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Introduction 

 

 Being knowledgeable of the factors that drive the establishment of ecological 

niches for the vectors of a disease is crucial in order to be able to control them for our 

proper advantage. For instance, in the case of malaria, knowing its distribution is crucial 

for the design and implementation of effective local malaria control programs. In effect, 

the first step in dealing with an epidemic is to know why it happened. The response to 

such a question lies in the comprehension of the process of establishment of the disease 

and then why it propagated itself. These processes happen in a certain precise conditions 

that are defined by a whole variety of factors. If we can get to know these factors of 

establishment (origin) and propagation (where), then an important step in the control of 

an epidemic can be made. For the future, this step is crucial. In effect, if we could get to 

know these factors, which can encompass biotic, abiotic as well as sociological, cultural 

and economic, we could even anticipate and predict the possible foci of initiation and 

propagation of the disease. This way, we could not only get to know the most vulnerable 

stages in the onset of the epidemic to be able to eradicate it when already established but 

also prevent its establishment. In the context of this report, the aim is prevention through 

prediction before target the already established epidemic.  

 In order to be able to describe and realize prediction for prevention, we will take 

the case of the vector-borne disease malaria. Found in the tropical and subtropical zones, 

including parts of Americas, Asia, and Africa, the latter is caused by protozoan parasites. 

Responsible of infecting about 515 million people and killing about one to three million 

people, it is a disease that most commonly associated with poverty. However, as it is also 
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a cause of poverty, malaria is known to cause major hindrance to economic development 

and social betterment of human well-being and welfare. As one of the most common 

infectious diseases, I have chosen malaria, therefore its vector (Anopheles mosquito) and 

its parasite (Genus Plasmodium) to initiate this present research project.  

The research question to be addressed could then be expressed as follows. What 

are the possible consequences of climate change on the future distribution of malaria in 

Panama for the years 2025, 2050 and 2099? Consequently, my aim is to predict the 

position of the future zones of high risk of infection with the disease.  

The first step in this research project is to understand the dynamics of infection 

and the different stages of pathogenesis in order to identify the main factors contributing 

to generating and propagating the disease. There are two types of factors that have been 

taken into account: constant factors and non-constant factors. The former concerns the 

major ecosystems encountered here in Panama and prone to hosting the vector as well as 

relief and slope which correspond to the topography of the different zones. The latter 

factors (non-constant) are the ones that were predicted into the future and analyzed and 

put in relation with the constant factors. Those variable factors are temperature, 

precipitation and population. Then, the second step is to predict the changes in the 

parameters determining the localization of the niches of the mosquito and parasite. 

However, it also requires taking into account the movement of people (changes in 

population density in Panama) as the parasite’s primary (definitive) hosts and 

transmission vectors are female mosquitoes of the Anopheles genus. Then, by 

aggregation, comparison and superposition of the different factors for the years of interest 

(2025, 2050, 2099), it would be possible to predict and point the zones highly prone to 
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generate the disease but also to those that simply have a high probability of having many 

people infected. How would the prediction be possible? Through the use of geographic 

information systems (GIS), it would be possible to map the progression of the changes in 

the different factors selected (temperature, precipitation and population) and therefore, as 

these parameters can be predicted, the potential future niches of the mosquito could be 

positioned.  

 

Host Institution: 

 

 The Water Center for the Humid Tropics of Latin America and the Caribbean 

(CATHALAC) situated in the City of Knowledge, Clayton, Panama City, and Republic 

of Panama and is the headquarters of the Regional Visualization and Monitoring System. 

This institutional center of research has for aim to promote regional/international 

coordination and cooperation with the efficient use of resources available for research 

programs. The establishment of networks ameliorates communication between different 

entities of various countries including governmental and non-governmental institutions 

by eradicating borders for relationships to be built. Common work and cooperation is the 

aim. Its general program can be divided into eight areas of interest which are: (1)“Air-

Land Sea Interactions”, (2)“Hydrological process studies”, (3)“Small islands”, (4)“Water 

Quality Control”, (5)“Integrated urban water management”, (6)“Water Resources 

Assessment, Management and Conservation”, (7)“Hydrology and Public Health”, and 

(8)“Knowledge, Information and Technology Transfer”. Through the different networks 

CATHALAC has been (and is) promoting, studies on regional hydrological processes 
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have been possible, including the transfer of this knowledge to those in need. Some of 

them are the Trade and Convergence Climate Complex for the study of climate 

variability and its impact on socioeconomic activities, the R-HydroNET database 

accessible through internet and the Intra Americas Sea Initiative which has for objective 

to encourage research on natural resources that are encountered in coastal areas.  

 The question that follows is: what exactly do they do? What are their objectives? 

As stated by the organization itself, through international collaboration and exchange of 

knowledge and discoveries on water resources and environment to: (1) to promote, 

organize and conduct programs and activities of applied research, (2) to promote, 

organize and conduct formal, non formal and informal education programs, (3) to 

strengthen and/or create collaboration networks of knowledge, information and 

technology exchange with institution of the humid tropics and of other regions, (4) to 

facilitate the development of technical and scientific capacities, (5) to encourage 

standardization, recollection, analysis, exchange, and publishing of data and scientific 

information on water resources and the environment, emphasizing on the detection and 

vigilance of tendencies or changes, (6) To improve public knowledge and provide 

scientific information to the governments for the elaboration of environmentally coherent 

policies, (7) to mobilize, mange, administrate and execute donations, trusts, subventions, 

auctions, bids, contracts and loans granted through multilateral, bilateral, private and 

philanthropic cooperation, to implement programs and projects, (8) to conduct any other 

activity that is appropriate and related to its objectives.  

 In the context of the project I would be doing with the organization, CATHALAC 

also works in strengthening the adaptive capacity of human systems to reduce the 
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vulnerability of human population to the possible consequences of climate change 

(climate variability, risks and extreme events for priority systems) in the regions of 

Central America, Mexico and Cuba.  

 

A vector-borne disease widespread worldwide: Malaria 

 

 There is an estimation of about 700.000 to 2.7 million people dying of malaria 

each year with about 75% of those that are African children (Patz and Olson 2006). There 

are four types of malaria parasites of the Plasmodium parasite that can infect humans 

which are Plasmodium falciparum, Plasmodium vivax, plasmodium ovale and 

Plasmodium malariae (Baum, 2006). The vector that is responsible for the infection of 

the most people in the world is called Anopheles mosquito. After being infected by a sick 

mosquito, the exoerythrocytic (hepatic) phase starts. By taking the blood meal, the 

sporozoites are injected into the human organism through the mosquito’s saliva. It enters 

the bloodstream to reach the hepatic cells for further multiplication and transformation to 

occur through asexual division (Baum, 2006). In about 30 minutes after having entered 

the human, multiplication happens over a period of 6 to 15 days in an asexual manner 

without the individual revealing any specific symptoms (asymptomatic phase). Not only 

the parasites multiply but also differentiate in order to continue the cycle in the red blood 

cells (RBC). Infection of the latter cells is done by merozoites which are also the ones 

starting the erythrocytic phase (Baum, 2006).  
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Figure 1: Malaria, the life-cycle: 

 

 

 

 

 

 

 

 

 

 

Source: Life cycle of malaria, NIH,http://history.nih.gov/exhibits/bowman/SSmalaria.htm 

Once again and in an asexual manner, the parasite multiply itself and regularly 

breaks out of the cell to infect others with each vague of release associated with different 

degrees of fever. However some parasites like P. vivax and P. ovale (at the merozoite 

phase) do not necessarily start the exoerythrocyte period of the cycle. Instead, 

hypnozoites are produced which are known to survive as long as three years (Zhou, 2004; 

Baum, 2006). This particular period is called dormancy that can last until 3 years. 

Normally, the parasites can be eradicated but only if the agents of the primary immune 

system manage to “read” the signals that indicate a breach in the human system. They 

envelop themselves into the cells that they have infected in order not to be detected by the 

immune cells. However, with the flux of the blood, parasites are ultimately brought to the 
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spleen to be eliminated. In order to avoid this, for example, P. falciparum puts in place 

adhesive protein on the surface of the cells so as to make the cell stick to the walls of 

blood vessels. Some of the merozoites produced transform themselves into male and 

female gametocytes. At this stage of the cycle, the next mosquito that will take a blood 

meal will be infected. There will then be fertilization and sexual recombination of the 

parasite in the gut of the insect. At this point, new sporozoites are produced which, with 

time, will develop and migrate to the salivary glands in order to be ready to travel 

through the proboscis into the bloodstream of another individual (Baum, 2006; Shililu, 

2007).  

 Why is the life-cycle important? The answer lies in the fact that in order for an 

eradication program to be successful, the most important thing is to get to know the 

conditions in which the parasite of interest develop in order to select the stages of 

development at which it is the most vulnerable and fragile. This implies knowledge of the 

different parameters that permit this development and growth to happen. Two of them are 

important: temperature and precipitation. Chemical reactions that are determinant for the 

survival of the larva (and therefore its parasite) for adequate development happen at very 

precise temperature ranges. Precipitation is also an important factor as it determines the 

zones of water systems which are the breeding place of the larva and its development into 

the adult female mosquito.  

 

Methods: Geographic Information Systems 

 In general terms, a model is a representation of reality. Due to the inherent 

complexity of the world and the interactions in it, models are created as a simplified, 
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manageable view of reality. Models are meant to understand, describe, or predict how 

things work in the real world. Data is used in order to better understand the world that 

surrounds us. 

 

There are two main types of models:  

• Representation models 

Representation models try to describe the objects in a landscape, like for instance 

buildings, streams, or forests. The way representation models are created in a geographic 

information system (GIS) is through a set of data layers. For Spatial Analyst, these data 

layers will be either raster or feature data. Raster layers are represented by a rectangular 

mesh or grid, and each location in each layer is represented by a grid cell, which has a 

value. Cells from various layers stack on top of each other, describing many attributes of 

each location. 

 

The representation model attempts to capture the spatial relationships within an object 

(for example, the shape of a stream) and between the other objects in the landscape (for 

example, the distribution of streams). Along with establishing the spatial relationships, 

the GIS representation model is also able to model the attributes of the objects (for 

example, how important is the stream). Representation models are sometimes referred to 

Data 
  

    Information  
     Knowledge 

 
Understanding 
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as data models and are considered descriptive models as they define characteristics to a 

specific object. 

 

• Process models 

Process models attempt to describe the interaction of the objects that are modeled in the 

representation model. The relationships are modeled using spatial analysis tools. Since 

there are many different types of interactions between objects, ArcGIS and Spatial 

Analyst provide a large suite of tools to describe interactions. Process modeling is 

sometimes referred to as cartographic modeling. Process models can be used to describe 

processes, but they are often used to predict what will happen if some action occurs. 

 

Each Spatial Analyst operation and function can be considered a process model. Some 

process models are simple, while others are more complex. Even more complexity can be 

added by adding logic, combining multiple process models, and using the Spatial Analyst 

object model and Visual Basic. 

 

A process model should be as simple as possible to capture the necessary reality to solve 

your problem. You may only need a single operation or function, but sometimes 

hundreds of operations and functions may be necessary. 

There are many types of process models to solve a wide variety of problems. Some 

include: 

• Distance modeling: what is the flight distance from Los Angeles to San 

Francisco?  
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• Hydrologic modeling: In which direction will the water flow?  

• Surface modeling: what is the pollution level for various locations in a county?  

• A set of conceptual steps can be used to help you build a model. 

 

1. Temperature and Precipitation 

 

In the context of our work, temperature and precipitation data was needed as they were 

elected among the most important factors that are involved in the establishment, onset 

and propagation of the disease. Data for both the factors was extracted from a WorldClim 

Report realized by Hijmans RJ, et al. Very high Resolution interpolated Climate surfaces 

for global land areas, International Journal of Climatology, 25:1965-1978 (2005). After 

having downloaded the data for the different years of interest (which were 2025, 2050 

and 2099) in GIS format into the ArcGIS characteristics, the data was used to map the 

configurations for temperature and precipitation for the years 2025, 2050 and 2075. 

However, the data obtained was for the entire world. Consequently, we had to extract the 

temperature and precipitation data for Panama only. After, means for each year were 

calculated. Although we could have calculated weighted averages taking into account the 

fact that prediction farther in the future increases uncertainty (but we couldn’t for lack of 

time), averages over 3-4 months was calculated for each year (average over 4 months for 

2025, over 3 months for 2050 and over 4 months for 2099) using the raster calculator. 

Then from the rasters obtained, we could map the layers for the two factors within the 

boundaries of the country only.  
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2. Population 

 

In the case of population, data from the past was used to predict future distribution of the 

population in Panama. Data was taken from the years 1995, 2000, 2005. In excel, the 

evolution of the population was analyzed using the regression equation found in Excel. 

The Forecast tool calculates and predicts a future value by using existing values. The 

predicted value is a y-value for a given x-value. The known values are existing x-values 

and y-values which are respectively the data obtained for population density in the 

thousands of places where data was collected and the years for which it has been 

calculated. The new value is predicted by using a linear regression.  

 

Knowing that X is the data point for which we would like to predict a value, known “y” 

the dependent array or range of data (years for which there is data that is 1995, 2000, 

2005) and known “x” the independent array or range of data (years of interest that 2025, 

2050 and 2099).  

 

The equation for FORECAST is a+bx, where: 

 

and: 
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and where x and y are the sample means AVERAGE(known_x's) and AVERAGE(known 

y's). 

 

In order for this to be accomplished, we had to take for granted (assumption) that 

population would continue to behave in a similar manner for the years 2025, 2050 and 

2099. After having predicted the values of population density for the years of interest by 

reusing the equation of regression that was relevant for the years 1995, 2000 and 2005, 

the data was transferred in GIS and expressed in ArcGIS format. That way, we could 

obtain the rasters needed to map the layers using the Spatial Analyst tools. We could then 

map future population density within the boundaries of Panama for the years 2025, 2050 

and 2099.  

 

3. Hydrology  

 

Hydrology is another factor important as it determines the configuration of the streams 

based on the surface cover that is found here in Panama. Surface cover not only includes 

relief but also slope. In order to set up the hydrology maps, a whole series of steps had to 

follow using ArcGIS. We used the Analyst concept known as the Hydrologic analysis 

tool. The latter simulates the flow of water over an elevation surface and creates either a 

stream network or a watershed.  
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• Digital Elevation Model (DEM): 

 

 

The DEM is known to be a raster representation of continuous surface which 

describes the topography of the surface of the earth. Its precision relies mostly on the 

resolution which corresponds to the distance between sample points. Cell-based digital 

elevation models (DEMs) is the most common digital data of the shape of the earth’s 

surface. In our work, it is used as an input to quantify the characteristics of the land 

surface (see figure 2). Nevertheless, one of the inconveniencies encountered was related 

to the errors in DEMS which are also known as sinks or peaks. The former correspond to 

a zone that is surrounded by higher elevation values so it corresponds basically to a zone 

of depression. The peak is the contrary that is a zone that is surrounded by cells of lower 

value. For the sake of precision, these errors are fixed by using a Spatial Analyst tool that 
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allow to fill sinks, the most important error as these can be the zones of internal drainage, 

which is important in the context of Anopheles species and Malaria as we will see later. 

This tool has then for aim to model the convergence of flow across a natural terrain 

surface. There is an assumption that has to be considered in the analysis which is that the 

surface contains sufficient vertical relief for a flow path to be determined. 

 

Based on the assumption above, flow across a surface will then be in the steepest 

down slope direction. Once the direction of flow out of each cell is known, it is then 

possible to determine which and how many cells flow into a given cell. From this 

information, watershed (basin) boundaries can be obtained as well as the configuration of 

stream networks. Here is drawn, based on the digital elevation model, the process to be 

followed in the extraction of hydrologic information.  
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• Flow direction 

 

The Flow direction function has for aim to derive the hydrologic characteristics about the 

surface in order to determine flow from each and every cell in the raster. The input, as 

already mentioned, is the surface (DEM) and the output raster concerns the direction of 

flow. There are eight valid output directions which the flow can follow in relation to the 

eight adjacent cells. This approach is known as the eight direction (D8) flow model as 

presented by Jensen and Domingue (198). In order to have flow, slope is needed. The 

steepest descent from each cell is calculated as: 

 

 Maximum drop = change in z-value / distance 

 

The distance corresponds to the distance between cell centers. For example, if the cell 

size is one, the distance between two orthogonal cells is one and the distance between 

two diagonal cells is 1.414216 which corresponds to the square root of two. However, if 

for some reason, the maximum descent to several cells is the same, the neighborhood is 

enlarged until the steepest descent is found. When it is the case, the output cell is coded 

with the value representing that flow direction. If the force all edge cells to flow outward 

option is chosen, all cells at the edge of the surface raster will flow outward from the 

surface raster. We therefore obtain the following: 
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• Flow accumulation 

 

The way the accumulated flow is calculated is through calculation of the accumulated 

weight of all cells flowing into each down slope cell in the output raster. However if no 

weight raster is applied to each cell, then a uniform weight of one is assigned to each cell 

and the value of cells in the output raster will correspond to the number of cells that flow 

into each cells. In this following figure, we see the direction of travel from each cell (top 

left) and the number of cells that flow into each cell (top right) as well as the direction 

coding which is the same as the one already mentioned above.   
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Through this process, we will be able to identify the zones of concentrated flow for the 

identification of stream channels. The output obtained would represent the amount of 

flow accumulation of rainfall into each cell, assuming that all rain would become runoff 

with absence of interception, evapotranspiration or loss through the ground.  

 

• Stream networking 

 

The output from the Flow accumulation will serve to identify and describe the stream 

networks. As flow accumulation could be defined as the number of upslope cells that 

flow into each cells, by setting up an arbitrary threshold value to the results obtained from 

the Flow accumulation function using Map Algebra, it is possible to select for the 
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specific streams deemed to be represented and to appear on a map. The formula used to 

select is the following: 

 

 Streamnet = con (flowacc > 50, 1) 

 

In this manner, all cells that have more than 50 cells flowing into them will have the 

value 1 and the other will not have any data associated with it. The threshold value to be 

chosen is important as the result depend very much on contributing area, climate, slope 

and soil characteristics. Furthermore, it is possible to order the stream in order of 

importance by assigning a numeric order to links in a stream network. This is important 

as it gives a clue on characteristics of streams. For instance, the smallest streams will 

most probably not have upstream concentrated flow which means they are the most 

susceptible to nonpoint source pollution problems. The ordering has been made using the 

Strahler method where the most upstream stream segments are always assigned an order 

of one. With this method, the stream order increases when streams of the same order 

intersect. Consequently, it follows that the intersection of two first-order links for 

instance will create a second-order link and the intersection of two second-order links 

will result in the creation of a third-order link. On the other hand, the intersection of two 

links of different order won’t result in an increment of the order. The only problem with 

this method is that it doesn’t account for all the links and is highly sensitive to the 

addition or removal of links. Here is a general scheme of the Strahler concept:  
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The Shreve is another way of ordering the stream. All exterior links are assigned an order 

of one. However, as it can be seen, all links are taken into account and follows an 

additive rule. No matter the stream order, when there is intersection, there is addition of 

in the orders. Because of this, the Shreve method are sometimes referred to as magnitudes 

instead of orders. 

 

4. Ecosystem cover 

 

Data obtained from the World Bank and the Comisión Centroamericana de Ambiente y 

Desarrollo (CCAD) 2001 “Ecosystem of Central America”. There are about 37 types of 

ecosystem that can be encountered here in Panama. For convenience and for the sake of 

clarity, only 11 types of ecosystems have taken into account. The choice of these 

ecosystems has been based on two criteria. The first one is that we have chosen the 

ecosystems that are encountered the most here in Panama in the country. The second 
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factor to be taken into account is the choice of the ecosystems that exhibit the highest 

probability of having the conditions favorable for establishment of the larva. The 

selection was made using a selection by attributes fixed by UNESCO As the data was 

already in possession of CATHALAC, the remaining steps where to map it in ArcGIS. 

 

Results and Discussion: 

 

 As it has already been stated, malaria is a major vector-borne disease in sub-

Saharan Africa and more generally, in the tropical zone spreading from the America, 

throughout tropical Africa until the Asian continent. Its increase throughout the world has 

been attributed to the environmental changes, leading to an expansion of the geographical 

limits of the disease. The latter is the leading cause of morbidity and mortality, and is 

therefore an important threat to socioeconomic  development to the poorest countries 

situated in that tropical zone. However, according to the literature and past investigation 

and studies, the factors most likely to have an important effect on the localization of hot 

spots are variations in temperature, precipitation, population but also ecosystems. 

 In the context of our work, ecosystem will be assumed to be constant in order to 

facilitate the analysis and comprehension of the roles of the three other factors. From the 

information that has been obtained from the prediction based on GIS work, the first 

relationship to be analyzed is the link between ecosystem and the population density. 
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I. Ecosystem and population density: 

 

As we have seen, Panama is rich in terms of the diversity of ecosystems that are 

encountered. Each ecosystem exist because of the presence of a certain number of 

predominant parameters that make this ecosystem to survive and persist through time. 

Here, ecosystem acts as a factor in the establishment of the disease. Why is that? The key 

to the control of malaria has been shown to be in the control of the movement of the 

female Anopheles species as only the female are the ones taking blood meals and not the 

masculine ones (Rejm, 2005; Grieco, 2006; Omlin, 2007; Shililu, 2007). The 

identification of the niches first comes by the identification of the most suitable 

ecosystem for them to exploit. Depending on the type of ecosystem, when the rainy 

season comes here in Panama, the configuration of the different water systems will 

depends very much on the type of vegetation, the land profile and the use that is made of 

the land (Kazembe 2007). For instance, a “Bosque siempreverde ombrofilo tropical 

latifoliado submontano” won’t have the same water conserving capacities of a “Bosque 

semideciduous tropical de tierras bajas” because of the differences in the species of plant 

growing there. Different ecosystem will, to a certain degree, host different types of 

mosquito larva. For example, it has been shown that A. Albimanus is more prone to 

develop itself in herbaceous wetland with the presence of certain species of 

cyanobacteries while A. Vestitipennis will have a tendency to live near marshes in 

proximity to agricultural fields because they are conducive for Typha domingensis 

(cattail) which provides habitat for that type of larva (Grieco, Johnson et al. 2006). 

Finally, the others aspect to take into account is the use that is made of the land and its 
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impact on the configuration of niches. This can be explained by the heavy slash-burn 

activity that is done throughout Panama for agricultural fields. Turning natural 

environments into “fincas” of production will surely eradicate habitats but will create 

new ones, especially for mosquitoes as it has been stated earlier with A. Vestitipenni. The 

last effect is through population migration (Grieco, Johnson et al. 2006). If people install 

themselves in zones of high risk then there it will facilitate contamination and 

propagation of the disease knowing that the mosquito is capable of flying until several 

kilometers away from its natural habitat (see Appendices). 

 

II. Topography and abiotic factors: temperature/precipitation 

 

The recent years have acknowledged the need for greater scientific understanding of the 

epidemiology of malaria. In effect, for long, it was known that the highlands have been a 

refuge from the malarial lowlands as it is uncommon or absent at higher elevations 

(Balls, Bødker et al. 2004; Minakawa, Munga et al. 2005; Githeko, Ayisi et al. 2006). 

Topography is important in two important ways. The first one is in the elevation (relief). 

Mosquito larvas grow at specific temperature ranges and these temperature ranges 

constitute parameters for the niches, that is the best locations suitable for their survival 

and successful development into an adult mosquito. It is known that incidence of malaria 

decreases with height mainly because there is a decrease in the temperature. Also, in the 

tropical zone, soil type, climate and topography are three constants that are intimately 

linked because there are indeed constants conditions for the ecology of the vector.  Also, 

in relation to precipitation, the type of relief that covers the land will have an impact on 
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the nature of the water systems that will be put in place (Balls, 2004). If it is a very low 

relief, with not that many valleys in conjunction with a very porous soil, there is more 

chance for the parasite to die and not survive its whole development because of instable 

conditions in the availability of water. However, in an ecosystem where there are hilly 

areas but not that high and very low loss or runoff due to a soil that is compact (non-

porous) then, it would allow the parasite to gain better chances of establishing itself for 

long in such a niche. Another factor of topography is slope (Kazembe, 2007; Shililu, 

2007) and the associated velocity of water after precipitation. In effect, although we 

didn’t have the time to run N-Spect and specifically calculate the different velocities of 

the water currents obtained after precipitation, we were able to postulate the nature of the 

water system that would exist. A very high degree of inclination will lead the water to 

flow and won’t let enough time for the larva to develop as there is much turbulence and 

perturbation. However, a lower degree of inclination will suppose a lower velocity power 

and thus permit Anopheles mosquito to settle. Once again, the flow of water and the 

duration of its stay in the ecosystem selects for the types of mosquitoes that can or can 

not stay there.  

 

Conclusion: 

 

 Malaria is vector-borne disease that is transmitted through the female Anopheles 

mosquito and the parasite that it transmits is known as to be from the genus Plasmodium. 

The deadliest one of the four is P. Falciparum which is responsible of a considerable 

number of death in subsaharian Africa (Zhou, 2004). There is presently a lot of research 
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going looking at trying to find a vaccine and other drugs that may be more efficient in 

eradicating malaria without the development of further resistance. However, there is also 

the option of preventing the establishment of the disease in the future. This can be done 

through the prediction of the variations of the most important factors of transmission of 

the disease. Here, in the context of our work and my internship with CATHALAC, I have 

tried to model the future trends of temperature, precipitation and population and with the 

use of constant factors that are topography (relief and slope) and ecosystem (which could 

be also variable), I have tried to determine the most susceptible areas to host the larva and 

the mosquito for the years 2025, 2050 and 2099. However predictions of this sort 

necessitate the use of a whole lot of assumptions and margins of error. The final map for 

the distribution of malaria in the future, that is for the next 99 years could be realize 

although it is a huge approximation of the reality as its relevance has not be calculated at 

all (Appendices, Map 4). 

 In relation to the immense lack of time I had to deal with, the most important 

limitations linked to this project done with geographic information systems are the 

following. Above all, only a small set of factors could be taken into account for the 

determination of the future niches of the mosquito while there are a lot more that have 

been identified non-surprisingly, in the literature. The other limitation is linked to the use 

of ArcGIS 9.2 which, at various times, may have difficulties managing the data and 

realize the work that is meant to be done. Another important limitation (factor of 

precision) is the use of a unique model in realizing the prediction of the different trends. 

Furthermore, there has not been any statistical evaluation of the data that was obtained 

after prediction of the trends. Therefore, for the sake of precision above all, there should a 
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better calculation of the velocity of the water by integrating the best predictions of the 

quantities of water received throughout the country in terms of precipitations. Secondly, 

there should be the use of variety of models with their own characterisitics and 

differences in order to approach present reality even more. Furthermore, all the future 

data that is obtained has to be evaluated in terms of its level of significance. This 

supposes the use of probabilities or statistical methods. Then, after having evaluated the 

data, the different maps obtained for the different factors could be superimposed in order 

to better identify the zones of high risk of contact with malaria. Finally, this work can not 

be complete without including a whole set of factors independent of the disease cycle 

which are the socioeconomic factors (social, financial situation of the population), the 

level of education but also the level of vulnerability of these population to the disease in 

terms of how fast there could a response in the case of an outbreak (health infrastructures, 

communication, hospitals, availability of drugs…). 

 All in all, the entire project was relatively laborious but results were nevertheless 

obtained and more effort is needed in trying to better predict in terms of precision.  

However, I feel that predicting could be very useful in trying to diminish the overall 

prevalence and incidence of the disease. We should not only concentrate ourselves on the 

past and present, but also on the future in order to act before epidemics come to be a 

reality. 
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Appendices: 
 
 
 
 
 
 
Figure 1: Malaria: the life-cycle (Mosquito and Human) 
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Map 1: Climate Change and Malaria distribution worldwide 

 
 
Map 2: Panama: Ecosystem Covers 
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Map 3: Hydrological Map of Panama: Slope 

 
 
Map 4: Hydrological Map of Panama: Relief 
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Map 5: Projected Precipitation for 2025 in Panama 
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Map 6: Projected Precipitations for 2050 in Panama 
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Map 7: Projected Precipitations for 2099 in Panama 
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Map 8: Projected Temperatures for 2025 in Panama 
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Map 9: Projected Temperatures for 2050 in Panama 
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Map 10: Projected Temperatures for 2099 in Panama 
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Map 11: Projected Population Density for 2025 in Panama 

 
 
Map 12: Projected Population Density for 2050 in Panama 
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Map 13: Projected Population Density for 2099 in Panama 

 
Map 14: Projected areas of high risk of contraction of Malaria (2008-2099) 

 
 


