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ABSTRACT 
One possible outcome of climate change is the spread of vector borne diseases. According to the 

World Health Organization, vector borne diseases account for more than 17% of all infectious diseases, 
killing more than 700,000 people annually. Warming temperatures can cause vectors to spread into more 
favorable environments, increasing the rate that mosquitoes and viruses reproduce, mature, and spread. 
A particularly important mosquito vector is Aedes aegypti, known as the “Yellow Fever” mosquito. We 
explored the temperatures at which Aedes aegypti can transmit Zika and dengue, predicted where in 
Oklahoma temperatures are suitable for Aedes aegypti to carry out this process, and determined the 
potential effects of temperature fluctuations due to climate change on transmission potential (days out of 
the year where R₀ > 0). Using daily temperature data collected by the Oklahoma Mesonet since 1999, we 
determined where there were suitable conditions for Zika and dengue transmission by Aedes aegypti by 
comparison with upper and lower temperature limits for each virus. Using downscaled climate projections 
developed by the Climatology Lab at the University of Idaho, we evaluated the average temperature shift 
throughout the state, determining a delta value, and added that to the current temperatures to analyze 
where the transmission potential for ZIKV and DENV could be in the years 2070 to 2099. For Zika 
transmission, it increased from 112 days to 136 days with RCP 4.5 and to 153 days with RCP 8.5. The 
number of days out of the year for dengue transmission increased from 171 to 191 days with RCP 4.5 
and to 206 days with RCP 8.5.  

 
  

.1. INTRODUCTION  
 

Climate change poses a major threat to 
global ecosystems and societies. If no action is 
taken immediately to stop the change, we risk 
compromising all human lives. In recent years, 
there have been consistent conclusions in the 
scientific community that the global temperatures 
are increasing at an alarming rate due to the 
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increase in the concentration of greenhouse 
gasses in the atmosphere. The rapid increase in 
temperatures is said to be responsible for 
numerous global issues including a rise in sea 
levels, increased intensity of tropical cyclones, and 
displacement of biodiversity. With the global 
temperature likely to increase to 1.5 °C since 
preindustrial times, these issues will only worsen 
without immediate evaluation to determine what 
actions need to be taken (IPCC 2018).  

In this research, we focused on the 
thermal potential of mosquito borne disease 
transmission due to climate change in the state of 
Oklahoma. Thermal potential refers to the 
potential for a variable to change due to variances 
in heat energy. In this case, we are looking at the 
transmission potential (R₀) of the Zika (ZIKV) and 
dengue (DENV) viruses by the vector Aedes 
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aegypti under varying temperatures in Oklahoma. 
According to the World Health Organization 
(2017), vector borne diseases account for more 
than 17% of all infectious diseases, killing over 
700,000 people annually. With thermal energy 
acting as a catalyst for the spread of diseases, we 
can only expect these statistics to become more 
threatening.  
 
4.1 Aedes aegypti 

According to the University of Florida’s 
Institute of Food and Agricultural Sciences (2008) 
the vector Aedes aegypti, an invasive species, 
originated in Africa and was introduced to the 
Americas during the time of European 
colonization. They are now found in tropical and 
subtropical regions globally. These vectors tend to 
be attracted to human blood, allowing them to 
thrive in densely populated areas. This quality 
makes them an exceptional vector to start an 
epidemic. Often, Aedes aegypti can be found 
breeding in artificial areas such as standing water, 
old flower pots, or bird baths (Ferede et. al. 2018). 
This is one of the reasons why they can thrive in 
human- dominated areas. Because they are an r-
selected species, their population can grow 
exponentially in a short amount of time, allowing 
them to quickly adapt to new regions and spread 
fatal viruses such as dengue, Zika, chikungunya, 
and yellow fever.  

These qualities of this mosquito are 
concerning because if they were to become 
infected in a densely populated area, the results 
could be devastating for people living in nearby 
areas.  According to the Centers for Disease 
Control and Prevention (2017), Oklahoma sits on 
a species range boundary for populations of 
Aedes aegypti. The boundary creates a zone of 
uncertainty where it is not definitively known if 
these potentially fatal diseases could pose an 
issue or not. A study done in 2016 shows that 
there are indeed Aedes aegypti found in 
Oklahoma, mostly concentrated in areas in the 
south near Lawton and Altus during the summer 
months (Bradt et. al. 2017). In research done in 
1930, Aedes aegypti were found as far north as 
Stillwater and Edmond (Rozboom 1930). With 
populations of this vector already found in parts of 
Oklahoma, there is already an increased chance 
for disease transmission in this state. In the event 
that temperatures increased, there is a possibility 
of the transmission potential for arboviruses 
increasing at higher latitudes. If climate models 
suggest a shift in temperatures, how will the 

transmission potential of ZIKV and DENV change 
throughout the state? 
 
4.2 Climate in Relation to Spread of Diseases:  
 

Climate change greatly affects the 
potential for disease transmission. As the 
temperatures continue to increase, there will be 
warming at higher latitudes, allowing for 
arboviruses, which are viruses spread by 
arthropods, to move to areas where they were not 
initially (Tesla et al. 2018). Warmer temperatures 
also increase the rate at which mosquitoes 
develop into a full-grown adult, mosquito biting 
rate and fecundity, and mosquito reproductive 
success. These factors contribute to the increase 
in the rate at which a mosquito is able to contract 
a virus and transmit it. However, there is an 
optimum temperature range for transmission of 
different viruses, thus, above and below a certain 
temperature threshold (dependent on the species 
of mosquito and the virus), the potential for 
transmission will decrease until there is no 
potential. However, if the temperatures remain in 
this optimum range, the transmission potential 
would increase.  

The population of Aedes aegypti, in an 
area with optimal temperatures, also plays a role 
in the potential of diseases spreading. The more 
hosts that are infected, the greater the likelihood of 
the disease becoming a widespread issue. The 
spreading of these types of viruses in the 21st 
century is easier due to globalization, allowing the 
pathogen, with the help of human made 
infrastructure, to easily travel over oceans, 
spreading from continent to continent. Because 
Aedes aegypti is present in the southern part of 
Oklahoma but has not been found in the north 
since the 1930’s, there is a boundary created as to 
where they could potentially spread diseases. We 
investigated three main topics in this research. We 
researched the range of temperatures that Aedes 
aegypti can transmit Zika and dengue. We 
analyzed if current temperature trends in 
Oklahoma are suitable for Aedes aegypti to 
contract and transmit these diseases. We also 
investigated the effect of climate change on 
temperatures in Oklahoma and how this might 
affect the transmission potential of Zika and 
dengue.  

 
2. Methods  
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2.1 Current Transmission Potential 
 
To determine the transmission potential of 

ZIKV and DENV for different parts of Oklahoma, a 
calculation of the R₀ value, using temperature, can 
be done. R₀ is the basic reproduction rate that 
measures the transmission potential of a virus 
based on several possible factors. This means if 
R₀ is less than 1, the virus will infect less than one 
person and eventually die out and if R₀ is more 
than 1, the virus will infect more than 1 person per 
case, spreading exponentially (Delamater et. al. 
2019). In this case, we are focusing on 
temperatures, however, other meteorological 
factors could include humidity and precipitation. In 
a paper written by Mordecai et.al (2017), she 
examined how temperature affects the rate of 
disease transmission between the vectors Aedes 
aegypti and Aedes albopictus, another vector that 
can transmit diseases at a lower temperature than 
Aedes aegypti. Through the use of mechanistic 
models, she determined that transmission can 
occur between 17.8°C (64.0 °F) and 34.6°C 
(94.3°F) and peaks at 29.1°C (84.4°F) for DENV 
and between 22.8°C (73.0°F) and 34.5°C (94.1°F) 
and peaks at 28.9°C (84.0°F) for ZIKV in Aedes 
aegypti (Mordecai 2019). If the temperature goes  

 
 
 

 

below or above the indicated limit, the R₀ value will 
be less than 0. Transmission cannot occur at 
temperatures that do not support the mosquito and 
virus existence and fecundity, therefore it is within 
those upper and lower limits that transmission can 
happen.  

By comparing data from the 120 
Oklahoma Mesonet stations (from 1999 to 2018) 
and the temperature ranges for R₀, determined by 
Mordecai et al. (2019), we were able to analyze 
the current thermal potential for ZIKV and DENV 
transmission in Oklahoma. First, we needed to find 
R₀. To do this, we used data from the Oklahoma 
Mesonet and bounded it between the 
temperatures at which Aedes aegypti can transmit 
Zika and dengue. Once we had this, we were able 
to calculate the transmission potential of each of 
the diseases (Figure 1). To complete this, we 
calculated the number of days in each year that R₀ 
is greater than 0.  To analyze this, we used 
Inverse Distance Weighting interpolation in R 
programming, or IDW, to show where the 
transmission potential of ZIKV and DENV could 
have possibly been in the years 1999 to 2018.  
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2.2 Future Transmission Potential 

 
By using Representative Concentration 

Pathway (RCP) values 4.5 and 8.5, a prediction of 
the number of days in the future transmission 
season can be determined. Using data created by 
the Multivariate Adaptive Constructed Analogs 
(MACA), from the Climatology Lab at the 
University of Idaho, we used RCP 4.5 and RCP 
8.5 projected temperatures in eight different 
locations in the state of Oklahoma (Abatzoglou 
and Brown 2012). To account for the spaces 
between each Mesonet station, we used Inverse 
Distance Weighting interpolation in R 
programming, or IDW, to make a prediction as to 
where the transmission potential of ZIKV and 
DENV could possibly be in the years 2070 to 
2099. This data can be found at 
http://www.climatologylab.org/maca.html. 
Information about the locations of the eight 
averaged values can be found in Table 1 below. 
   
 
 
 
 

 
 
 
 
 
 

By taking the average temperatures from 
the Oklahoma Mesonet data, gauging the amount 
of temperature fluctuation in the future was more 
concrete. To get our average base temperature of  
approximately 60.5°F, we took the average daily 
temperatures of each Mesonet Station. We then 
took daily averages across all stations and 
summarized that information into a 20-year 
climatological average. We then calculated the 
average daily predicted temperatures from 2070 to 
2099 for RCP 4.5 and RCP 8.5 from the eight 
different locations. By subtracting our base 
temperature from the average RCP 4.5 and RCP 
8.5 temperatures, we were able to get a delta 
value, or the amount of change in temperature, 
that we could add to our transmission potential 
calculations to get a prediction of transmission 
potential of ZIKV and DENV for each climate 
model. The delta value for RCP 4.5 was 3.9°F and 
for RCP 8.5 was 8.6°F. By adding those values to 
the daily average temperatures, we modeled the 
possible future thermal potential of Zika and 
dengue transmission in Oklahoma.  
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3.  Results 
 
3.1 Current Transmission Potential 
 

After analyzing the mean daily 
temperatures in relation to the transmission 
thresholds, we noticed that each year from 1999 to 
2018 had temperatures that could potentially 
support transmission of these diseases by Aedes 
aegypti. The percentage of days out of the year 
that we could see a potential for Zika transmission 
ranged from about 20% to 40%. For dengue this 
range increased slightly to 40% to 60% of the days 
being ideal to carry out the process of disease 
transmission from 1999 to 2018. The highest 
transmission potential for both ZIKV and DENV is 
found along the southern edge of Oklahoma, but  

 
 
some years extend slightly further north than 
others. We noticed this trend in years that 
appeared warmer than others.  

For example, Figure 2 shows the annual 
average transmission potentials on a year that 
was, based on the temperature analysis, warmer 
than average (2012), about average (2015), and a 
year that was cooler than average (2009). In 2012, 
the transmission potential ranged from about 30% 
to 35% for Zika and about 50% to 55% for dengue. 
In 2015, the transmission potential ranged from 
about 25% to 30% for Zika and about 45% to 50% 
for dengue. And in 2009, the transmission 
potential ranged from about 20% to 25% for Zika 
and about 40% to 45% for dengue.  
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3.2 Future Transmission Potential 
 

For Zika, as the temperatures increase 
over the climate models’ predictions from 2070 to 
2099, the potential for disease transmission also 
increased. The transmission potential starts at 
around 25% to 30% of days being ideal in the 
years 1999 to 2018, but it increases to between 
35% and 40% in RCP 4.5. In RCP 8.5, Zika 
transmission potential increases to 40% to 45% of 
days (Figure 3). This means that the current 
transmission season for Zika lasts for about 3.5 
months and would increase to approximately 4.5 
months in RCP 4.5 and to approximately 5.0 
months in RCP 8.5 by 2070 to 2099 (Figure 5). 

With dengue, we see a similar trend. As 
temperature increases, the transmission potential 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

also increases. The starting average transmission 
potential during the years 1999 to 2018 began at 
45% to 50% of the days out of the year being 
suitable for dengue transmission. At RCP 4.5, 
there is a slight increase in transmission potential. 
It increases from the range 45% to 50%, to about 
50% to about 55%. At RCP 8.5, there is a more 
substantial increase. The average transmission 
potential ranging from 55% to 60% of days out of 
the year being suitable for dengue transmission 
based on temperature averages (Figure 4). This 
means that the current transmission season for 
dengue lasts for about 5.5 months and would 
increase to approximately 6.0 months in RCP 4.5 
and to approximately 7.0 months in RCP 8.5 
(Figure 5). 
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4. Discussion & Conclusion 
 
 

If the global temperatures continue to 
increase due to climate change, there will be a 
higher potential for disease transmission in 
Oklahoma, possibly even spreading to the 
northern Great Plains. The temperature, if kept 
within the ranges defined above, will speed up the 
growth, reproduction, and metabolism of the 
vector as well as the virus. If temperatures slip 
beyond the defined temperature values for the two 
diseases investigated, there will not be potential 
for transmission of these diseases. This is 
because the R₀ value would be below 0, 
disallowing the growth and spread of viruses.  

In Oklahoma, the transmission potential of 
ZIKV is lower than that of DENV. This is because 
the temperature range for DENV extends to a 
lower limit than that of ZIKV. Because Oklahoma 
is fairly temperate for the majority of the year, this 
lower temperature limit allows for the transmission 
potential of DENV to be higher than that of ZIKV. 
Although transmission potentials will not always  

 

 

 
increase with temperature, like we see in our 
results, we notice it in Oklahoma because it is 
more temperate. If we were to look in another 
region of the United States that is more tropical, 
such as South Florida, based on these results, we 
would expect to see a higher transmission 
potential for ZIKV than in Oklahoma because of 
the year-round warm temperatures, to a certain 
extent due to the range of temperatures.  

This research is just a small fraction of the 
countless possibilities that could be examined in 
vector borne disease transmission. Although our 
results show the transmission potentials of Zika 
and dengue via Aedes aegypti, there are many 
other species of mosquitoes, such as Aedes 
albopictus, that may be able to transmit diseases 
at overall lower temperatures and are more 
common in the continental United States than 
Aedes aegypti. There is much research done on a 
global scale but not as much done on a local 
scale. Becoming more familiar with other state 
level predictions could create a more accurate 
depiction of what the transmission potential of 
diseases might be in more localized areas. 
Considering other factors such as precipitation, 
humidity, heat index, urbanization, and different 
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species of mosquitos, could give more accurate 
predictions of transmission potentials. 
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