent research and epidemics are challenging this notion. With the expansion 

of Ae. aegypti throughout the southern United States, and projections that the region may 

become for suitable for dengue transmission more generally (APPENDIX A), dengue 

ecology can no longer be thought of something that exists elsewhere. Further, it 

challenges us to consider the fact that Ae. aegypti and the DEN virus, like other non-

humans, may evade control programs, despite our best attempts (Del Casino et al. 2014).  

 What ultimately emerges out of this research is that Key West is not an aberration 

of a disease that has accidentally shown up outside the neatly confined boundaries of 

“neglected tropical disease.” Rather, the subtropical city of Key West actively produces a 

mosquito landscape beneficial to transmission. This mosquito landscape is produced at 

the interstices of efforts, which despite the best intentions of residents, health, and vectors 

control agents remain to support Ae. aegypti.   
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Limitations & Future Work 

 There are several important limitations to note. First, as with all forms of research 

asking residents to recall their actions, they may have overstated some while omitting 

others. While walking through the yard with residents was meant to address this, it 

remains a concern. Second, the relatively small sample size makes generalizing across 

different populations on the island difficult. However, the intended goal of this work was 

to investigate resident understanding and behaviors more in depth and in ways that add to 

several already existing quantitative assessments. It should also be noted that recruiting 

participants was a challenge for two important reasons. The first is that many residents on 

the island work several jobs and often reported being unavailable, particularly those 

working in the tourist industry at night. Second, several large island surveys about 

dengue and mosquitoes have been conducted over the years since the outbreak, including 

from local and federal agencies, and academic researchers. There was a noted fatigue 

amongst some residents about participating in additional dengue-related research. This of 

course may have impacted who was willing to participate. Nevertheless, the interviews 

conducted represented spanned low, middle, and high-income areas on the island, as well 

as age and gender groups, allowing a large range of views and experiences to be 

explored.  

 Future research should focus more on the geography of this knowledge; in 

particular how of controlling mosquito habitat vary across the island. Because the work 

of city codes emerged out of this research, additional work should also flesh out more 

explicitly the ways in which codes and standards influence decision yard maintenance 
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and mosquito abundance. A deeper understanding of how geographies of blame operate 

within the US in regards to emerging “tropical” infections should be explored.  

 Finally, while the methodological approach taken was focused on the yard habitat, 

many interviewees made mention of spaces inside their homes where they are regularly 

bitten or have been breeding sites for mosquitoes. Following the call of Biehler & Simon 

(2011), the inside spaces of the home as part of an active ecology should be considered, 

rather than simply a place to retreat from the insect. While this paper did not explicitly 

consider the indoor space, the interviewees did. Considering both the indoor and outdoor 

space of residents, as highlighted by Biehler & Simon (2011), is particularly critical as 

we broaden our understandings of dengue ecology.  

 

Conclusion 

 In the case of Key West, Florida, residents have internalized responsibility for 

mosquito control, and expect participation in such activities from the state as well as 

other citizens in terms of the management of individual yards. Residents and local actors 

further surveille others’ habitats and intervene in mosquito control as necessary. 

However, despite such active control and the abundance of information on mosquitoes, 

not everyone does or is able to take necessary action. In these cases the interviews 

evidenced cases of blame. Further, the larger context of control and emergence should 

not be overlooked, as evidenced by the skepticism held by many residents towards state 

entities. This may challenge initiatives in the event of future outbreaks. By understanding 

what exists beyond knowledge in influencing resident action, we can better understand 

the more detailed choices residents make about their yards and their health.  
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 The factors complicating mosquito ecology described in this paper are not 

intended to be finite. Instead, the purpose is to demonstrate the complicated nature of 

mosquito control as questions of mosquito-borne disease re-emerge in the United States 

after decades of assumptions that they had been virtually eradicated. Further, mosquito 

control can differ vastly in its orientations and successes across counties and management 

districts. In the case of Key West, despite a comprehensive and well-funded mosquito 

control program and educated and active citizens, the city still fails to see Ae. aegypti 

numbers below the ideal 2% larval index necessary to minimize the risk of dengue fever. 

Despite the best intentions of both the state-led programs and citizen maintenance around 

the yard, a gap exists, or is perhaps created, that allows for a continued ecology that 

supports Ae. aegypti. The mosquitoes thrive here, not as a fluke of the global habitat, but 

because Key West itself provides an adequate ecosystem.  
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