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ABSTRACT 

This dissertation is comprised of three papers that address broad theoretical issues 

surroimding the prevention and control of dengue outbreaks through the study of the 

2001-2002 dengue outbreak in Hawaii, centered on Maui, and spread hy Aedes 

albopictus. In the first paper, sub-island precipitation variability is examined, and the 

relationship between Hawaiian precipitation and the El Nino-Southem Oscillation is 

explored. The results are applied to the second paper, a study of mosquito habitat across 

the islands that addresses mosquito control and dengue prevention. The prevention of an 

outbreak is strongly influenced by the control of mosquitoes particularly near homes, and 

the more thorough understanding of dengue-climate relationships elucidated in this study 

outlines areas in which mosquito control efforts should be concentrated. Also, the 

development of an improved conceptual model for the examination of the relationship 

between climate conditions and mosquitoes will serve to improve foture studies. The 

third paper explores stigmatization that may occur during a dengue outbreak. The 

stigmatization of those with dengue or those living in an outbreak area can undermine 

disease control efforts if the ill are hesitant to seek medical care out of the fear of 

negative repercussions from uninformed residents. The results of this dissertation 

contribute to the overall understanding of dengue prevention and control, and are 

applicable to Hawaii as well as other potential outbreak locations in which the Aedes 

mosquito is present but the virus has not yet been introduced such as the southeastern and 

southwestern United States, and tropical and sub-tropical locations around the world. 
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CHAPTER 1 - INTRODUCTION 

Explanation of the Problem 

In spite of advances in disease control and prevention during the last century, 

emerging and re-emerging infectious diseases such as West Nile virus (O'Leary, et al. 

2002), hantavirus (Leslie, et al. 1999), and others have recently become established in or 

returned to areas previously free of the disease. Factors linked to these diseases include 

ecological and demographic changes, increased travel and commerce, technological 

changes, microbial adaptations, and public health deficiencies (Morse 1995). The sense 

of complacency and optimism surrounding infectious diseases that came with the 

widespread use of antibiotics and the development of large-scale mosquito eradication 

programs has been replaced by an understanding that microbes are difficult to control and 

the complete eradication of all infectious diseases is likely impossible (Garrett 1994). 

Dengue fever is considered a rc-emerging disease and is associated with 

international travel, migration, and urbanization (Morse 1995). In the case of dengue and 

other mosquito-bome diseases, the spread of the disease itself is preceded by the spread 

of the vector, and epidemics occur when the virus is then introduced to the mosquito 

population. Aedes aegypti, Aedes albopictus, and other Aedes species, are responsible for 

the spread of dengue; they evolved in the forests of Africa and Asia, respectively (Gubler 

1997). The slave trade provided the means for spreading Ae. aegypti across the Atlantic 

and by 1800, the species was well-established in many cities in the tropics and sub-

tropics of North and South America (Gubler 1997). hi contrast, Ae. albopictus has been 
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postulated to have spread around the world through the trade of used tires. It was likely 

introduced into North America and became established in the 1970s or early 1980s 

(Reiter and Darsie 1984; Hawley, et al. 1987; Craven, et al. 1988; Moore and Mitchell 

1997). In the past and currently, commerce is important for the introduction of the 

mosquito to new locations, while the movement of humans transfers the virus from place 

to place. 

The first reports indicating that dengue epidemics were widespread throughout 

much of the tropics and sub-tropics came in the 1700s. Outbreaks occurred in the eastern 

and southern United States through the early 1900s (Gubler 1997). Post-World War II, 

the disease became a significant problem in developing countries, and spread globally 

since the end of a mosquito eradication program in the 1970s. The range of the mosquito 

has expanded, and dengue is present in much of the tropics and sub-tropics, including 

areas along Mexico's border with the United States (Centers for Disease Control and 

Prevention 2001). 

As a relatively isolated island chain, Hawaii remained free of mosquitoes until the 

Culex mosquito was transported aboard a ship from Mexico in 1826 (Usinger 1944). The 

Aedes mosquitoes arrived later in the 1800s; Ae. aegypti was pervasive by 1892 and Ae. 

alhopictus was widespread by 1902 when Hawaii's species were catalogued (Usinger 

1944). Hawaii experienced dengue outbreaks throughout the early 1900s through World 

War II when the last epidemic was experienced (Gilbertson 1945; Wilbar 1947). Until 

the 2001 outbreak that is the focus of this dissertation, Hawaii did not experience any 

major endemic outbreaks of dengue, although cases occurred in people who had traveled 



to and became infected in endemic locations. Public health officials believe that small 

outbreaks may have occurred since World War II as travelers brought the dengue virus to 

the islands, but the ill may not have sought medical care and the cases were not reported 

(L. Pang, pers. comm.). 

The potential for dengue in Hawaii has been present since the mosquito was first 

introduced. In 2001, the necessary social and environmental precursors converged to 

produce the outbreak. Environmental conditions in the year prior to the epidemic 

provided a situation in which the mosquito population could thrive and grow. During 

October and November 2000, above average rainfall fell in the Hana region of Maui, 

which was followed by below average rainfall in the months leading up to the outbreak. 

While the above average rainfall provided water in which the mosquitoes could lay their 

eggs, the relatively drier period that followed was potentially more important to the 

outbreak. Streams in northeastern Maui dried up in some places, leaving behind the 

small, stagnant pools that are preferred egg-laying sites for Ae. albopictus. With the 

mosquitoes present, tlie outbreak was initiated when travelers returned from an endemic 

area in the South Pacific and infected local mosquitoes. The Maui outbreak spread when 

infected mosquitoes passed the virus from resident to resident. Eighty-nine cases were 

confirmed on Maui, and a total of 119 were diagnosed across Hawaii during the outbreak, 

which lasted from May 27, 2001 to February 3, 2002 (Hawaii DOH 2002). 

This dissertation investigates aspects of the first dengue outbreak in the Hawaiian 

Islands since the 1940s (Gilbertson 1945; Wilbar 1947). In this dissertation, I examine 

precipitation variability and its relationship to El Nino and La Nina in Hawaii, and I then 
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apply those findings to a study that develops an improved conceptual model for research 

incorporating environmental variables into the examination of mosquito habitat. Finally, 

I study the social impacts of a dengue outbreak through an analysis of stigmatization 

associated with the Hawaiian outbreak. 

Approach 

This dissertation research falls within the sub-discipline of medical geography. 

One study draws on traditional approaches in disease ecology while the other uses newer 

conceptualizations of health and place. As a sub-discipline, medical geography is 

broadly based and interdisciplinary, drawing on a wide variety of other fields including 

biology, epidemiology, public health, sociology, parasitology, meteorology, and 

biostatistics (Meade and Earickson 2000). Within geography, medical studies utilize 

both quantitative and qualitative methods to better understand patterns of disease and 

health care. Statistical approaches are useful for comparing rates of disease in 

populations and rates of increase, while qualitative approaches provide a means for 

determining individual health care access or disease acquisition through interviews and 

surveys. With an integrative perspective, medical geography incorporates traditions and 

methods across disciplines useful for understanding disease distribution. 

While medical geography is a relatively new sub-discipline with its formal origins 

in the 1950s (Meade and Earickson 2000), the field has its roots in early studies of spatial 

patterns of disease and health. Haviland (1855) discusses observations made by 

Hippocrates 2300 years ago with regard to the environmental conditions of a particular 

region and the type and severity of disease found in the location. It is believed that 
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Hippocrates was the first physician to link disease with climate conditions (Snorrason 

1964). Early studies report links between environmental conditions and disease 

incidence, and epidemics in the past have been analyzed with respect to temperature, 

wind speed and direction, air pollution, and air pressure, as well as the general season of 

the year (Haviland 1855). In the mid-1900s, climate conditions were linked with specific 

chronic and infectious diseases including sclerosis, tuberculosis, appendicitis, and mental 

illness (Mills 1939). Susceptibility of humans to heat and cold has also been a frequently 

mentioned stress, as well as allergens and pollutants (Mills 1939; (Burakowski 1964). 

An early thread of research within the sub-discipline of medical geography, 

formally founded in the 1950s, was in the area of disease ecology, an approach drawn on 

for this dissertation. The work of Jacques May provided the foundation for medical 

geography through research recognizing that inorganic, organic, and sociocultural stimuli 

can interact to produce disease, forming the basis for the disease ecology tradition in 

medical geography (Meade and Earickson 2000). Pavlovsky (1966), within the field of 

landscape epidemiology, contributed to disease ecology through the explicit recognition 

that different diseases are biome-specific, and are therefore geographically limited. In 

addition to broad regional relationships between diseases and the environment, 

Pavlovsky's concept of a natural disease nidus also captures issues important to disease 

regarding specific site characteristics with respect to soil, vegetation cover, and 

microclimate conditions. 
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Organization of the Dissertation 

This dissertation contains three separate but related studies and is compiled in the 

paper format such that each study is written as a separate publishable paper and included 

as an appendix. Literature relevant to each study is summarized in each respective paper. 

Appendix A, entitled "Regionalization and variability of precipitation in Hawaii," 

was prepared for submission to Physical Geography and is co-authored with Andrew 

Comrie. Dr. Comrie provided assistance with the interpretation of results, particularly 

with the analysis of synoptic patterns, and with manuscript revision. In this paper, a 

principal components analysis is used to determine precipitation regions in Hawaii in 

order to examine precipitation patterns and relationships with El Nino and La Nina at the 

sub-island scale. 

Appendix B, entitled "Mosquito habitat and dengue risk potential in Hawaii: A 

conceptual framework and GIS application," was prepared for submission to The 

Professional Geographer. The research presented in this paper is designed around a new-

conceptual framework for examining the relationship between environmental conditions 

and mosquito habitat that recognizes the dynamic nature of the association. Mosquito 

(Ae. alhopictus) habitat is delineated for Hawaii, and spatial and temporal shifts 

associated with environmental variability are outlined. 

Appendix C, entitled "A mixed methods examination of stigma associated with 

the 2001-2002 Hawaiian dengue outbreak," was prepared for submission to Health and 

Place. This paper presents the results of a mixed methods study that utilizes content and 

discourse analyses of newspaper articles, and is supported by interviews with the general 
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public and health officials on issues surrounding stigmatization associated with Hawaii's 

dengue outbreak. 
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CHAPTER 2 - PRESENT STUDY 

The methods, results, and conclusions of this dissertation are distributed in the 

appended papers. The following is a summary of the most important findings. Overall, 

this research adds to the understanding of climate-dengue relationships, as well as the 

potential social impacts of a dengue outbreak in a non-endemic area. The research 

addresses both the prevention and control of dengue outbreaks, and health department 

resources can be concentrated in the most relevant areas before and during an outbreak. 

Specifically applied to Hawaii, the delineation of mosquito habitat and potential dengue 

areas across the islands aids in mosquito control and outbreak prevention efforts. The 

greater understanding of the social impacts of a dengue outbreak supports control efforts 

if the virus is re-introduced to the mosquito population and another outbreak occurs. 

Appendix A - "Regionalization and variability of precipitation in Hawaii" 

In the first paper, the relationship between El Nino and La Nina, and Hawaiian 

precipitation are examined and later applied to the study of mosquito habitat. During El 

Nino events, easterly winds weaken over the central Pacific, leading to above average sea 

surface temperatures in the eastern tropical Pacific. Under La Nina conditions, the 

easterlies strengthen and cool sea surface temperatures are experienced in the central 

Pacific. Both events lead to large-scale atmospheric circulation changes that can affect 

weather globally (Barry and Chorley 1998). In Hawaii, El Nino typically brings drought 

conditions while La Nina often results in above average precipitation (Sanderson 1993) 
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Precipitation regions are delineated for the Hawaiian Islands based on the 

seasonality and variability of precipitation using a principal components analysis on 124 

Hawaiian stations (1971-2000). The development of regions provides a way to study the 

relationship between El Nino/La Nina and precipitation at the sub-island level. Three 

different El Nino/La Nina indices (Southern Oscillation Index, Nino 3.4, and Nino 1+2) 

are examined using a correlation analysis that incorporates seasonal lags for precipitation 

in each region. The Southern Oscillation Index and Nino 3.4 are more frequently 

correlated with precipitation in the different regions than Nino 1+2; however, the 

relationship between regions at different lags is complex. 

Using non-parametric statistics, it is seen that precipitation within each region is 

significantly different between El Nino and La Nina; above average precipitation is 

received during La Nina and below average precipitation is received during El Nino. In 

contrast, precipitation between regions is not significantly different during either El Nino 

or La Nina. This implies that the regions co-vary with respect to precipitation receipt. 

Finally, synoptic patterns are examined for El Nino, La Nina, and average events, and 

show that wind speed and direction, atmospheric pressure, and outgoing longwave 

radiation deviate from average conditions during El Nino and La Nina events. The 

findings in this study are useful to forecasters in Hawaii given the improved 

understanding of Hawaiian precipitation patterns at the sub-island level. Forecasters can 

tailor seasonal precipitation predictions for different regions of Hawaii. The results of 

this paper are applied to the analysis of mosquito habitat presented in the second paper. 



Appendix B - "Mosquito habitat and dengue risk potential in Hawaii: A conceptual 

framework and GIS application" 

This paper presents a new conceptual framework for the study of the relationship 

between environmental conditions and mosquito habitat that emphasizes the importance 

of dynamic variables and changing model inputs. While other studies have examined 

mosquito habitat under mainly static conditions, I argue that excluding the consideration 

of the variable and changing nature of environmental conditions relevant to mosquito 

habitat is overly simplistic and less accurate, and future studies of mosquito habitat 

should include environmental dynamism in models. As an application, adjustable maps 

for the habitat of Ae. alhopictus and dengue potential in Hawaii are developed in a 

geographic information system (GIS) using temperature, precipitation, stream and 

wetland locations, forest cover, and populated areas. This technique allows different 

variables to be given different weighting levels to form more precise maps depending on 

user preference and local conditions. 

Considering only the climate variables, low and middle elevation windward 

locations serve as mosquito habitat, while high elevation and leeward locations are too 

cold or too dry, respectively, for mosquitoes to survive. The addition of locations near a 

stream or wetland further specifies mosquito habitat. Populated locations within those 

areas delineated as mosquito habitat are more likely to be at an increased risk for a 

dengue outbreak. Mosquito habitats are dynamic and will, therefore, fluctuate with 

climate conditions on seasonal and inter-annual time scales. The conceptual framework 

presented here and the results of this study are useful to health officials in Hawaii for 
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both outbreak prevention and control. Similar analytic strategies can also be applied to 

other locations. 

Appendix C - "A mixed methods examination of stigma associated with the 2001-2002 

Hawaiian dengue outbreak" 

The third paper in this dissertation uses a mixed methods approach to examine the 

potential effect of stigma surrounding the recent dengue outbreak in Hawaii. Given that 

Hawaii had not experienced a dengue outbreak in over 50 years, there was increased 

concern for uncertainty and misinformation surrounding the spread of dengue and that 

people who lived in the area in which the outbreak was centered could be stigmatized. 

For instance, people who did not understand the disease asked residents of the area to 

leave public places. The stigmatization of those infected can then result in difficulties 

controlling the outbreak. People may become reluctant to seek treatment out of a fear of 

differential treatment by the public (McGrath 1992). 

Content and discourse analyses of newspaper articles from The Honolulu 

Advertiser and The Honolulu Star-Bulletin from September 21, 2001 to May 13, 2002 

were conducted in this study. Articles written during the outbreak show that calls for the 

quarantine of those living in the outbreak area preceded instances of overt stigmatization. 

These articles likely played a role in the differential treatment of people living near the 

center of the outbreak. Also relevant to the presence of stigmatization was inadequate 

health education regarding dengue not being spread person-to-person in all articles that 

discussed the way in which the disease is spread. Interviews and surveys with the public 
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and with health officials supported the existence of stigmatization during the outbreak. 

The results are applicable in Hawaii but, perhaps more importantly, are extremely 

relevant in locations where a population of Aedes mosquito is established but the dengue 

virus has not yet been introduced, such as the southern United States. These locations 

may experience a dengue outbreak in the future, which may induce stigmatization as seen 

in Hawaii. Recommendations include the development of educational materials 

regarding the spread of dengue before the virus is introduced into an area in order to 

facilitate the rapid distribution of materials, and the explicit discussion in hand-outs that 

dengue is not spread person-to-person and that a quarantine would not be effective. 

Summary 

The three papers that constitute this dissertation address broad theoretical issues 

surrounding the prevention and control of dengue outbreaks. While in an applied sense, 

the results are clearly relevant to dengue control in Hawaii, more importantly the results 

are applicable to regions in which the Aedes mosquito is present but the virus has not yet 

been introduced. Areas such as the southeastern and southwestern United States, and 

tropical and sub-tropical locations around the world are suitable for a dengue outbreak 

given the presence of the Aedes mosquito. Dengue prevention is strongly influenced by 

the control of mosquitoes particularly near homes, and the more thorough understanding 

of dengue-climate relationships elucidated in this study outlines areas in which mosquito 

control efforts should be concentrated. Also, the development of an improved conceptual 

model for the examination of the relationship between climate conditions and mosquitoes 

will serve to improve future studies. Should dengue emerge in a region previously free of 



the disease, health departments should be prepared for the misinformation and 

uncertainty that may surround the outbreak. The stigmatization of those with dengue or 

those living in an outbreak area can undermine disease control efforts if the ill are 

hesitant to seek medical care out of the fear of negative repercussions from uninformed 

residents. The results of this dissertation contribute to the overall understanding of 

dengue prevention and control, and are applicable to Hawaii as well as other potential 

outbreak locations. 
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Regionalization and variability of precipitation in Hawaii 
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ABSTRACT: Regions based on seasonal precipitation variability for Hawaii are 

determined using a principal components analysis applied to 124 stations for the period 

1971-2000. Nine final regions are delineated and are consistent with known precipitation 

patterns; leeward and windward stations are in separate regions on all islands. Within 

each region, the relationship between precipitation and the El Nino-Southem Oscillation 

(ENSO) is examined at different seasonal lags using a correlation analysis with the 

Southern Oscillation Index (SOI), and the Nino 3.4 and Nino 1+2 indices. Precipitation 

is most frequently correlated with ENSO under concurrent conditions and a one-season 

lag using SOI and Nino 3.4. Using several non-parametric statistical tests, it is 

determined that while precipitation received in Hawaii during El Nino events is 

significantly different from average precipitation and precipitation received during La 

Nina events, the relationship between precipitation and individual ENSO events within 

regions is rarely significant. Finally, during El Nino or La Nina, average precipitation 

receipt across the regions co-varies during winter and summer under concurrent 

conditions and a one-season lag. Synoptic patterns are examined and indicate a deviation 

from average conditions during ENSO events. 
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1. Introduction 

Hawaii is located within the tropics and, therefore, experiences a generally warm 

and moderate climate, but local climates of the islands are spatially varied mainly as a 

result of topography. In particular, there is a high degree of variation in precipitation 

receipt across the islands. The island chain has been referred to as a miniature continent, 

given that vegetation type ranges from desert scrub in dry locations, some of which 

receive less than 250 mm of rain, to tropical forests with Mt. Waialeale on Kauai 

receiving over 11000 mm of rain annually (Sanderson 1993). A thorough understanding 

of Hawaii's climate is vital to the future of the state given that precipitation variability 

affects agriculture, tourism, and other industries. The limited water supply will be 

stretched further in future years with increasing pressure from population growth, 

requiring a greater understanding of precipitation variability and its potential impacts 

(Shea 2001). 

Prior studies have examined a particular aspect of Hawaii's climate across the 

islands as a whole (Lyons 1982; Chu 1989; Chu and He 1994), while other studies have 

investigated climatic characteristics on particular islands or in vertical transects on 

islands (Nullet and Giambelluca 1992; Juvik and Nullet 1994; Nullet, et al. 1995; 

Ramage and Schroeder 1999). Another set of studies has been devoted to exploring 

specific causes of climate variability, including the El Nino-Southern Oscillation 

(ENSO). Previous research indicates that Hawaii typically experiences drought 

conditions following an El Nino event (Lyons 1982; Chu 1989; Sanderson 1993), and 

results suggest a lagged relationship between El Nino and precipitation in Hawaii; 
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drought is typically experienced during the winter and spring following the El Nino event 

(Chu 1995). Patterns that may be associated with an El Nino-induced drought in Hawaii 

include a decreased number of synoptic storm systems reaching the islands and reduced 

trade wind rainfall associated with the shift of pressure centers (Lyons 1982; Chu, et al. 

1993; Sanderson 1993). The use of canonical correlation analysis in predicting Hawaiian 

rainfall has shown that lagged sea level pressure and the Southern Oscillation Index 

(SOI) best predict winter precipitation (Chu and He 1994). Barnston and He (1996) 

expanded upon this study through the addition of sea surface temperature (SST) as a 

predictor variable and found that SST is an important predictor of Hawaiian precipitation. 

As with the impact of ENSO in other parts of the world, not every El Nino event results 

in a drought in Hawaii and not every drought is associated with El Nino (Lyons 1982). 

Chu et al. (1993) contrasted the drought of 1980-1981 with the relatively wet year of 

1982, both of which occurred in the absence of El Nino conditions, and hypothesized that 

the changes in the Pacific/North American teleconnection may have played a role. It has 

also been recognized that El Nino influences the number and path of tropical cyclones in 

the central Pacific (Chu and Wang 1997; Chu and Clark 1999; Clark and Chu 2002). 

While prior studies have confirmed the presence of a relationship between the El 

Nino-Southern Oscillation (ENSO) and statewide precipitation variability in Hawaii, 

there is a need for an improved understanding of the relationship at a finer spatial detail. 

Complex spatial precipitation patterns are present across Hawai i because of the effect of 

the island terrain interacting with the trade winds, the subsidence inversion, and tropical 

cyclones (Sanderson 1993), and therefore for studies within the islands a regionalization 
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can provide a useful way to study the spatial and temporal variability in precipitation 

within the state. In this study, a principal components analysis (PCA) is used to identify 

seasonal precipitation regions with common temporal behavior, and thus common causal 

processes, across Hawaii. No studies have explicitly attempted to produce precipitation 

regions in Hawaii, although the same general technique (empirical orthogonal function 

analysis) was used to divide areas of Hawaii according to dominant causes of rainfall 

(Lyons 1982). While Lyons (1982) evaluated El Nino and Hawaiian precipitation, the 

relationship was examined for the island chain as a whole using average precipitation at 

63 stations whereas the goal here is to study the nature of sub-island variability and links 

to ENSO. 

The aims and approach of this paper are first to regionalize Hawaiian Island 

precipitation into meaningful areas of study and then determine the relationship between 

ENSO and precipitation at the sub-island scale. The specific research questions 

addressed in the study include: 

• What precipitation regions can be clearly defined across the islands? 

• Which ENSO index is most strongly correlated with Hawaiian precipitation in 

each region and at what lag? 

• To what degree are all areas of the islands uniformly dry during El Nino and wet 

during La Nina? 
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2. Data 

Monthly precipitation data for 1971 to 2000 were obtained for stations across 

Hawaii from the National Climatic Data Center (NCDC). This time period was selected 

rather than the period of record for each station in order to have a common time series for 

the PCA. While a somewhat arbitrary delimitation, stations could have no more than 4% 

missing data in order to be eligible for inclusion in the study, which equals approximately 

one year of data. Some stations that would have created a more even and representative 

spatial distribution were excluded so that stations in the study had a relatively thorough 

data record. Missing precipitation data were replaced with the monthly mean, and the 

resulting dataset included 124 stations (Fig. Al). Stations included in the study are fairly 

evenly distributed across the four large islands, although as expected, there was a lower 

density of high elevation stations eligible for inclusion. 

Three indices, Nino 1+2, Nino 3.4, and SOI, were selected to evaluate the 

relationship between precipitation and ENSO in this study and were acquired from the 

Climate Diagnostics Center (http://www.cdc.noaa.gov). Nino 1+2 and Nino 3.4 are 

temperature-based indices developed using mean sea surface temperatures in different 

areas of the equatorial Pacific Ocean (Hanley, et al. 2003). The Nino 1+2 area is located 

just off the coast of South America, from the equator to 10"S, while the Nino 3.4 area 

straddles the equator from about 170°W to 120''W. SOI is calculated as the difference in 

atmospheric pressure between Tahiti and Darwin, Australia (Hanley, et al. 2003). Given 

that the Nino 3.4 index is developed from an area of the tropical Pacific Ocean that 

http://www.cdc.noaa.gov
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Figure Al. The 124 stations eligible for inclusion in the study are spread fairly consistently across the largest islands 
(Kauai n=31, Oahu n=28, Molokai n=2, Lanai n=6, Maui n=32, Hawaii n=25), although spatial coverage on individual 
islands is not always even. 
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overlaps with the Nino 3 (eastern Pacific) and Nino 4 (western Pacific) indices, and is 

highly correlated with them, Nino 3.4 was chosen to represent the central equatorial 

Pacific. 

3. Methods 

For the regionalization, a principal components analysis was applied to the 

monthly precipitation data using a correlation matrix to emphasize the seasonal timing of 

precipitation, rather than total precipitation amount (Comrie and Glenn 1998). The 

components were rotated using the direct oblimin (oblique) rotation, which generally 

shows the most coherent and stable patterns in a climate regionalization (White, et al. 

1991). Thirteen components were initially retained based on scree plots and eigenvalues 

> 1, explaining 83.6% of the variance in the data. Following Comrie and Glenn (1998), 

the rotated loadings values for each component were plotted on a map and interpolated 

using the inverse distance weighting method. Regions were then created using the y = 

±0.4 contours as borders. In order to confirm the coherence of the regions and verify the 

boundaries created by the contour lines, each station was assigned to the component on 

which it loaded most highly, and those maximum loadings were plotted on the region 

map (Comrie and Glenn 1998). 

Within each region, the relationship between seasonal precipitation and the three 

ENSO indices was examined using a correlation analysis with concurrent conditions, and 

a one-season and two-season lag. Two six-month seasons were used in this study, based 

on seasonal precipitation plots created during the PCA. Although others have used 
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seven- and five-month seasons (Giambelluca, et al. 1986), an uneven seasonal division 

would have made lagged comparisons more difficult to interpret. In this study, winter 

was defined as November through April and summer as May through October. Pearson's 

product-moment correlation coefficients between seasonal precipitation totals and mean 

ENSO indices were computed for concurrent conditions, and at one and two season lags, 

for each region. The relationship between winter SOI and concurrent precipitation in 

each region was examined more closely through the creation of scatterplots. Chu (1989) 

created similar scatterplots comparing spring SOI and winter precipitation for the islands 

as a whole. For this study, an El Nino event is defined as SOI < -0.5, a La Nina event is 

SOI > 0.5, and a neutral event is between -0.5 and 0.5. 

Moderate and strong El Nino and La Nina events (Table Al) were selected based 

on classification by the Climate Prediction Center (http://www.cpc.ncep.noaa.gov/ 

products/analysis monitoring/ensostuff/ensoyears.html). Average winter and summer 

precipitation in each region was calculated for both El Nino and La Nina years, which 

was then represented as a percentage of the 1971-2000 average. Several statistical tests 

were used to evaluate the inter-region precipitation differences during El Nino and La 

Nina, and differences in precipitation receipt between El Nino and La Nina across the 

islands. Given the small number of years available for use in this analysis, non-

parametric tests were appropriate for use (Sprent 1993). Wilcoxon signed ranks tests 

were used to determine if average precipitation received during El Nino years was 

statistically different from precipitation received during La Nina years, and from the 

overall 1971-2000 average precipitation receipt for both winter and summer across all 



Table Al. Moderate and strong El Nino and La Nina events selected for 
analysis. 

El Nino La Nina 

1972-73 1973-74 

1982-83 1975-76 

1986-87 1988-89 

1987-88 1998-99 

1991-92 1999-2000 

1994-95 

1997-98 
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regions. The statistical relationship between El Nino and La Nina precipitation receipt 

was then evaluated for each individual region using a Mann-Whitney U-test. 

Precipitation receipt during individual El Nino events was compared to 

precipitation receipt during individual La Nina events, as well as average precipitation 

receipt, in each region. Finally, Kraskal-Wallis tests, the non-parametric equivalent of 

ANOVA (Sprent 1993), were performed to evaluate inter-region differences in deviation 

from average winter and summer precipitation separately for El Nino and La Nina events. 

The Kruskal-Wallis test examines three or more groups of data and determines if a 

difference exists among the groups, and further testing is required to determine which 

groups differ. In this study, this test examined whether or not deviation from average 

winter precipitation during El Nino in region one differs from region two, region three, 

and so on. 

Temporal autocorrelation is present in the ENSO indices, and if a particular 

season is significantly correlated with precipitation, it can be expected that the one-

season lagged relationship may be significant also. Thus, an effective sample size 

adjustment was attempted in order to account for possible autocorrelation (Thiebaux and 

Zwiers 1984). 

Lastly, composite synoptic patterns were examined to better understand the 

atmospheric drivers of the variation in precipitation received during El Nino and La Nina. 

The synoptic climatological links between ENSO and precipitation were examined by 

comparing precipitation totals and atmospheric circulation patterns for selected El Nino 

and La Nina years. Composite maps for average conditions and ENSO events were 
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constructed using NCEP/NCAR Reanalysis data. Geopotential heights at 1000 mb, 850 

mb, 700 mb, and 500 mb were examined as well as outgoing longwave radiation (OLR) 

and vector wind direction and speed during neutral, El Nino and La Nina conditions. 

Geopotential heights were examined at multiple levels due to the presence of the 

subsidence inversion over Hawaii (Sanderson 1993). 

4. Results 

4.1 Region Designation 

An initial solution of thirteen principal components was selected, and with 

boundaries drawn based on the ±0.4 loading contour, most of the 13 regions have a clear 

center and cover a unique portion of a particular island. The original 13 components 

were reduced to ten to create more geographically continuous regions and to eliminate 

components with inconsistent patterns. Component nine had no stations that loaded at or 

above ±0.4 and the contours showed no clear pattern in which a specific region could be 

discerned; it was therefore removed from the analysis. Components 7 and 12, centered 

on northwestern Maui and Lanai, had very similar seasonal precipitation patterns that 

were correlated with one another, and given that component 12 was comprised of only 

one station, the two components were collapsed into one region. Finally, the two stations 

that comprised component 11, located on Kauai and Maui, were instead allocated to 

components six and three respectively. The precipitation time series for each of the two 

stations was highly correlated with the average time series for the final region in which it 

was included. 
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The creation of a final region map was based on the results of the principal 

components analysis, guided by the contour loadings maps and maximum loading 

stations maps (Comrie and Glenn, 1998). Initial region boundaries were created 

following the y = ±0.4 contour line boundaries as a practical but arbitrary delimitation. 

Stations without strong loadings on any single component were generally included in the 

region on which they loaded most highly or within the region to which the monthly time 

series for each station was most highly correlated. For example, the northern end of the 

Big Island was not represented in any region according to the y = ±0.4 contour lines, but 

the precipitation time series for stations in that area were most strongly correlated with 

the average time series for region 3 (lowland Maui). Final region boundaries (Fig. A2) 

approximately follow the y = ±0.4 contour line boundaries but include some stations 

outside of these areas that are defined by the maximum loading rule. 

4.2 Region Characteristics 

The annual precipitation graphs for each region (Fig. A2) illustrate the different 

seasonal cycles across the islands. In the following discussion of the seasonal 

characteristics of each region, those regions with a relatively strong seasonal signal will 

be discussed first, followed by regions with a less obvious seasonal signal. 

Low rainfall areas typically have a more obvious seasonal pattern than the windward 

locations that are commonly wet year-round (Giambelluca, et al. 1986). Leeward Oahu 

(region 1), leeward Maui and Lanai (region 7), leeward Kauai (region 9), and lowland 

Maui/northern Hawaii (region 3) are generally dry on an annual basis since most are in a 
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rainshadow location, and all receive the bulk of rainfall during the winter months when 

synoptic systems affect the state (Giambelluca, et al. 1986). Subtle differences exist 

between leeward regions, with some locations receiving more rainfall than others during 

spring or fall. Leeward Hawaii (region 4) is unique among those regions with more 

apparent seasonal patterns in that the area experiences a summer peak in rainfall rather 

than a winter peak. During summer, the persistent trade winds frequently converge with 

onshore breezes, producing a summer precipitation maximum along the Kona coast 

(Giambelluca, et al. 1986). High-elevation Maui (region 8) has a strongly seasonal 

precipitation pattern. The three stations that form the region, with elevations ranging 

from 1300 m to 2100 m are near the bottom boundary of the inversion layer (Nullet and 

Giambelluca 1992). Summer is relatively dry in this area, but considerable rainfall is 

received during winter and early spring. 

Monthly precipitation graphs for the four windward regions, region two 

(windward Maui), region five (windward Hawaii), region six (windward Kauai) and 

region ten (windward Oahu) depict the tri-modal precipitation pattern that often 

characterizes areas of high rainfall in Hawaii (Giambelluca, et al. 1986). Orographic 

lifting of the trades, which are more persistent during summer, results in high rainfall 

during that season, while any decrease in precipitation during winter due to a decrease in 

strength of the trades is offset by rainfall received from synoptic systems (Giambelluca, 

et al. 1986). 

4.3 ENSO Relationships 
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4.3.1 Correlation Analysis 

Table A2 shows the result of the correlation analysis between seasonal 

precipitation in each region and the three ENSO indices used in this analysis. As 

described in the methods section, an effective sample size adjustment was attempted to 

account for the temporal autocorrelation in the data. Given the initial n=30, the final 

adjusted sample size resulted in removal of all significant correlations when the intention 

of the calculation is simply to reduce the number of significant correlations that are due 

to the autocorrelation. Although the adjustment was not useful, there are clearly some 

important correlations that should be examined, but with the caveat that some of the 

significant lagged correlations are likely due to autocorrelation in the data. 

Some regions have very similar patterns of significant correlations, while others 

are quite different. Leeward Oahu (region 1) and leeward Hawaii (region 4) have 

identical patterns, and precipitation in those regions is correlated with all thrtee indices 

during winter only. In both regions, Nino 1+2 and SOI indicate that El Nino (La Nina) is 

related to below (above) average precipitation during concurrent conditions and at a one-

season lag. Nino 3.4 indicates a more complicated relationship between sea surface 

temperature and precipitation in regions 1 and 4. Nino 3.4 is positively correlated with 

winter precipitation under concurrent conditions, meaning that warm sea surface 

temperatures (El Nino) are associated with above average rainfall, while at a two season 

lag the opposite relationship is apparent. 

Precipitation on leeward Maui/Lanai (region 7) and leeward Kauai (region 9) is 

most frequently significantly correlated with the ENSO indices under concurrent 
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Table A2. Statistically significant (a=.05, .01) Pearson's product-moment correlation 
coefficients between summer and winter precipitation and three ENSO indices under 
concurrent conditions and at one- and two-season lags. 

Summer Precipitation Winter Precipitation 
LagO Lag 1 Lag 2 LagO Lag 1 Lag 2 

Region 1 Leeward Oahu 
Niflo 1+2 -0.4306 -0.4723 
Nino 3.4 0.4919 -0.3966 

SOI 0.5018 0.5712 
Region 2 Windward Maui 

Niflo 1+2 0.3741 0.3704 
Nino 3.4 0.4290 0.4678 

SOI -0.3611 -0.5650 
Region 3 Lowland Maui 

Nino 1+2 
Niflo 3.4 0.4451 0.4214 

SOI -0.4048 -0.3675 0.4397 
Region 4 Leeward Hawaii 

Niflo 1+2 -0.4211 -0.4544 
Niflo 3.4 0.4370 -0.4024 

SOI 0.4862 0.5874 
Region 5 Windward Hawaii 

Niflo 1+2 -0.4902 -0.4227 
Niflo 3.4 0.5484 -0.4685 

SOI -0.5158 0.5762 0.6065 
Region 6 Windward Kauai 

Niflo 1+2 -0.3833 -0.5090 
Niflo 3.4 0.3756 0.3877 -0.3934 

SOI 0.4789 0.5187 
Region 7 Leeward Maui/Lanai 

Niflo 1+2 0.4253 -0.3781 
Niflo 3.4 0.5790 0.4998 0.3900 

SOI -0.4847 0.5021 
Region 8 Highland Maui 

Niflo 1+2 -0.3810 
Nino 3.4 0.4346 0.4008 

SOI -0.3647 0.4020 
Region 9 Leeward Kauai 

Niflo 1+2 -0.3791 -0.5756 
Nino 3.4 0.5120 0.4217 -0.4305 

SOI -0.5504 0.4638 0.5295 
Region 10 Windward Oahu 

Nino 1+2 -0.4161 
Niflo 3.4 -0.3748 

SOI 0.5116 0.4604 
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conditions and less so with a one- or two-season lag. Nino 3.4 is positively correlated 

with both concurrent summer and winter precipitation in both regions. SOI is negatively 

correlated with concurrent summer precipitation in both regions but is positively 

correlated with winter precipitation only in region 9, leeward Kauai. 

Lowland Maui and Molokai (region 3) and highland Maui (region 8) have similar 

correlation patterns. Nino 1+2 is not significantly correlated with precipitation in either 

region, with the exception of summer precipitation at a two-season lag in region 8. Nino 

3.4 is positively correlated with both concurrent summer and winter rainfall in both 

regions. Finally, SOI is correlated with concurrent summer precipitation and one-season 

lagged winter precipitation in region 8, and concurrent and one-season lagged summer 

precipitation and one-season lagged winter precipitation in region 3. 

The four windward regions, for the most part, have unique patterns of correlation. 

Windward Maui,'Molokai (region 2) has the most consistent pattern in that summer 

precipitation is correlated with all three indices at concurrent conditions and at the one-

season lag. The relationship between the two variables in this region is such that El Nino 

(La Nina) corresponds with above (below) average precipitation. Windward Hawaii 

(region 5) and windward Kauai (region 6) have similar correlation patterns, with winter 

precipitation being negatively correlated with Nino 1+2 under concurrent conditions and 

the one-season lag. Summer precipitation in both regions 5 and 6 is positively correlated 

with concurrent Nino 3.4, and region 6 adds a significantly positive correlation with 

concurrent Nino 3.4 and winter precipitation. Finally, SOI is positively correlated with 

winter precipitation in both regions. Given these patterns, in regions 5 and 6 it appears 
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that El Nino is related to below average winter precipitation and above average summer 

precipitation. Of all the regions, windward Oahu (region 10) has the fewest number of 

significant correlations, and those correlations that are significant involve winter 

precipitation. SOI is positively correlated with precipitation concurrently and at a one-

season lag. Nino 1+2 is negatively correlated with concurrent winter precipitation, and 

Nino 3.4 is negatively correlated with winter precipitation at a two-season lag. 

Therefore, El Nino (La Nina) conditions result in above (below) average precipitation in 

region 10. 

Summarizing the overall relationships between precipitation and the ENSO 

indices, some interesting patterns are revealed. Nino 1+2 is always negatively correlated 

with winter precipitation in regions with a significant relationship, and only under 

concurrent conditions or a one-season lag. Summer precipitation is significantly 

correlated with Nino 1+2 in only a few cases, and is positively correlated with concurrent 

precipitation or at a one-season lag and negatively correlated at a two-season lag. Nino 

3.4 is always positively correlated with winter precipitation under concurrent and one-

season lagged conditions if there is a significant relationship, and negatively correlated 

with winter precipitation at the two-season lag. Summer precipitation is positively 

correlated with Nino 3.4 in those regions with a significant relationship. In regions that 

had a significant relationship between SOI and precipitation, the correlation in summer is 

negative and the correlation in winter is positive in every case. Therefore, using SOI, 

whether in a leeward or windward location. El Nino is associated with above average 
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rainfall in summer and below average rainfall in winter, and the opposite pattern is 

evident for La Nina. 

Scatterplots for winter concurrent conditions (Fig. A3) reveal the variability in 

precipitation receipt according to SOL In all regions, highly negative SOI corresponds 

with precipitation that is below average while neutral and positive SOI range from below 

average to above average precipitation. While not all El Nino events result in below 

average rainfall, the relationship is more consistent than that of La Nina or neutral events; 

precipitation variability is greater during neutral or La Nina events. Therefore, for 

prediction purposes. El Nino is likely to result in below average precipitation but La Nina 

or neutral events may result in below or above average precipitation across all regions. 

4.3.2 Comparison of El Nino and La Nina Years 

The Wilcoxon signed ranks tests indicate that overall winter precipitation receipt 

during El Nino events is significantly different (a=0.05) from precipitation receipt during 

La Nina events, and from average precipitation, during the concurrent winter (Table A3). 

During the following summer, precipitation during La Nina events is significantly 

different from average, but there is not a significant relationship between precipitation 

received during El Nino and La Nina, or El Nino precipitation receipt and average. 

When the relationship is examined for ENSO events within each region using a Mann-

Whitney U-test, however, few statistically significant relationships are found (Table A4). 

Only in regions one, five, and ten is winter precipitation receipt during El Nino 

significantly different (a=0.1) from winter precipitation during La Nina. Summer 
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Figure A3. Scatterplots comparing SOI (x-axis) and precipitation (y-axis) in each region 
show the variability in winter precipitation receipt (mm) by phase of ENSO. El Nino 
events (diamonds) are typically dry, while neutral (triangles) and La Nina events (circles) 
can range from wet to dry. 



Table A3. Results of Wilcoxon Signed Ranks Test (significant p-values 
italicized) 

Winter Precipitation p-value 
La Nina and El Nino 0.005 
La Nina and average 0.005 
El Nino and average 0.005 

Summer Precipitation 
La Nina and El Nino 0.445 
La Nina and average 0.013 
El Nino and average 0.508 



Table A4. Results of the Mann-Whitney test (significant p-values italicized) 

Winter Precipitation 
La Nina vs. El Nino 

p-value 

Summer Precipitation 
La Nina vs. El Nino 

p-value 
Region 1 0.030 0.432 
Region 2 0.432 0.149 
Region 3 0.343 0.755 
Region 4 0.268 0.876 
Region 5 0.018 0.530 
Region 6 0.202 0.530 
Region 7 0.268 0.639 
Region 8 0.149 0.755 
Region 9 0.149 0.755 
Region 10 0.073 0.343 
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precipitation during El Nino is not significantly different jfrom summer precipitation 

during La Nina in any region. These results illustrate the important point that while, on 

average, El Nino precipitation receipt is significantly different from precipitation 

received during La Nina, individual events show a greater fluctuation in precipitation 

receipt within each region. Finally, none of the Kruskal-Wallis tests show significantly 

different (a=0.1) differences in precipitation anomalies across individual regions during 

El Nino and La Nina in both the concurrent winter and the following summer. Therefore, 

during a particular phase of ENSO, average precipitation receipt in different regions of 

Hawaii during winter and summer has the same anomaly sign across the islands. 

4.3.3 Synoptic Patterns 

During El Nino events, anomalously low pressure is found to the north of the 

islands at the 1000 mb level while during La Nina, the reverse pattern is found (Fig. A4). 

This relationship is also present at the 850 mb and 700 mb levels (not shown). For El 

Nino events, the 500 mb level is average or slightly below average over Hawaii with 

above average heights to the north, while during La Nina events, the 500 mb level is 

above average over Hawaii, with below average heights to the north (not shown). This 

analysis shows that, rather than simple changes in the strength of the overlying 

anticyclone and the associated variations subsidence, ENSO-related circulation changes 

centered over the North Pacific appear to be more important. 

These circulation shifts are evident in the vector wind anomalies, which indicate 

that during La Nina, windspeeds are slightly higher than during El Nino at the surface 
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level (Fig. A5), consistent with typical behavior of stronger trade winds during La Nina. 

Surface winds are near average during El Nino and slightly above average during La 

Nina. Furthermore, trade wind directions are more easterly during La Nina, while during 

El Nino they have a slight northerly component. 

The analysis of outgoing longwave radiation composites for El Nino and La Nina 

confirms the precipitation relationship found in this and other studies. During El Nino, 

greater OLR is seen from 5®N to 30°N, indicating clearer skies with less convection and 

precipitation (Fig. A6). The opposite pattern is apparent for the La Nina composite. 

From 10°N to 25°N, below average OLR is recorded, indicating greater convection and 

precipitation over the islands. There is thus a set of synchronized circulation and 

precipitation changes for Hawaii associated with ENSO. While these are clear general 

relationships at the synoptic scale, there are important local variations within the state 

that are highlighted in the regionalization analysis. 

5. Discussion and Concluding Remarks 

In this study, precipitation regions were determined for the Hawaiian Islands 

based on the seasonality and variability of monthly precipitation using a principal 

components analysis. The delineation of regions provided a way to examine the 

relationship between ENSO and precipitation at the sub-island level. The resulting 

regions are consistent with known precipitation patterns. Leeward and windward stations 

were divided into separate regions on all islands, and Maui, with a greater density of 

stations, was further partitioned by elevation. The regionalization could be improved 
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while wind direction has a slight northerly component during El Nino events. 
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with the inclusion of more stations that have a long period of record, particularly a greater 

number of high-elevation stations. Molokai and northern Oahu have a sparse network of 

stations eligible for inclusion in this study and the confidence in the regionalization in 

those areas would be improved with more stations. 

The synoptic circulation changes associated with ENSO are consistent with other 

studies and are gcneralizable to precipitation variability across the state. However, at the 

sub-island scale the results of the correlation analyses between ENSO indices and 

precipitation in each region illustrate that the relationships are complex and that different 

areas of Hawaii have a different relationship with ENSO, which has implications for 

seasonal precipitation forecasting. Overall, concurrent ENSO conditions and the one-

season lag are much more often correlated with precipitation than the two-season lag, 

making short-term conditions most important as might be expected given the location of 

Hawaii with respect to the location of sea surface temperature changes. SOI and Nino 

3.4 are more widely correlated with precipitation, and are perhaps more important in 

forecasting ENSO-related precipitation variability in Hawaii than Nino 1+2. The 

complexity of between-region relationships, in which some indices are positively 

associated with precipitation and others negatively correlated at different lags, suggests 

that future work should further examine the detailed atmospheric causes that result in 

these relationships. These might include mesoscale interactions of airflow and moisture 

transport with topography. 

Precipitation anomalies across regions differ between ENSO phases, and the 

spatial precipitation anomaly patterns of individual ENSO events can vary greatly. For 



forecasting purposes, this confirms that while El Nino (La Nina) events result in lower 

(higher) precipitation, on average, any particular event can result in varied precipitation 

across the islands. These analyses could be improved through the use of a longer data 

record of precipitation that includes a greater number of El Nino and La Nina events, 

which would permit the use of more powerful parametric techniques. 

Finally, numerous applications of this research are possible, such as vegetation and 

ecological studies, water resources management, and improved seasonal precipitation 

forecasting. Our future work with these regions concerns health appHcations linking 

climate variability and mosquitoes as disease vectors. 
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Abstract: Dengue, spread by several Aedes mosquito species, is considered to be an 

emerging or re-emerging disease and the distribution of the vector is partially mediated 

by environmental conditions. In this paper, a new conceptual model is suggested that 

emphasizes the importance of including climatic and environmental variability in 

mosquito modeling studies. In an applied sense, mosquito habitat maps are developed for 

the Aedes albopictus mosquito in Hawaii using an overly analysis of environmental 

variables in a geographic information system. Low and middle elevation windward 

locations typically serve as mosquito habitat, while leeward and high elevation areas are 

too dry or too cold for mosquito survival. Populated locations are added to the maps to 

represent dengue potential areas. The maps are designed to be adjustable based on expert 

local knowledge and user input. Mosquito control efforts used to prevent or control 

dengue outbreaks can be concentrated in those zones delineated by the modeling efforts 

of this study. 
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Introduction 

Dengue, spread through the bite of several species of the Aedes mosquito, is 

considered to be the world's most important mosquito-bome viral disease in terms of the 

number of infections and the number of people in the endemic region (National Research 

Council 2001). The World Health Organization estimates that there are approximately 50 

million dengue infections each year, and about 2.5 billion people live in the region in 

which dengue is endemic (World Health Organization 1998). Following World War II, 

the disease has become a significant problem in developing countries, having spread 

globally since the end of an eradication program in the 1970s that was designed to 

eliminate the mosquito vector. The distribution of the Aedes mosquito has now spread 

beyond the area inhabited prior to the start of the program, and dengue is now present in 

much of the tropics and sub-tropics, including areas along Mexico's border with the 

United States (Centers for Disease Control and Prevention 2001). 

The focus of this study is the 2001-2002 dengue outbreak in Hawaii, spread by 

the Aedes alhopictus mosquito (Clark, et al. 2002). The islands had previously been free 

of dengue since the 1940s (Gilbertson 1945; Wilbar 1947), and this outbreak is an 

example of the spread of dengue over the past several decades. The goals of this paper 

are two-fold: to develop an improved conceptual framework for studying mosquito-bome 

diseases that includes ideas of spatial and temporal variability, and to employ 

environmental variability notions in an examination of dengue in Hawaii that can aid in 

public health decision-support. Specifically, this research seeks to answer the following 

questions through an application in Hawaii: 



• What are the fine-scale spatial relationships between Ae. albopictus and 

climate variability? 

® How do human and physical landscape features interact in Hawaii to 

create potential dengue habitat? 

These questions are answered through an examination of the broad factors that 

contribute to the creation of mosquito habitat and potential dengue areas using a 

geographic information system (GIS). 

Conceptual Framework Development 

A critical tool in attempts to control dengue is the modeling of mosquito habitat 

and dengue potential. The current conceptual framework used to develop mosquito and 

dengue models considers climate and other environmental variables as constant. Models 

are developed based on average conditions and rarely, if ever, consider shifts with 

climate or environmental variability. Even models incorporating environmental 

conditions under global change scenarios (Patz, et al. 1998; Hales, et al. 2002) consider 

shifts in variables without taking into account the continued variability and fluctuations 

that will occur under changed conditions. Research in climate and ecology, for example, 

over the last few decades has highlighted that climate and the environment are 

characterized by change and variability, both temporal and spatial, and that the notion of 

a mean or "original" state is a flawed one. In climate, this is exemplified by the large and 

growing literature on El Nino/La Nina-related variability and on longer-term climate 

change. 
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The notion of shifts in mosquito and dengue endemic areas has been considered in 

studies of climate change impacts, and the impacts of El Nino have been considered as 

well; however, the outcomes of this work, while recognizing dynamic and complex 

processes controlling dengue, have themselves been fairly static results and products. For 

example, a stated shift in El Nino conditions is linked to a stated shift in dengue 

incidence (Hales, et al. 1996; Kovats 2000). Previous studies have developed static 

mosquito habitat models, but the new conceptual framework presented here incorporates 

a dynamic model (with respect to human and environmental variables), which is more 

realistic and true to real-world situations. 

Dengue Background 

Several Aedes species are capable of transmitting dengue, but the principal vector 

is Ae. aegypti with Ae. albopictus and others playing a lesser but increasing role. It is 

believed that Ae. alhopictus evolved in rural regions of tropical Southeast Asia, and 

through human migration, made its way to villages and cities where it also became peri-

domesticated, although not to the level of Ae. aegypti (Gubler 1997). In recent years, it is 

thought that Ae. albopictus has spread around the world through the trade of used tires; it 

was likely introduced into North America and became established in the 1970s or early 

1980s (Reiter and Darsie 1984; Hawley, et al. 1987; Craven, et al. 1988; Moore and 

Mitchell 1997). As a container-breeding mosquito, Ae. albopictus infests used tires in a 

location in which they are indigenous, are transported globally as larvae, and may 

become established when the tires are delivered to the new location (Sprenger and 

Wuithiranyagool 1986). The movement of goods (used tires, specifically) is important 
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for the introduction of the mosquito to new locations, while the movement of humans 

transfers the virus from place to place. 

For a dengue outbreak to occur, three factors must be present. First, a population 

of the Aedes mosquito must be established. Second, the virus must be introduced to the 

area by an infected person. Finally, there must be a population that is susceptible to the 

particular dengue serotype (i.e., strain) that is brought into the area. For example, if most 

people have already been infected with a specific serotype and that serotype is re

introduced, an outbreak will not occur. Therefore, in a non-endemic region such as 

Hawaii, once mosquitoes are established, an epidemic may occur when the dengue virus 

is introduced, such as through a traveler returning from an endemic region. The epidemic 

cycle is initiated when a local Aedes mosquito bites an in fected person and itself becomes 

infected, and the cycle is maintained when the newly infected mosquito bites a 

susceptible person, transferring the virus. 

Following a human infection, symptoms may appear after an incubation period of 

several days. Symptoms include fever, severe headache, joint and back pain, and nausea; 

those experiencing the more severe hemorrhagic form of the disease (dengue 

hemorrhagic fever, or DHF) can suffer from all of the preceding symptoms as well as 

skin and internal hemorrhaging (Halstead 1997). There is no specific treatment for the 

disease, but pain relievers and fluid replacement therapy can be used to ease the 

symptoms of dengue while DHF often requires hospitalization (Centers for Disease 

Control and Prevention 2002). The case fatality rate for dengue fever itself is low, but 



when the number of deaths from DHF is included, the case fatality rate ranges from 1% 

to 5% (Halstead 1997). 

Climate and Dengue 

While both Ae. aegypti and Ae. alhopictus are likely to breed in artificial 

containers in and around dwellings, Ae. albopictus is considered to be a forest-dwelling 

mosquito and prefers outdoor habitats to indoor or peri-domestic environments; therefore 

its lifecycle is more strongly affected by climate conditions (Kuno 1997; Rodhain and 

Rosen 1997). Previous research has established a link between dengue outbreaks and 

climate conditions in several locations (Kuno 1997). A positive correlation between the 

number of dengue epidemics in the South Pacific region and above average rainfall has 

been recognized (Hales, et al. 1996) and above average dengue incidence experienced in 

Asia in 1998 was also found to be associated with above average rainfall (Kovats 2000). 

Temperature is another important variable to consider in dengue incidence; 

temperature affects both the mosquito's longevity and biting rate, and the rate of viral 

reproduction (Kuno 1997). Mosquitoes cannot survive below a certain temperature 

threshold, and the biting rate typically increases as temperatures increase. Below-

freezing temperatures kill the larvae and eggs of Ae. aegypti mosquitoes, thereby 

confining the risk of endemic dengue transmission, year after year, to areas with warmer 

winters that allow the mosquitoes to over-winter (Chandler 1945). Higher temperatures 

can shorten the extrinsic incubation period (viral development rate) of the dengue virus; 

conversely, very high temperatures may actually shorten mosquito survival (Patz, et al. 

1998). 
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Given the relationship between mosqiiito habitat and climate, it is expected that 

the range of many mosquitoes, including the Aedes species, will be altered with climate 

change, possibly putting more people at risk for contracting dengue. Recent research has 

examined the potential for the spread of dengue into temperate parts of the world as the 

global climate warms (Patz, et al. 1998; Hales, et al. 2002). Although uncertainties exist, 

it is believed that warmer temperatures and increased precipitation in formerly cooler and 

drier areas may provide a habitat for Aedes mosquitoes and lead to the spread of dengue 

(Key and DeNoon 1998). It is important to first grasp the relationship between dengue 

and climate variability before tackling the more difficult task of understanding how 

climate change will affect disease distribution given inter-relationships between the two. 

Climate conditions are particularly important in this study because the tropical 

species of Ae. albopictus is non-diapausing, meaning larvae do not enter a period of 

dormancy when temperature and moisture conditions are not conducive to survival and 

the eggs are not able to survive (Hawley, et al. 1987). As outlined in the above sections, 

moisture and temperature both play a role in the survival and reproduction of mosquitoes, 

and temperature plays another important role in the occurrence of dengue by affecting the 

biting habits of mosquitoes and viral development. 

Study Area 

Hawaii is composed of a series of volcanic islands with varied topography and 

climate. Located between 19°N and 22°N (Fig. Bl), the islands are dominated most often 

by the tropical easterlies (trade winds) causing the windward eastern sides of the islands 

to typically receive more rainfall than the leeward western sides. Most areas on the 
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leeward sides receive little rain and are classified as a desert, while areas on the 

windward sides are classified as tropical forests. The easterly trade winds normally 

dominate, but occasional wind shifts can bring rain to the leeward sides of the islands. 

Although rare, fronts occasionally pass over Hawaii, typically causing rain on the north 

and western portions of the islands (Sanderson 1993). 

Data 

The datasets used in the building of GIS layers include both human and physical 

landscape features in Hawaii (Table Bl ). Spatial temperature and precipitation, perennial 

streams, wetlands, and forest cover data were used in the delineation of potential 

mosquito habitat, and the addition of populated areas supplemented the habitat map to 

create a dengue potential map. 

Spatial climate information is a key variable in the determination of mosquito 

habitat. PRISM (parameter-elevation regressions on independent slopes model) data, 

spatial climate data developed using a knowledge-based system, are used in this study. 

Temperature and precipitation data were developed on a grid using station data, 

topography, and user input, and are verified using a variety of related spatial datasets 

such as satellite data (Daly, et al. 2002). For Hawaii, PRISM data are available at a 

resolution of 450 m, and in this study, average (1961-1990) monthly precipitation (Fig. 

B2) and temperature (Fig. 83) are used for the analyses. 

Few studies have examined the typical climate conditions under which Ae. 

alhopictus is able to survive, particularly in the tropics; most studies examine the specific 

extremes that decrease mosquito survival. Research focusing on the survival of larvae 
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Table B1. Sources of Spatial Data 

Dataset Source Additional Information 

Precipitation 
Spatial Climate Analysis 
Services 

Monthly and annual 
average, 450m resolution, 
1961-1990 

Temperature 
Spatial Climate Analysis 
Services 

Monthly and annual 
average, minimum, and 
maximum, 450m 
resolution, 1961-1990 

Perennial Streams Hawaii State GIS Program 

From: USGS Digital Line 
Graphs, 1983 version; 
CWRM Hawaii Stream 
Assessment database, 1993 

Land Use/Land Cover 
(populated areas, forested 
areas) 

Hawaii State GIS Program 
From: 1976 Digital 
Geographic Information 
Retrieval and Analysis 

Wetlands Hawaii State GIS Program 
From: National Wetlands 
Inventory Maps, 1978 
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and development to the adult stage has been conducted in a controlled environment 

within the laboratory (Hanson and Craig 1995; Alto and Juliano 2001b; Alto and Juliano 

2001a; Briegel and Timmermaim 2001), but direct field studies have been conducted as 

well (Tsuda and Takagi 2001) and these data provide the habitat thresholds for Ae. 

alhopictus used in this study. Mitchell (1995) summarizes research on Ae. albopictus' 

habitat in Europe, and reports that locations where the mosquito has become established 

typically receive more than 500 mm of rainfall annually. This value is used in the present 

study to determine the minimum annual precipitation required, but it ignores seasonal 

precipitation receipt, a crucial variable in a location with varied climates, such as Hawaii. 

The very dry summers experienced in leeward locations of Hawaii are unlikely to permit 

the survival of the mosquito, and therefore a seasonal precipitation variable was included 

in this study. An examination of seasonal precipitation receipt across the islands showed 

that June is typically the driest month on average on the leeward side, and average June 

precipitation is used to determine the seasonal cut-off Precipitation receipt of 40 mm 

during June, one-twelflh of the annual receipt of 500 mm, is used as the minimum 

threshold to establish a seasonal precipitation value. While specific thresholds were 

required to develop the model, exact values are not critical given that the goal of the 

research is to develop a generalized mosquito habitat map. 

While temperature is an important factor in mosquito biting habits and virus 

development within the mosquito, this study is not attempting to predict those factors and 

temperature is used in this study to aid in the determination of potential habitat. Mitchell 

(1995) reports that a monthly minimum temperature of 10°C during the coldest month is 



the approximate minimum temperature condition under which larvae can survive, and 

that value is used as a cut-off in this study. While short-term temperature and moisture 

extremes affect the day-to-day survival of mosquitoes (Tsuda and Takagi 2001), this 

study uses longer-term monthly data to delineate broad generalized mosquito habitat. 

Depending on flow amounts, perennial streams can either provide mosquito 

habitat in the form of stagnant pools, or remove mosquito larvae during periods of high 

flow. The Hawaii Department of Health cited low streamflow along the northeastern 

coast of Maui as a contributing factor to the 2001-2002 outbreak. Even though streams 

have the dual potential of increasing or decreasing overall mosquito populations, given 

the potential of streams to serve as mosquito habitat, they were included in this analysis. 

In addition, since Ae. albopictus is considered to be less peri-domesticated than Ae. 

aegypti, it may therefore be more likely to breed in natural water vessels. The 

approximate flight range of Ae. albopictus during its lifetime is 500 m (Rodhain and 

Rosen 1997), so a 500 m buffer was created around streams to account for the distance 

mosquitoes typically fly from their breeding grounds. Wetlands serve as a natural 

breeding ground for mosquitoes, and wetland locations were therefore included in this 

study in the analysis of potential Ae. albopictus habitat. As with perennial streams, the 

500 m buffer was applied to the wetland data in order to approximate the flight distance 

from the breeding ground. 

Vegetation cover was included due to the importance of microclimatic conditions 

for mosquito habitat (Mitchell 1995). Under equal climate conditions, forested areas 

have a higher humidity than cleared land, and are more conducive to the formation of 
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mosquito habitat and mosquito survival. Digital data on vegetation type were not 

available for all islands, so the use of land use/land cover data was explored and was 

determined to be an acceptable substitute. In particular, areas delineated as "forest land" 

were used in this study. 

For the dengue potential map, populated areas were added to the GIS model. 

Humans provide a breeding area for mosquitoes in the form of water vessels in and 

around the home, as well as a blood meal that can lead to the transmission of dengue. 

Data on populated areas were acquired from land use/land cover data, and include areas 

delineated as "urban or built-up land." While this description of a populated area is 

broader than simply including residential areas, the model seeks to include places where 

people may be working as well as residing. 

Other data were considered for inclusion in the model but were not selected in the 

final iteration. Layers including garbage dump locations and information on human 

behavior regarding water storage are likely useful in a model delineating dengue potential 

but these factors operate on a smaller scale than the other variables included in the study. 

Also, the model developed here is intended to generally outline mosquito habitat and 

dengue potential areas rather than precisely pinpoint those regions. 

Methods 

Species habitat modeling predicts the geographic distribution of a species based 

on factors such as climate conditions, geologic characteristics, topographic features, 

competition with other species, and other variables. One example is predictive vegetation 

mapping, which seeks to develop a model for mapping vegetation based on 
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environmental variables and applies that model to produce a predictive map (Franklin 

1995). Similar habitat modeling techniques can be applied to the modeling of most 

infectious diseases, which begins by predicting where the vector will be present. Studies 

have shown that modeling disease occurrence based on environmental conditions can be 

an effective way of developing a predictive spatial model. Past studies have modeled the 

spatial distribution of diseases such as Lyme disease (Glass, et al 1995; Nicholson and 

Mather 1996; Brownstein, et al. 2003), malaria (Beck, et al. 1994; Beck, et al. 1997; 

Hay, et al. 2002; Rogers, et al. 2002), hantavirus (Engelthaler, et al. 1999; Boone, et al. 

2000; Glass, et al. 2000), and Rift Valley fever (Linthicum, et al. 1999), as well as 

dengue. Many of these studies employed the use of gridded climate data and/or 

remotely-sensed data to determine vector habitat areas and then developed regression-

based predictive models. Such models provide a starting point for vector-control 

programs as well as outbreak-control should a pathogen be circulating through the vector 

population. Albert (2000) summarizes infectious disease studies that use GIS in 

modeling efforts and suggests that the integration of physical and human geographic 

perspectives in disease modeling is necessary in order to more completely delineate risk 

areas. The study presented in this paper seeks to follow this recommendation and 

improve upon the methods of past studies of infectious disease by including human 

features and designing predictive maps to respond to user inputs. 

Previous studies have developed dengue potential maps on both a global scale as 

well as a regional scale. Patz et al. (1998) and Hales et al. (2002) examined the possible 

change in the global distribution of dengue based on climate and population change, 
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while risk maps have been developed at the country scale for Argentina (Carbajo, et al. 

2001) and New Zealand (de Wet, et al. 2001) with environmental and social features as 

input. Dengue potential maps focusing on climate variability have not been developed 

for Hawaii, and none have been developed for any location at the relatively fine spatial 

resolution of 500 meters that is used in this study. Also, the maps developed in other 

studies were static, while those developed here are designed to be adjustable based on the 

input and knowledge of expert users. 

In this study, methods similar to those employed in other disease modeling studies 

were used. The creation of a dengue potential map of Hawaii first required the 

delineation of potential mosquito habitat. The mosquito habitat map outlined the area 

with suitable environmental conditions to support a population ofAe. albopictus. 

Locations across the islands that met the threshold requirements for the mosquito for both 

temperature and precipitarion were delineated, and the 500 m stream buffer was overlain 

on the temperature and precipitation areas to further define mosquito habitat. Then, 

through the addition of human features on the landscape, a dengue potential map was 

created. A dengue outbreak is not likely to occur simply where the mosquito is present, 

but rather near people given that it can breed in artificial containers and requires a blood 

meal for stages of the lifecycle. Therefore, populated areas were added as areas where 

the mosquito might breed near humans and acquire a blood meal, thus possibly 

transmitting the dengue virus. 

Validation of the model and map requires a spatially representative sample of 

mosquito surveillance data across the islands, which is currently unavailable. For this 



study, the maps were validated using case location data from the 2001-2002 outbreak 

(Fig. B4). While it is not ideal to use disease data to assess potential mosquito habitat, 

others have used similar methods of validation in the absence of mosquito surveillance 

data (Hopp and Foley 2003). Address-level case data were not available, so data 

reporting the towns and cities in which there were cases, available from the Hawaii 

Department of Health, were used. The map is not intended to provide the precise 

potential location of mosquitoes, rather a generalized habitat area, so the town-level 

independent data used for validation is at an appropriate scale. Another limitation with 

using case location data is that people may have been infected elsewhere, but the case 

location was reported as their hometown. 

Results 

Potential Mosquito Habitat 

Most of Hawaii receives at least 500 mm of precipitation annually, with the 

exception of low-lying, leeward areas on Maui, Lanai, Kahoolawe, and the Big Island 

(Fig B5a). Many leeward locations that receive at least 500 mm of precipitation on 

average experience extremely dry summers (Kolivras and Comric in prep) and are 

therefore unlikely to serve as mosquito habitat. The seasonal precipitation threshold, 

average June precipitation greater than 40 mm (Fig. B5b), delineates areas with 

acceptable precipitation levels for mosquito survival, and eliminates the driest locations 

from consideration. Most leeward locations are removed from potential habitat, with the 
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exception of areas on Maui and the Big Island given that topography and the climate are 

more varied on those islands. 

The spatial pattern of the temperature threshold is mainly a function of elevation, 

and the highest elevation locations fall below the level of a minimum temperature of 

1C)°C during February and are excluded from potential habitat (Fig. B5c). The low-lying 

islands ofNiihau, Oahu, Molokai, Lanai and Kahoolawe do not experience minimum 

February temperatures below the threshold, while high points on Kauai, Maui, and the 

Big Island are removed from potential habitat. The final climate map, figure B5d, is the 

intersection of figures B5a, B5b, and B5c, and highlights those areas with suitable 

temperature and precipitation levels to potentially provide mosquito habitat. 

Perennial streams and wetlands may provide mosquito habitat in areas that are 

otherwise not conducive to mosquito survival if precipitation receipt is too low. In figure 

B6a, streams and wetlands, with a 500 m buffer for both features, are overlaid with areas 

determined to have suitable temperature conditions for mosquito survival. While 

mosquitoes could survive in a wetland even if overall precipitation receipt is low, 

temperature is still a limiting factor. Therefore, wetland and stream buffer areas that are 

below the temperature threshold for mosquito survival have been excluded. 

Forested areas, figure B6b, often coincide with areas that receive over 500 mm of 

rainfall each year and therefore overlap with areas delineated as mosquito habitat given 

climate conditions. Some locations are designated as forest but are outside of the climate 

threshold region, particularly at high elevations on Maui and Hawaii and along Molokai's 

coast. As with high elevation wetland areas, temperature is likely a limiting factor in 
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high elevation forests and for that reason, forested areas outside of the temperature 

threshold region have been excluded. 

Dengue Potential 

A single static habitat map (Fig. B6c) was created from a union of the above 

factors, and populated areas were added to determine locations that are more likely than 

others to experience dengue transmission if the virus is introduced (Fig. B6d). Hawaii's 

population is concentrated near the coast, and with the exception of dry leeward 

locations, many populated areas are within the mosquito habitat zone. 

Adjustable Mosquito Habitat Maps 

By emphasizing different variables on the static habitat map (Fig. B6c), adjusted 

habitat maps can be created by public health decision-makers based on user preference 

and knowledge in order to visualize habitat areas differently. Two sample maps have 

been created as examples, the first emphasizing proximity to streams and wetlands and 

the second focusing on climate thresholds. 

Example A: To develop the stream/wetland-emphasis map (Fig. B7a), areas 

within the stream/wetland buffers that are below the temperature threshold were removed 

from analysis, as explained in a previous section, and those areas within 500 m of a 

stream or wetland are designated high dengue potential. Locations within the area 

meeting the climate thresholds are considered to be medium potential. 

Example B; Similarly, the climate emphasis map (Fig. B7b) prioritizes areas that 

have a suitable climate for mosquito habitat as high dengue potential, and areas near a 

stream or wetland are designated medium potential. Using these maps, mosquito control 
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resources could be concentrated in areas near streams and wetlands or in suitable climate 

areas, depending on the expert opinion of local public health and mosquito control 

officials. 

Spatial Pattern Validation 

The majority of towns that had cases during the 2001-2002 outbreak are located 

within the climate threshold area and the streams/wetland area. Of the 21 towns with 

cases, 18 were within the climate threshold area and 19 were within the streams/wetland 

area (Table B2). 

Discussion and Conclusion 

This study has identified mosquito habitat and dengue potential areas in Hawaii 

that are strongly linked to climate conditions. Examining climate alone, low and middle 

elevation windward locations often serve as appropriate mosquito habitat, while leeward 

and high elevations are typically too dry or too cold for mosquitoes to survive. Future 

work will apply the improved conceptual model to examine the shifts of mosquito habitat 

in Hawaii with climate variability and change. From an applied standpoint, the maps 

developed for Hawaii can change and adapt based on user inputs, which will aid in 

mosquito surveillance and outbreak prevention. 

The conceptual framework developed in this study illustrates research gaps in the 

area of mosquito habitat modeling. The research presented here also shows the 

development of an improved conceptual framework to be used for future research 

studying the dynamic and complex role that environmental variables play in the creation 

of mosquito habitat. Environmental conditions are characterized by variability and 
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Table B2. LocatioB of towns with cases during outbreak used for map validation. 

Within Climate Threshold Area 
Outside Climate 
Threshold Area 

Anahola, Kauai Paia, Maui Kihei, Maui 
Hanalei, Kauai Pukalani, Maui Lahaina, Maui 
Kalaheo, Kauai Wailuku, Maui Haleiwa, Oahu 
Kapaa, Kauai Aiea, Oahu 
Haiku, Maui Hauula, Oahu 
Hana, Maui Honolulu, Oahu 
Kula, Maui Kailua, Oahu 
Makawao, Maui Kaneohe, Oahu 
Nahiku, Maui 

Within Strea 
Thresho 

imAV etland 
d Area 

Outside Stream/Wetland 
Threshold Area 

Anahola, Kauai Paia, Maui Kula, Maui 
Hanalei, Kauai Wailuku, Maui Pukalani, Maui 
Kalaheo, Kauai Aiea, Oahu 
Kapaa, Kauai Haleiwa, Oahu 
Haiku, Maui Hauula, Oahu 
Hana, Maui Honolulu, Oahu 
Kihei, Maui Kailua, Oahu 
Lahaina, Maui Kaneohe, Oahu 
Makawao, Maui Laie, Oahu 
Nahiku, Maui 
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change, and mosquito models based on environmental variables need to reflect that 

perspective. Future work will concentrate on examining how climate variability results 

in an expansion or contraction of potential mosquito habitat. The results of a study 

examining precipitation variability at the sub-island level (Kolivras and Comrie in prep) 

will be applied to the results of this research to study how mosquito habitat may be 

modified with varied precipitation at both seasonal and inter-annual temporal scales, 

including the effect of El Nino/La Nina on mosquito habitat in Hawaii. Under average 

conditions, windward locations receive consistent precipitation year-round, thereby 

supporting mosquito growth throughout the year. Leeward locations (with the exception 

of the leeward Big Island) receive precipitation mainly during winter, and are relatively 

dry during summer (Sanderson 1993). It is expected that while leeward locations may be 

too dry on average for mosquito survival, seasonal conditions may be conducive to 

mosquito growth during the relatively wetter winter. 

On an inter-annual basis, the El Nino-Southem Oscillation could potentially affect 

mosquito habitat in Hawaii. A drought, whether associated with El Nino or not, may lead 

to the formation of stagnant pools in streams on windward sides of the islands, which 

would be an attractive breeding area for mosquitoes. Since the impact of El Nino/La 

Nina is consistent across the islands (Kolivras and Comrie in prep), the drought that may 

result in increased mosquito habitat on the windward sides of the islands would likely 

cause the leeward sides to be too dry at any point during the year to support mosquitoes. 

Above average rainfall received during La Nina events could produce the opposite effect 

- the creation of mosquito habitat on the typically dry leeward sides, and the elimination 
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of potential habitat in windward locations as increased stream flow removes larvae from 

breeding sites. 

Given the importance of micro-climatic conditions in the determination of habitat, 

better fine-scale information on mosquito survival is required to decrease uncertainty in 

future studies. The research presented here was limited by the absence of spatial 

mosquito surveillance data to develop and validate a fine-scale model, and regular 

surveillance can improve modeling as well as inform public health officials on the 

changing nature of mosquito distribution and timing for improved mosquito and disease 

control. Future work will concentrate on contributing to a comprehensive mosquito 

surveillance system using the results from this study. Initial surveillance will concentrate 

on collecting mosquito data from areas within and outside of the habitat area designated 

in this study, as well as in transition zones and will validate the maps developed here. 

The data gathered will allow for an examination of the seasonal trends in mosquito 

habitat, and over a long-term time period will expose shifts related to climate variability. 

The adjustable nature of the maps developed in this study allow users with expert 

knowledge of a place to adjust the input factors to develop a more precise map depending 

on local conditions. In fact, even with improved models and mosquito surveillance data, 

there is still no canonical "right" map. Thus, the opportunity for expert interaction is 

useful. In this framework, the results of this study serve as a generalized decision-

support mechanism rather than attempting to define precisely where mosquitoes and 

potential dengue outbreaks will be. By modifying inputs through a variable weighting 

process, decisions regarding mosquito and disease control can be adjusted based on 
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specific temporal and local spatial variation. Future work will involve interviewing the 

various stakeholders active in decision-making regarding mosquito and dengue control, 

such as epidemiologists, vector control specialists, and health department officials. One 

potentially useful follow-on to this study is to implement Analytic Hierarchy Process, 

which is a decision-support methodology that incorporates multiple criteria into a model, 

and discriminates between the specific preferences of various experts based on personal 

knowledge of the system (Saaty 1987). In the case of mosquito/dengue control in 

Hawaii, the input variables to the maps developed in this study will be weighted and 

adjusted in importance in the model based on the preferences of decision-makers, and 

new maps will be developed similar to the sample adjustable maps produced in this 

study. 

While the maps created in this study are useful to stakeholders in Hawaii who are 

attempting to control mosquitoes and dengue, the conceptual framework developed here 

can be used to further study mosquito-environment relationships in Hawaii and 

elsewhere. By adding the concept of dynamism and variability into previously static 

mosquito models in future research, fluctuations in populations with environmental 

variability can be more closely estimated. While eradicating mosquito-bome diseases is 

highly unlikely, understanding the interacting environmental factors related to mosquito 

habitat will greatly improve disease control and will allow health departments to 

concentrate limited financial and personnel resources in appropriate areas. 
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outbreak 
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ABSTRACT: A dengue outbreak in Hawaii, centered on Maui, was the first experienced 

in the islands since the 1940s. Uncertainty and misinformation was present through the 

early stages of the outbreak. In this study, the potential stigmatization of those living in 

the outbreak region of Maui is examined using content and discourse analyses. An 

examination of newspaper articles about the outbreak indicates that stigmatization did 

occur among residents who lived in the outbreak region, regardless of disease status. 

Instances of stigmatization followed public appeals for the quarantine of those living in 

the area where the outbreak occurred. Interviews and surveys with residents of Maui also 

reveal stigmatization and indicate that while newspapers are an extremely common 

source of information regarding the outbreak, a variety of information sources were 

important during the Maui outbreak. The results of this study are applicable to Hawaii as 

well as other regions in which the mosquito vector is present that may experience a 

dengue outbreak for the first time. Recommendations based in this research include 

education on the spread and control of dengue early in the outbreak and an immediate 

response by public officials to resolve misinformation. 
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Introduction 

Stigma, one way in which the social construction of disease is expressed, is 

referred to by Goffman (1963) as a discrediting attribute associated with a particular 

stereotype that results in a response or action from someone without the attribute. 

Alonzo and Reynolds (1995) summarize the concept of stigma as representing "a 

construction of deviation from some ideal or expectation, whether the ideal is for 

'correct' sexual orientation or to be free of a disfiguring or fatal infectious disease." 

Schulze and Angermeyer (2003) specifically apply Goffman's concepts of stigma to 

disease and find that "those with disease feel illness and associated stereotypes often 

shape people's perception of them and thus impose an illness identity on them, regardless 

of whether they currently experience acute symptoms of the illness or not." 

Disease stigma can be partly based on geography or ethnicity. Gilman (1999) 

reports that since cholera was considered to be an "Asian" disease in the past, people 

living in or from the region were stigmatized. Similarly, during the initial period of the 

AIDS epidemic in the United States, Haitians faced persecution since some early cases 

occurred among the Haitian population (Farmer 1993). On a much smaller scale, 

individual buildings or hospital campuses, such as St. Lawrence's asylum, can be seen as 

stigmatized places based on purpose, and stigma can continue to be encountered when 

attempting to change the use of the place (Cornish 1997). While addressing industrial 

hazards rather than disease, Gregory et al. (1995) discuss the stigmatization of places 

based on the perception of risk, whether or not there is a tangible physical impact. 

Much of the recent literature on the stigmatization of those with an infectious 



disease is related to HIV/AIDS, and many stigma-related concepts facing those with 

HIV/ADDS are applicable to dengue. It is documented that people infected with HIV face 

stigmatization that interferes with testing and with their care (McGrath 1992), and a 

similar response could affect those infected with dengue. After initial negative social 

responses to an outbreak, concern over the release of information on disease status to the 

public may dissuade people from seeking treatment. The notion of "personal 

responsibility," also studied recently with a focus on those with HIV/AEDS (McGrath 

1992), is applicable to other infectious diseases. The assignment of blame regarding the 

beginning of the dengue outbreak (the individuals] responsible for introducing the virus 

to Hawaii) and its continuation (those with breeding sites on their property) is another 

form of stigmatization that may affect treatment (McGrath 1992; Herek, et al. 2002). 

Most research on stigma associated with an infectious disease, other than HIV/AIDS, has 

been conducted on diseases of the developing world in Africa and Asia that typically 

have a physical manifestation of infection that is obvious to others. Studies of lymphatic 

filiariasis (elephantiasis) (Hunter 1992; Rauyajin, et al. 1995; Gyapong, et al. 1996), 

onchocercal skin disease (Brieger, et al. 1998; Vlassoff, et al. 2000), and most recently 

severe acute respiratory syndrome (SARS) (Person, et al. 2004) found instances of 

stigmatization that resulted in neglect from others and a reluctance to seek treatment. 

Education on the difference between perceived and actual risk has been suggested as a 

way to reduce the stigmatization of those with an infectious disease (Stansbury and Sierra 
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In September 2001, an outbreak of dengue was identified in Hawaii, centered on 

Maui, the first outbreak in the islands since the 1940s (Gilbertson 1945; Wilbar 1947). 

Given that dengue was new for the vast majority of Maui's residents, there was a great 

deal of uncertainty about the disease when cases were first diagnosed and reported to the 

public. With about 50 million infections per year and approximately 2.5 biUion people 

living in an endemic region (World Health Organization 1998), dengue is the most 

important mosquito-bome disease that is caused by a virus (National Research Council 

2001). Spread through the bite of several species of the Aedes mosquito, the disease has 

become a significant problem particularly in developing countries. Since the end of an 

eradication program in the 1970s designed to eliminate the mosquito vector, dengue has 

spread beyond the area inhabited prior to the start of the program. The disease is present 

throughout much of the tropics and sub-tropics, including regions in Mexico, the 

Caribbean, Africa, and southeastern Asia (Centers for Disease Control and Prevention 

2001). 

Very little attention has been given to the social impacts of a dengue outbreak. A 

study of dengue hemorrhagic fever in Delhi, India found the presence of class-based 

stereotyping but focused more on the role of the state in controUing the outbreak than 

social impacts (Addlakha 2001). This research addresses this gap in the literature by 

detailing stereotyping diseased individuals as an example of social impacts of a dengue 

outbreak. Also, as a public health application, stigma surrounding a disease can make 

people less likely to seek treatment and make outbreak control efforts less successful 

(McGrath 1992). Therefore, the aims of this research are to examine stigmatization and 
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the social impacts of the dengue outbreak as well as recognize the educational needs 

regarding dengue that may minimize social impacts for residents. Specifically, this 

research seeks to answer the following broad research question: 

• How is stigma associated with the social construction of disease manifest 

during a dengue outbreak? 

Applied sub-questions relative to the outbreak in Hawaii include: 

® In what ways were people who lived in the outbreak area (or were known 

to have contracted dengue) stigmatized by others on Maui? 

e How was information on the outbreak presented to residents that may have 

calmed or increased fears about the disease? 

• How can public health outreach and education be applied more effectively 

in order to avoid stigmatization? 

In this paper, a brief overview of dengue is followed by a discussion of the 

outbreak that occurred in Hawaii. The methods and results of the paper follow. 

Dengue Background 

The principal vector of dengue is Aedes aegypti, although several other Aedes 

mosquitoes are also capable of transmitting dengue including Ae. alhopictus and Ae. 

japonicus; Ae. alhopictus was implicated in the Hawaiian outbreak that is the focus of 

this study (Clark, et al. 2002). A dengue infection can be caused by one of four distinct 

dengue virus serotypes (DEN-1, DEN-2, DEN-3, and DEN-4). An infection with a 

specific serotype grants immunity against future infections from that particular serotype, 

and therefore, it is possible for someone to be infected with all four serotypes in their 



lifetime (National Research Council 2001). It is thought that if someone is infected with 

multiple serotypes, the probability of developing dengue hemorrhagic fever (DHF) 

increases, given that the hemorrhagic form of the disease has been documented in places 

where more than one serotype is present (Halstead 1997). 

Three factors are required for a dengue outbreak to occur. The Aedes mosquito 

must first be established in a location that has an average climate warm and wet enough 

to support the mosquito population. Then, the virus needs to be brought to the location 

from an endemic place by an infected person. Lastly, a human population susceptible to 

the particular dengue serotype introduced is needed. For example, if an outbreak in the 

recent past infected much of the population with DEN-2 and that particular serotype is re

introduced, a widespread outbreak would not occur. Once mosquitoes are established, an 

epidemic may occur in a non-endemic location when the virus is introduced, such as by a 

traveler returning from a location where dengue is endemic. When an Aedes mosquito 

bites a person infected with the dengue virus and itself becomes infected, the epidemic 

cycle is initiated, and the cycle continues when the infectcd mosquito bites a susceptible 

person and the virus is transferred. 

Symptoms appear after an incubation period of several days and include fever, 

severe headache, joint and back pain, and nausea. Those experiencing the hemorrhagic 

form of the disease can suffer from skin and internal hemorrhaging in addition to the 

previously mentioned symptoms (Halstead 1997). Pain relievers and fluid replacement 

therapy can be used to ease the symptoms of dengue given the lack of a specific 

treatment, and DHF often requires hospitalization (Centers for Disease Control and 



97 

Prevention 2002). While the case fatality rate for dengue itself is very low, when deaths 

from DHF are included, the case fatality rate ranges from 1% to 5% (Halstead 1997). 

Until the 1920s, frequent dengue outbreaks were experienced in the eastern and 

southeastern U.S., from South Carolina across the south to Texas (Gubler 1997). The 

number of endemic cases was reduced through modified living conditions, such as the 

increased use of window screens and air conditioning, and the vast majority of dengue 

cases within the U.S. in recent times were acquired elsewhere by U.S. residents traveling 

to endemic locations. For example, there were 21 laboratory-diagnosed cases of 

imported dengue in 2001 (Clark, et al. 2002). The Hawaiian outbreak that is the subject 

of this study and a 1999 outbreak in Texas (Pena, et al. 2001; Clark, et al. 2002) show 

that autochthonous transmission of dengue does sometimes occur within the U.S. 

Studv Area 

After the Aedes mosquito was introduced in Hawaii in the late 1800s, the islands 

experienced dengue outbreaks throughout the early 1900s to World War 11, when the last 

epidemic was experienced (Gilbertson 1945; Wilbar 1947). No major outbreaks with 

local transmission occurred in Hawaii until the 2001 outbreak, although cases occurred in 

people who had traveled to and became infected in endemic places. Small, isolated 

epidemics may have occurred in recent times as travelers brought the virus to the islands, 

but the ill may not have sought treatment and the cases were not reported. 

The northeastern portion of Maui (along the Hana Highway, referred to in the 

paper as the "outbreak region") was the focal point of the dengue outbreak that is central 

to this study (Fig. 1). The investigation into the outbreak on Maui began on September 



Figure CI. Study area. Locations with cases during the 2001 -2002 outbreak are in bold. Sources: digital 
elevation model — United States Geological Survey; case locations - Hawaii Department of Health 
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12, 2001 with the suspicion of cases in the Hana/Nahiku area. The peak of the epidemic 

was mid-September 2001 when the first cases were diagnosed, and the last case was 

diagnosed in early February 2002; cases were retroactively confirmed to May 2001 after 

the epidemic investigation began (Fig. 2). Of the 119 cases reported in Hawaii, eighty-

nine were on the island of Maui and 77 cases were located in the northeastern region of 

the island along the Hana Highway (Fig. 1). 

Tourism generates considerable revenue for the state and is a major employer in 

the islands (Hawaiian Tourism Authority 2003). Assessing the economic impact of the 

dengue outbreak on the Hana region is difficult given that the outbreak occurred 

immediately following the attacks of September 11, 2001, and tourism on the islands in 

general had declined (Hurley 2001b). The slowdown in tourism affected the islands 

overall, while the dengue outbreak specifically impacted the northeast coast of Maui, and 

the general impact on tourism in that region was greater than elsewhere on the islands 

given the double effect on tourism from September 11 and dengue. For example, local 

newspapers reported that visitors to the outbreak area of Maui were specifically canceling 

their reservations due to fears about the dengue outbreak, and tourists who did make the 

drive along Hana Highway often stayed in their cars (Hurley 2001b). 

Data and Methods 

The research questions, both broad and applied, are answered using a mixed 

methods approach. Newspaper articles written during the outbreak are first examined 

quantitatively using a content analysis to determine the timing of the main themes present 

during various episodes of the outbreak, and information within the articles is then 
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Figure C2. The peak of the outbreak was shortly after cases were diagnosed in mid-
September, and previous cases were diagnosed retroactively. (After Kolivras 2004) 
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studied using a discourse analysis to determine the specific contributions to 

stigmatization present in newspapers. Finally, issues surrounding potential stigma during 

the outbreak as well as education needs to limit stigmatization are explored using surveys 

and interviews with residents of Maui and health department officials. 

Analysis of News Articles 

A content analysis of newspaper articles about dengue during the outbreak was 

conducted as a way to determine how information was presented to the public by the 

media. A content analysis is a quantitative way of classifying and evaluating textual data 

(Weber 1990; Krippendorff 2004), and was used in this study to evaluate the timing of 

information provided to the public about dengue and the outbreak. The specific 

information provided to the public, and the manner in which it is provided, can affect 

how those living in the outbreak area are treated socially by other residents of Maui and 

can play a role in creating or supporting stigma. The study time period was defined as 

September 21, 2001 (the day information about the outbreak was released) to May 13, 

2002 (the day the outbreak was declared to be over), and articles published on and 

between these dates were included in the study. A total of 145 articles, opinion pieces, 

editorials, and letters to the editor (collectively referred to in this paper as "articles") in 

The Honolulu Star-Bulletin (61 articles) and The Honolulu Advertiser (84 articles), major 

newspapers for the Hawaiian Islands, were included in the analysis. Articles were 

limited to those that directly discussed the 2001-2002 dengue outbreak. 

Articles were examined for specific themes and topics related to the dengue 

outbreak. While articles were examined for a wide variety of topics, only those relating 
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to stigmatization and the social effects of the outbreak are discussed in this paper (Table 

1). During the analysis, a tally was kept as to how many articles discussed a specific 

topic. Articles were read and analyzed twice by the author for accuracy and quality 

control purposes (Weber 1990). A temporal analysis was conducted in which the number 

of articles mentioning each topic was summed and calculated as a percentage of the total 

number for articles for the week. The percentage of articles per week for each topic was 

then graphed and compared to determine which topics were presented in the newspapers 

early or late in the outbreak, or throughout the outbreak. 

Following the quantitative analysis of newspaper articles and topics, a discourse 

analysis of quotes and themes within the articles was conducted. Discourse analysis is a 

qualitative way of examining verbal communication in which conversation is seen as 

active and is evaluated in the surrounding textual context (Wood and Kroger 2000). 

Relevant quotes and discussions of the different themes surrounding the outbreak are 

analyzed as to how they may have contributed to the creation of stigma for residents of 

the Hana area (Wood and Kroger 2000). In this paper, the overall results of the 

quantitative content analysis are discussed first and comparisons are made between the 

timing of different topics appearing in newspapers. Then the topics are discussed 

individually and include results of both the content and discourse analyses. 

Surveys and Interviews 

Both Maui residents and public health officials from the Maui district office were 

interviewed to better understand stigma and education efforts and effectiveness. Twenty-

five residents of Maui were surveyed and interviewed about the outbreak in order to get 
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Table 1. Topics examined in newspapers during content analysis; those discussed in this 
paper are bold 

Topic 

Quarantine 
Stigma 
Spread of infection 
"Not spread person-to-person*' 
Public education efforts 
Symptoms 
Number of Cases 
Location of Cases 
Dengue hemorrhagic fever 
Dengue as a global problem 
Introduction of virus by travelers 
Local transmission on islands 
Prevention/Mosquito Control 
Controversy surrounding insecticide use 
Outbreak-associated job creation 
Economic impact of outbreak 
Role of government 
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more personal and detailed information about their opinions on the outbreak, and a 

discourse analysis was conducted on their responses. Surveys and interviews were 

conducted at random at the Kahului public library both during mid-day and late afternoon 

on weekdays. The library was selected as the recruitment site because only residents of 

Maui were being recruited to participate, and tourists are less likely to visit a town library 

than other public places. All but three survey/interview participants, including both men 

and women of various ages, had lived on Maui for at least five years, and all had lived on 

Maui during the dengue outbreak (Table 2). Only one person who was interested in the 

study was ineligible because she had very recently relocated to Maui. Others declined 

participation before their residency time could be established. Participants first filled out 

a short survey that contained general questions regarding their knowledge of dengue and 

their reaction to the outbreak (Table 3). 

After completing the survey, unstructured interviews were conducted with the 25 

survey participants in which people shared their insights about the outbreak. The 

unstructured approach was preferred over a more structured approach because 

interviewees were free to discuss any topics related to the outbreak that they felt were 

important (Parfitt 1997), and follow-up on survey answers was permitted with the 

unstructured format. The intent of the surveys and interviews was not to develop 

quantitative relationships between responses, but rather to develop a more in-depth 

understanding of issues surrounding the outbreak and stigmatization, as well as education 

needs. Therefore the relatively small sample size of survey and interview participants is 

appropriate in this case. Recall bias was a concern given that the surveys and interviews 



Table 2. Characteristics of Interview/Survey Participants 

Gender Male 11 
Female 14 

Age 18-29 3 
30-39 3 
40-49 7 
50-59 6 
60-69 1 
70-79 5 
80-89 0 
90+ 0 

Ethnicit>'(*) Native Hawaiian 1 
Asian 2 
White/Anglo 20 
Hispanic 3 
African 1 
Native American 1 

Maui Residency < 5 years 4 
5-10 years 5 
11-20 years 7 
> 20 years 9 

(* - Some participants identified with more than one ethnicity) 
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Table 3. Interview/Survey Questions 

General Questions Outbreak-related Questions 

Gender 
Before the outbreak began, had you heard of the disease 
'dengue'? If yes, what did you know about the disease, or had 
you just heard the name before? 

Age 
Before learning more about dengue, did you think it might be 
contagious (spread person-to-person)? 

Ethnicity 
Did you fear contracting dengue? If so, how did you change 
your daily routine, if you changed anything? 

Length of Maui 
residency 

Did you fear contracting dengue from face-to-face contact with 
people living in the Nahiku/Hana area? 

Town of residence 
During the outbreak, if you met someone from the Hana/Nahiku 
region do you recall treating them differently because of the 
dengue outbreak? If yes, how so? 
Did you avoid traveling to the Hana/Nahiku region during the 
outbreak? 
During the outbreak, how did you get information about 
dengue? 
What would've been the best way to get information? 
(Newspaper, pamphlets, mailing, TV ads, postings in public 
places, internet, etc.) 
During the outbreak, what kind of infonnation about dengue did 
you want? 
Is there anything you'd like to add? 
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were conducted two years after the outbreak, but initial conversations with Hawaii 

Department of Health (DOH ) officials and the general public showed that dengue and the 

outbreak remained clear in the minds of residents. When preliminary questions were 

asked of participants regarding their eligibility for the study, all who resided on Maui 

during the outbreak quickly recalled specific details about the time. Two surveys with 

interviews from this study particularly relevant to the issue of stigma are selected as case 

studies, and those responses are discussed in greater detail. Finally, three public health 

officials on Maui were interviewed in January 2003 and January 2004 regarding their 

response to the outbreak, the occurrence of stigmatization, and the specific education 

efforts employed in attempts to control the outbreak and minimize social impacts. 

Results 

Newspaper Analysis 

The content analysis revealed that the heaviest reporting of topics related to the 

outbreak occurred during the first five weeks, with a peak of 29 articles in week five (Fig. 

3). This result is expected given that the bulk of the cases were suspected or confirmed 

during that time period, and early in the outbreak, the newspapers provided much general 

information on the details of dengue to the public. During six weeks, specifically weeks 

12, 15, 22, 28, 29, and 32, the dengue outbreak was not mentioned in any articles. Most 

articles discussed more than one topic, and some topics, such as an update on the total 

number of cases, were present in many articles. 
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Figure C3. The peak in total articles per week discussing the dengue outbreak occurred about 
one month after the first newspaper report on September 21, 2001. Weeks are defined as 
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the outbreak. 
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Spread of Infection 

Information on how dengue is spread was reported early, beginning in the first 

week of the outbreak and continuing weekly through week ten, and less regularly later in 

the outbreak (Fig. 4a). Articles specifically making the point that dengue is not spread 

directly from person-to-person were examined separately but included in the total of 

articles discussing the general spread of the disease. Articles addressed the person-to-

person spread during the same timeframe as those explaining the general spread of 

dengue, but fewer articles explicitly made the point (Fig. 4a). Not every article that 

explained the spread of dengue by mosquitoes stated that the disease could not be spread 

person-to-person, which may have lead to a misunderstanding about the disease that 

contributed to stigmatization. 

On the first day that information about the outbreak was released. The Star-

Bulletin included an explanation from public health officials on how dengue is spread 

from an infected person by mosquitoes to another person and specifically stated that the 

disease is not spread person-to-person (Altonn 2001). Two days later. The Advertiser 

reported on the spread of dengue by mosquitoes but neglected to state that it is not 

contagious (Wilson 2001) and did not provide this information until October 2,2001 

(Lum 2001). Throughout the remainder of the outbreak, articles in both newspapers 

included information more sporadically on how dengue is spread. Beginning in mid-

October, near the time when reports of stigmatization surfaced, both newspapers included 

statements regarding dengue not being spread person-to-person alongside explanations of 

its spread by mosquitoes. Explicitly coupling the two points, that dengue is spread by 
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Figure C4. Appeals for the quarantine of infected people and those in the 
outbreak region and mention of stigmatization (a), information on how 
dengue is spread and the explicit mention of "no person to person 
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mosquitoes and is not spread person-to-person, earlier in the outbreak would likely have 

been more effective as public education. 

Quarantine 

People who were fearful for their safety and who did not have a clear 

understanding of how dengue was spread called for strict control measures, which 

resulted in the stigmatization of those in the outbreak area. Appeals for the quarantine of 

individuals with dengue, or of northeastern Maui by closing the Hana Highway, came 

from private citizens and a public official and were offset by opponents, and both sides 

were represented in newspaper articles. While calls for the implementation of a 

quarantine does not specifically represent the stigmatization of people, it can lead to an 

unnecessary fear of those within the suggested quarantine region by outsiders and can 

indirectly result in stigmatization. Articles discussing quarantine (Fig. 4b), which 

appeared shortly before the newspapers began reporting instances of stigmatization, may 

have supported the stigmatization of residents of the region. Quarantine was only 

mentioned in articles early in the outbreak, during weeks two, three, and six, while stigma 

(examined in greater detail later in the paper) was discussed during weeks five through 

seven and week ten. 

The first call for quarantine came on September 29, 2001 and was published in 

both The Star-Bulletin and The Advertiser from a county official who argued that closing 

the roads to Hana would protect other areas on Maui and thus protect the island's tourism 

industry (Hurley 2001 d). The official also argued that those with confirmed cases should 

be quarantined in Hana and Nahiku (Kubota 2001). There was no response by public 
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health officials, and on October 3, 2001 an editorial in The Star-Bulletin argued for a 

quarantine to protect the state's economic interests (Editorial Staff 2001). A state public 

health official responded to appeals for the quarantine on October 4, 2001 in The 

Advertiser, arguing that a quarantine would not be an effective measure given that some 

people infected with dengue are asymptomatic (Wright 2001). There was no immediate 

response to arguments for quarantine in The Star-Bulletin, with the exception of a letter 

to the editor, written by a resident of the outbreak region, which discussed the importance 

of leaving remarks about quarantine "to the experts" (Christierson 2001). The topic was 

revisited for the last time during the outbreak in an October 27, 2001 article in The 

Advertiser. The State Health Director reiterated the uselessness of a quarantine, given the 

large number of people who travel between Hawaii and other regions of the Pacific in 

which dengue is endemic (Anwar 2001). While those living in the outbreak region and 

those infected with dengue would likely have been stigmatized in some way regardless of 

other factors, appeals for their quarantine, particularly from a county official, probably 

contributed to or worsened the response by the general public. 

Stigma 

Instances of stigmatization occurring among residents of northeastern Maui were 

first reported during the fifth week of the outbreak, and were last discussed during the 

tenth week (Fig. 4b). This result is expected because after initial uncertainty about the 

outbreak passed, the public became more educated about the disease and how it is spread, 

and felt less fear toward those who lived in the outbreak region. Also, as previously 

mentioned, the stigmatization toward those with dengue followed support, by a public 
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official as well as the general public, for the quarantine of the region or of those with 

dengue, which could lead to an unfounded fear of those living in the quarantine area. 

Most cases were diagnosed during the first few months of the outbreak, and as the 

number of diagnosed cases decreased it is not surprising that public fear decreased as 

well. 

An October 16, 2001 article in The Advertiser, the first to report cases of 

stigmatization related to the outbreak, cited several specific examples (Hurley 2001b). 

One Hana resident, when shopping in Kaliului, mentioned to a store employee that she 

was from Hana, and the employee "took a noticeable step back," and another resident 

reported that she heard rumors that Hana residents were not welcome in some stores 

outside of the outbreak region (Hurley 2001b). Another man, who did not want to be 

identified in the article for fear of "being ostracized," mentioned that he had been 

infected with dengue and began receiving "phone calls from strangers who warned him 

not to spread the disease" (Hurley 2001b). The same individual attended a community 

public health meeting intended to educate and update residents on the outbreak, and the 

resident left after others demanded to know the identity of those infected with dengue and 

the meeting atmosphere became "hostile" (Hurley 2001b). 

The topic of stigma received no attention or response from officials until a follow-

up article the following week, again in The Advertiser. In this article, several victims of a 

dengue infection reported instances of stigmatization and did not want to be identified in 

the article (Hurley 2001c). The only government response came from a state senator, 

who contracted dengue, and stressed the need for people to become educated on dengue 
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and the way in which it is spread (Hurley 2001c). Finally, the article discusses 

unconfirmed rumors that residents of the outbreak region were discouraged from 

attending the county fair in early October (Hurley 2001c). The Star-Bulletin did not 

report on the stigmatization that occurred among residents of the outbreak region at any 

point during the outbreak. 

Public Education 

Public education efforts, including public meetings and the distribution of 

pamphlets and verbal information, served to minimize the social impacts of the outbreak 

and to inform the public on mosquito control efforts, both government-supported and 

individual. At the same time, however, public meetings occasionally became a place 

where stigmatization occurred. Articles discussed education efforts by government 

officials and employees throughout the duration of the outbreak but were concentrated 

near the beginning of the outbreak; public education issues were mentioned in articles 

during the first eleven weeks (Fig. 4c). This result is logical given that education needs 

were highest during the first few months of the outbreak. 

Articles regularly discussed the method of education (e.g., meeting, pamphlets) 

but rarely discussed the specific content or information provided to the public during 

those meetings. It appears, however, that most early education efforts were concentrated 

in the outbreak area. The newspapers report public meetings in Hana, Nahiku, and Haiku 

early in the outbreak but do not mention education outreach to other areas of Maui or the 

state. Following an October 2, 2001 Star-Bulletin article that reported on the suspicion of 

dengue cases on other islands (Reyes 2001), The Advertiser reported on October 3,2001 
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that the DOH plans to "disseminate additional information to educate the public across 

the state" (Hurley 2001a). 

Resident Survey and Interview Analysis 

I will now discuss the survey and interview results. Few participants had heard of 

dengue prior to the outbreak and about half of those surveyed believed that dengue was 

contagious or transmitted through face-to-face contact. The case studies below examine 

two situations in which people treated residents of the outbreak region differently during 

the outbreak. While this small sample is likely not representative of Maui residents, any 

instance of stigmatization warrants the attention of public health officials and represents 

educational needs that were not met. 

All respondents cited the newspaper as a preferred way to get information during 

the outbreak, but also used other sources. One participant gave a more detailed response, 

citing frequent updates as the reason for preferring newspapers as well as television news 

reports. Another respondent suggested providing information on future outbreaks in a 

free newspaper, which might be accessible to more people. Other preferred sources of 

information mentioned during the interviews included mailings, public meetings, 

television, e-mail, the Internet, radio, health professionals, and word-of-mouth. Some 

participants knew people who had traveled to regions of the world where dengue is 

endemic and relied on them for information. 

Case 1 

A female resident of Makawao in her 20s had never heard of dengue before the 

outbreak, and initially believed that the disease could be spread person-to-person and 
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feared contracting dengue from face-to-face contact with residents of the outbreak region. 

During our interview, she reported that while she treated people from the outbreak region 

differently because of the dengue outbreak, it was only in a joking manner. As an 

example, she stated that if she met someone from the area, she would jokingly take a step 

back from them after hearing their hometown. It appears that even though the reaction 

was intended to be construed in a teasing, not serious manner, an individual from the 

outbreak region could feel as though they were different and a person to be feared, 

potentially leading to stigraatization. The woman said that she wished she had been 

provided with information on whether dengue was contagious or not during the early part 

of the outbreak. 

Case 2 

A male resident of Kahului in his 70s had heard of dengue while serving in the 

military, but admitted that he did not know much about the disease prior to the outbreak. 

He reported that he thought the disease might be contagious, feared contracting dengue 

from face-to-face contact with residents of the outbreak region, and stated that he would 

"stay far away and talk to them." During the interview process, he clearly explained the 

transmission cycle of dengue, so while he did not have a thorough understanding of how 

dengue is spread during the outbreak, education efforts regarding transmission by 

mosquito appeared to be successful in this case. 

Public Health Interviews 

Interviews with three public health officials, as well as information gleaned from 

newspaper reports, revealed that education efforts throughout the outbreak were thorough 
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in providing information through a variety of outlets including: the establishment of an 

information center in Haiku and Hana, the provision of mosquito repellant and 

information for tourists along the Hana Highway, the establishment of a hotline for 

information and counseling, the scheduling of community meetings, an information stand 

at the county fair, and the distribution of pamphlets containing information about dengue 

and its transmission. The pamphlets discussed transmission, and explicitly stated that 

dengue is not spread from person-to-person, but rather is transmitted through a 

mosquito's bite (Hawaii Department of Health 2001). 

Discussion and Conclusion 

The results of this study show that, in spite of a dearth of research on stigma 

related to a dengue outbreak, the potential exists for the stigmatization of those living in 

an outbreak area. Comparable to other diseases, such as HIV/AIDS, stigma is 

experienced early in a dengue outbreak when fear of an unknown disease is greatest and 

public education is minimal. Once education efforts are increased, potential 

stigmatization appears to be reduced. In northeastern Maui, people report being 

stigmatized, whether or not they were actually infected with the dengue virus, based on 

the location in which they lived or worked. They expressed fear of a non-contagious 

disease before the transmission cycle was understood. 

The information provided in newspapers may have played a role in the existence 

of stigma, given the presence of discussions about quarantine and the neglect to report 

that the disease is not spread person-to-person whenever transmission was explained. 

Schulze and Angermeyer (2003) in their research on mental illness contend that "a 
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central area for intervention are the media" and this argument is applicable to other 

stigmatizing situations, including infectious diseases. As a source of information during 

an outbreak, newspaper reporters and editors should be aware of their responsibilities to 

provide balanced, accurate, and detailed information on which decisions can be made. 

Survey and interview data also reveal stigmatization at some level, as well as the 

need for education early in the outbreak. While education efforts by the DOH were 

thorough in method, with a variety of outreach types, the content analysis reveals that the 

timing and spatial coverage of information provision was not thorough. The provision of 

specific information on the spread of the disease very early in the outbreak across all of 

Maui, if not the entire state, might have prevented residents of the outbreak area from 

being stigmatized. 

The results of this study will be applicable both in Hawaii and in other regions of 

the world that may be experiencing an outbreak of dengue, or another infectious disease, 

for the first time. If there is a possibility of an outbreak occurring in a certain region 

(e.g., dengue), due to the presence of the disease's vector (e.g., Aedes mosquito) and the 

potential for the virus' introduction through international travel, educational materials can 

be prepared before an outbreak occurs in order to be ready to provide information on the 

disease immediately should cases be recognized. A quick response to an outbreak can 

limit the amount of stigmatization that occurs in a community, stigmatization that might 

hamper outbreak control efforts if people are hesitant to seek treatment. 

Based on the results of this research, it is recommended that health departments 

located within areas where dengue could potentially emerge (i.e., places where the Aedes 
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mosquito is established) should prepare dengue education material prior to the 

introduction of the disease, so that should an outbreak occur, health officials are prepared 

to immediately inundate the region with education messages. Material, including pre-

prepared press releases and pamphlets, should include explicit messages regarding the 

spread of the disease, and assure the public that the mosquito is responsible for spreading 

the disease rather than face-to-face contact and that dengue is not spread person-to-

person. Instead of simply concentrating education efforts in or near the outbreak area, 

outreach should extend into much larger area to ensure that those living in the outbreak 

region are not stigmatized or ostracized. Incorporating a large spatial extent into 

education efforts will also aid in outbreak control efforts should dengue spread. If 

residents of an outbreak do experience stigmatization, there should be an immediate 

response by the health department to dispel rumors that could threaten disease control. 

The main limitation of this study is in regard to the generalizability of results. 

Hawaii, and more particularly the Hana area, has a unique cultural, social, and 

environmental setting that limits the applicability of the specific results of this study to 

other areas. However, while the situation in Hawaii is somewhat distinctive given that 

the Hana region is fairly isolated, other areas could potentially experience similar 

stigmatization during a first dengue outbreak and the broad recommendations based on 

the results presented here are useful to other health departments. A primary result of this 

study is the importance of early education and the preparation of educational materials 

before the beginning of an outbreak, which is clearly generalizable to other areas. Future 
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studies of this nature would be more effective if researchers could interview residents 

during the outbreak, decreasing any recall bias. 

Health departments could limit stigmatization, which would aid in dengue control 

efforts, by designing educational materials to distribute to the public immediately after 

cases are diagnosed and by preparing announcements to circulate to news agencies. 

Useful sources for the preparation of educational material on dengue include the Centers 

for Disease Control and Prevention and the World Health Organization. 
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