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Abstract 

  Malaria incidence is annually increasing at an 

alarming rate due to the influence of climatic 

variables most especially temperature and rainfall 

which varies with seasonality. Thus there is need to 

integrate climatic and environmental parameters in 

the mapping malaria risk areas for effective 

mitigation of malaria menace. The aim of this 

research is to develop an operational malaria risk 

map for effective control and mitigation using 

remote sensing data and geospatial techniques. The 

objectives of this research include; to identify the 

malaria initiating parameters that contributes to 

the risk of malaria using remote sensing data, to 

determine the effects of identified factors and 

criteria from the identified criteria using AHP, to 

evaluate the identified parameters and to compare 

them with the existing health care facilities, to 

develop malaria risk map of Abuja using geospatial 

techniques. To achieve the stated objectives of this 

research, Weighted Overlay Analysis (WOA) of 

multi-criteria for the Climatic factors, topographic, 

and infrastructural was carried out. These data 

were processed and analyzed by ArcGIS, Erdas 

Image, Envi Classic Software. The findings show 

that 11.61%, 24.84%, 29.51%, 22.64% and 11.37% 
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of the study area land mass were found to have Very 

low, low, moderate, high, and Very high malaria 

risk respectively. The findings from this research 

demonstrates clearly that geospatial techniques 

provide consistent and reliable information for 

better understanding of the causative of malaria 

incidence within the study area. Thus this research 

work hereby recommends that remote sensing and 

GIS should be adopted in modeling malaria 

initiating parameters for effective control of the 

menace and to enhance helpful decision making 

regarding malaria control. 

 

INTRODUCTION 

Malaria is a life threatening disease caused by parasites transmitted to humans 

by the bites of infected Anopheles mosquitoes. It can be avoided and repaired 

(WHO, 2016). By using treated bed nets, insecticide spray and adequate 

sanitation, the preventive measures should be defined in this way. For fix, the 

tolerance needs to look for medicinal consideration once manifestations are 

noted. Malaria fever is a one of the significant reason for high newborn child 

passing and it compromises the lives of more than 3 billion individuals, about 

46% of the universes' all out populace are living on the planet developing 

nations and more than one million passing are inferable from the ailment(Cutler, 

Fung, Kremer, Singhal, & Vogl, 2010) 

Malaria is a vector-borne disease that affects a large number of people around 

the world. There were an estimated 243 million cases of malaria disease 

worldwide. The vast common cases remained at 85%, tailed 10% in South-East 

Asia and 4% in Eastern Mediterranean regions in the African region (Lev, 

2007). Malaria is the fifth cause of irresistible disease in low-wage countries 

and me in general. 

Malaria is listed as one of the Nigeria's Principal factors of inequality, disease 

and death (Mitchell & van Aalst, 2008). The records available in Lagos State, 

Nigeria, reveal that malaria is the most unrelenting killer disease. Fifteen 

percent of hospital admissions in Lagos State and more than 50% of ambulatory 

patients are engaged in malaria treatment. The menace of malaria has shown a 

continue increase due to the prevalent of climate change scenario which provide 
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effective breeding points for the vector. This trend becomes worrisome to policy 

makers and stakeholders. The scientific community has developed different 

method. 

This is due to recognition of GIS’ ability to manage geographical dimensions, 

the incorporation of health-related data from different sources to help uncover 

and interpret new patterns and geographical relationship in data that would 

otherwise b difficult to identify, and display one maps that provide a more 

descriptive representation of the power of this tool (GIS). Academic teams and 

health care professionals have developed an increasing number of health studies 

and projects, including their use as an analytical and decision-making tool. 

 

Background 

Organization such as World Health Organization (WHO), The United States 

International Development Agency (USAID) has developed health mapping, 

disease elimination, malaria epidemiology monitoring and monitoring system 

(Baral, Grosso, Holland, & Papworth, 2014) although these systems were 

basically on historical data. (Gething et al., 2011) were able carryout the 

mapping and spread of diseases and study of spatial trends in the distribution of 

diseases in some area, these studies offered good conceptual framework about 

malaria risk mapping but they grossly lack severity relationship of 

environmental and climatic factors (rainfall, temperature, proximity to river, 

proximity to health care facilities and road accessibility) as initiating factors of 

malarial risk.  

Therefore, this research seeks to fill the gap in knowledge by considering 

climatic parameters such as temperature and rainfall, it environmental 

parameters that a using Analytical Hierarchy Process (AHP) a Multi-Criterial 

Decision Analysis (MCDA) tool to state how much influential those criterions 

are to causes of malaria in study area. 

 

Study Area 

The Federal Capital Tertiary (FCT) Abuja is graphically located in the center 

on Nigeria at longitude 9o4'0''N and latitude7029'0''E co-ordinates, it has land 

mass covering an area of about 713km2, predominantly Abuja geology is 

defined by granitite, it has areas of highlands and undulating terrain which act 

as a modulating influence which makes the weather always temperate. Abuja is 
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adjoined to the north-north by Kaduna state, on the east and south-east by 

Nasarawa, and on the south-west by Kogi state (Faluyi, 2017). 
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Fig Error! No text of specified style in document.: Nigeria Inset Abuja 

Composite Image. 

Malaria Scenario, Weather Variability, and the Need for the Integration of 

Multiple Factor Analysis on a Dependable Factor. 

Malaria is an illness transmitted by a female mosquito in it salivary organs when 

it interacts with infected individual. During the time spent infused the malaria 

sickness parasite educate regarding malaria fever plasmodium, the saved 

parasite in human body starts to created and duplicate coming about to a 

contamination called malaria fever. 

(Chikodzi, 2013; Kulkarni, Desrochers, & Kerr, 2010), uses rainfall, 

temperature and surface water to map areas liable to malaria occurrences, that 

is fewer factors were utilized in the overall risk modeling.  

For effective understanding and modeling of malaria risk areas, due 

consideration should be given to the climatic conditions, vegetation, surface 

water, the status of the current utilization, and topography. Recognizing the 

factors will therefore improve the effectiveness of malaria risk modeling and 

enhance policy implementers and decision-makers. Although in contrast to this 

study, which covers an extensive area of about 150,000 sq.km, these research 

works made use of relatively small study area. The choice and implementation 

of climate and environmental variables for risk modeling. 

 

Materials and Methods 

Identification of Malaria Initiating Parameters Using Geospatial Techniques 

The identification of malaria initiating parameters was carried out using GIS 

and remote sensing, were most of the environmental parameters, To accomplish 

this aim, Landsat8 Thematic Mapper (TM) was used to identify the different 

land surface conditions. These conditions were identified with the use of the 

classification algorithm for maximum like hood in GIS environment to analyzed 

acquired remote sensing datawere the spectral response pattern ground 

condition is evaluated as close as possible to different LC Type (LCT) based on 

this techniques, over 1000 deferent spectral response platforms were identified  

Wight Determination Using Analytical Hierarchy Process (AHP) 

Table 1 shows the scores which were assigned to the criteria in respect to their 

level of influence to malaria causative within the study area. The scaling of these 
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factors was carried out in Microsoft Excel. This application enables the 

researcher to determine the consistency ratio and index of the criterion, there 

exist different types of scaling criteria, the method used for this research is the 

linear scaling method. This allows the use of minimum and maximum values of 

the criterion in order to standardize criteria so as to define their respective 

weight. The assigned weight of each criteria was divided by 1 in order to derive 

the inverse of criteria weight. 

 

Table 1: Pair wise Comparison Metrix 

 

Table 1 shows the criteria weight for each criteria, the weight was computed 

separately for each criteria by diving each criteria weight by the total sum. With 

this the criteria values were normalized and the consistency index and ratio were 

derived by multiplying the criteria values by the total sum and dividing it by the 

standard value 0.45 which is used for 8 criteria. This signifies the numbers of 

the selected criteria for this research work.  The consistency ratio was deduced 

to be 0.10 which falls within the acceptable ratio. 

 

Table 1: Normalized and Consistency Ratio 

  L E H PR SW R T  W EV CI CR Wt (%) 

L 0.05 0.03 0.04 0.03 0.03 0.03 0.08 0.04 0.86 0.13 0.10 4 

E 0.09 0.06 0.04 0.04 0.02 0.04 0.09 0.06 0.97 
  

6 

H 0.09 0.11 0.08 0.04 0.04 0.04 0.11 0.08 0.98 
  

8 

   L E H PR SW R T  

L 1.00 0.50 0.50 0.33 0.33 0.20 0.17 

E 2.00 1.00 0.50 0.50 0.25 0.33 0.20 

H 2.00 2.00 1.00 0.50 0.50 0.33 0.25 

PR 3.00 2.00 2.00 1.00 0.50 0.50 0.20 

SW 3.00 4.00 2.00 2.00 1.00 0.25 0.20 

R 5.00 3.00 3.00 2.00 4.00 1.00 0.20 

T  6.00 5.00 4.00 5.00 5.00 5.00 1.00 

Total  22.00 17.50 13.00 11.33 11.58 7.62 2.22 
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PR 0.14 0.11 0.15 0.09 0.04 0.07 0.09 0.10 1.12 
  

10 

SW 0.14 0.23 0.15 0.18 0.09 0.03 0.09 0.13 1.50 
  

13 

R 0.23 0.17 0.23 0.18 0.35 0.13 0.09 0.20 1.49 
  

20 

T 0.27 0.29 0.31 0.44 0.43 0.66 0.45 0.41 0.90 
  

41 

Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.81 
  

100 

L=LULC, CI=Consistency Index, E=Elevation, H=Healthcare facilities, 

PR=Proximity to River/Surface Water, W=Weight, R=Rainfall, 

T=Temperature, EV=Eigen value, CR=Consistency Ratio, Wt%= Weight 

Percentage. 

 

Table 3 shows the parameters rating, were the various criteria used for this 

research work were rated base on their level of significance contribution on their 

role in terms of malaria related hazard within the study area. The parameter 

rating was done in order to determine how sensitive each criteria is in relation 

to malaria causative. The potentiality influence of malaria occurrence as 

depicted from the table below shows that the criteria rating was very low, low, 

moderate, high and very high.  

 

Table 2: Parameters Rating 

Factors Criterial PIMO NW (%) 

Temperature 1 

1.01-2 

2.01-3 

3.01-4 

4.01-5 

VL 

Low 

Moderate 

High 

VH  

41 

Rainfall 1 

1.01-2 

2.01-3 

3.01-4 

4.01-5 

VL 

Low 

Moderate 

High 

VH  

20 

Elevation 1 

1.01-2 

2.01-3 

3.01-4 

VL 

Low 

Moderate 

High 

10 
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4.01-5 VH 

LULCT 1 

1.01-2 

2.01-3 

3.01-4 

4.01-5 

VL 

Low 

Moderate 

High 

VH  

8 

Healthcare 

Center  

1 

1.01-2 

2.01-3 

3.01-4 

4.01-5 

VL 

Low 

Moderate 

High 

VH  

11 

Surface Water 1 

1.01-2 

2.01-3 

3.01-4 

4.01-5 

VL 

Low 

Moderate 

High 

VH 

10 

Total   100 

 

Note: PIMO=Potentiality Influence on Malaria Occurrence, VL= Very Low, 

VH=Very High and NW= Normalized Weight  

 

Development of Malaria Hazard Map Using Result in GIS Environment 

According to (Alimi, 2016)To develop malaria risk map, a raster calculator tool 

of the integrated MCDA results Evidence-based polygon layer was conducted 

prior to the development of the risk map in order to allow for effective and 

accurate analysis of local to regional results.  

 

RESULTS AND DISCUSSION 

Malaria Causes Factors Derived from GIS Remote Sensing Data 

Fig 2 shows the temperature map of Abuja which varies from Bwari, Kuje to 

Municipal Area Council with an annual temperature ranging from 23-250C, it 

is shown on the map that Gwagwalada and Abaji experience high annual 

temperature of above 290Cwhich favor the prevalence of malaria within these 
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regions. The increase in temperature level favors the replications of anaphase 

mosquitoes as it catalyzed the life cycle. 

 
Figure 2: Annual Mean Temperature (oC) 

 

Rainfall as shown in Figure 2 provide the anopheles mosquitoes with habitable 

environment as shown clearly on the map as some areas in municipal and Abaji 

experiences high annual mean rainfall of over 1440.35mm thus increasing the 

volume of surface water which in most cases remain stagnant thus housing 

anopheles’ mosquitoes, rainfall variation due to seasonality within the study 

area also show the dynamicity of malaria incidence, as areas with high rainfall 

have high malaria prevalence.  
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Fig 3: Annual Mean Rainfall (mm) 

Figure 4 indicate the elevation map Abuja, Topography generally has influence 

on mosquitoes replication as higher topographies results in cooler temperature, 

it is clearly shown on the elevation map that Bwari and Municipal area Council 

have the highest elevation of about 466.28-843meter which when compare to 

Figure 3 shows that this areas have low malaria risk level, Abaji, Kwali and 

Gwagwalada area councils have the major plains of less than 212.07 m above 

the sea level, this makes these areas highly prone to malaria incidence.  

 
Fig 4: Elevation (m) 
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Figure 5 Shows the map of Public Healthcare in the study area which was 

derived from reconnaissance survey. Healthcare delivery service in the study 

area varies from place to place as regions such as Kwali, Abaji and Kuje have 

variably few healthcare delivery services as when compared to Municipal are 

of Abuja. Proximity to healthcare facilities will limit the menace of malaria, this 

is so because treatment can easily be accessed and preventive measures through 

the distribution of treated insecticide nest can be easily accessed by the 

residence close to the health care centers, as the travel distance for proper 

medical treatment will be averted, the map shows that municipal area council 

have the highest numbers of healthcare felicities which limits the prevalence of 

malaria as when compared to Abaji and Kwali area council, thus malaria 

incidence predominates in this regions that have less health care centers.  

 
Fig 5: Healthcare Centers 

Figure 6, shows the surface water which was derived from satellite image 

through Normalized Differential Water Index (IDWI), surface water which 

provides a conducive environment for the anopheles’ mosquitoes to replicate. 

The availability of surface water basically varies due to the influence of 

seasonal variation, there is every tendency of more surface water during the wet 

seasons as not all the runoffs tend to infiltrate down the soil, it is clearly shown 

on the surface water map where Municipal Area, Gwagwalada, Kuje and Abaji 

Area Councils have the highest volume of surface water which provides an ideal 

habitat in which the anopheles mosquito can reproduce effectively  
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Fig 6: Water Surface and Major Roads Network in Abuja 

Figure 7 shows the Abuja dynamic pattern of Land Cover (LC) generated based 

on spectral properties of the land surface. The Land Used (LU) and LC system 

are;vegetation, agricultural land, surface water and rock outcrop. Woody areas 

are areas that havehigh moisture which favors the ecological reproduction and 

transmission of the malaria parasite as affirmed by (Afrane, Lawson, Githeko, 

& Yan, 2005). The closeness to the forest and swamps areas can be associated 

with increased vector density as the habitat offers a conducive environment for 

these organisms to reproduce.  
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Figure 7: LULC Type of Abuja 

Spatiotemporal Occurrence of Malaria Using AHP for Decision Making 

The standard criterion weights were calculated as 0.41, 0.62, 0.83, 0.10, 0.13, 

0.20 and 0.40 for LULCT, elevation, healthcare centers, Proximity River, 

surface water, rainfall, rainfall and temperature in that case, respectively. 

Consistency ratio (CR) was found to be 0.10 with the input values in pairwise 

comparison and weights calculated. This shows the sensibility in the degree of 

accuracy.  

Risk Map of Malaria Prevalence 

Figure 8 shows the composite map indicating the risk areas for malaria that were 

created using GIS multi-criteria assessment methods. From a pair wise 

comparison between the two, Temperature, rainfall and proximity to surface 

water have the highest rating in term of weight with 0.41, 0.20 and 0.13 

respectively. In the GIS system, the range numbers are labeled on the 

development chart as very medium, large, moderate, low and very limited, 

indicating the amount of malaria scenarios in the region.  

Considering LU as a contributing factor and the degree to which LU and ground 

cover quality impact malaria because it plays a key role in agricultural practices 

(e) 
(f) 
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(irrigation) and other open water storage system which serves as habitat for 

these organisms thus leading to malaria incidence. Form the risk map is being 

analyses that 11.61%, 24.84%, 29.51%, 22.64% and 11.37% of the area were 

very low, low, moderate, high and very high malaria risk areas respectively. 

 
Fig 8: Malaria Risk Map of Abuja 

Summary Conclusion and Recommendation 

Summary 

The rising prevalence of malaria has become a national problem, resulting in 

irreplaceable loss of life and low rates of productivity. This project work 

explores the capabilities and incorporation of natural phenomenon, remote 

detection and information on climate to adequately examine the prevalence of 

malaria hazard. Among other things, the research addresses the very low, low, 

moderate, high and very high risk areas of malaria in Abuja. Experts in the field 

of epidemiology and health sciences have rated and validated the identified 

parameters. In Microsoft Excel. The outcome suggested five major risk areas of 
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malaria; the high-risk area, high-risk region, moderate risk zone, low-risk zone, 

and very low-risk zone. 

 

Conclusion 

This project work was designed to identify, determine, evaluate and produce an 

operational malaria risk map of the Abuja, in other to provide decision makers 

with a framework that will cater for proper malaria control and mitigation 

measures. The data used for this research work include, climatic data (rainfall 

and temperature), topographic data, infrastructural data and environmental 

factors. This data was subjected to AHP methods were the weight was assigned 

to each criteria in respect to their influence on malaria initiating level. The 

assigned weight was validated by experts in the field of epidemiological studies. 

This data was incorporated in a GIS environment and a multi-criterial decision 

analysis technique which allows for the combination of multi-layers was carried 

out so as to overlay the weights of each criteria in respect to their respective 

influence on malaria menace. The result obtained from this research shows that 

climatic factors most especially rainfall and temperature have significant 

influence on malaria occurrence in the study area, while topographic, and 

environmental factors have marginal influence on malaria occurrence. 

Recommendations 

The researcher forwarded the following recommendations from the finding:  

The research region malaria threat map shows that a large number of Abuja 

areas are at high and medium risk levels. But if one or more variables increase 

or decrease in price, the situation moves to very high or other levels of risk. 

Consequently, GIS and an early warning system focused on remote sensing 

should be incorporated into malaria contents in order to keep the data up-to-

date. 

As part of the main campaign to reduce the proliferation of mosquitoes and 

malaria, health packages should be provided to the local community in 

connection with the newly developed canals for agricultural purposes dependent 

on drainage. This could be by supplying malaria survivors with services, raising 

awareness about Prevention and management of malaria and net delivery of the 

handled insecticide. 

In addition to the parameters used in this study certain factors which may lead 

to the incidence of malaria such as household income level, housing type, 

population alertness rate and others may affect the prevalence of malaria. 
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Therefore, for better accuracy, it is easier to combine these variables with the 

parameters already used. 

 

REFERENCES 

Afrane, Yaw A, Lawson, Bernard W, Githeko, Andrew K, & Yan, Guiyun. 

(2005). Effects of microclimatic changes caused by land use and land cover 

on duration of gonotrophic cycles of Anopheles gambiae (Diptera: 

Culicidae) in western Kenya highlands. Journal of medical entomology, 

42(6), 974-980.  

Alimi, Temitope O. (2016). Multi-Scale Modeling and Assessment of Malaria 

Risk in Northern South America.  

Baral, Stefan D, Grosso, Ashley, Holland, Claire, & Papworth, Erin. (2014). 

The epidemiology of HIV among men who have sex with men in countries 

with generalized HIV epidemics. Current opinion in HIV and AIDS, 9(2), 

156-167.  

Chikodzi, David. (2013). Spatial modelling of malaria risk zones using 

environmental, anthropogenic variables and geographical information 

systems techniques. Journal of Geosciences and Geomatics, 1(1), 8-14.  

Cutler, David, Fung, Winnie, Kremer, Michael, Singhal, Monica, & Vogl, Tom. 

(2010). Early-life malaria exposure and adult outcomes: Evidence from 

malaria eradication in India. American Economic Journal: Applied 

Economics, 2(2), 72-94.  

Faluyi, Olumuyiwa Temitope. (2017). An assessment of Nigeria’s counter-

terrorism policies against Boko Haram.    

Gething, Peter W, Patil, Anand P, Smith, David L, Guerra, Carlos A, Elyazar, 

Iqbal RF, Johnston, Geoffrey L, . . . Hay, Simon I. (2011). A new world 

malaria map: Plasmodium falciparum endemicity in 2010. Malaria journal, 

10(1), 378.  

Kulkarni, Manisha A, Desrochers, Rachelle E, & Kerr, Jeremy T. (2010). High 

resolution niche models of malaria vectors in northern Tanzania: a new 

capacity to predict malaria risk? PLoS One, 5(2), e9396.  

Lev, Efraim. (2007). Practical materia medica of the medieval Eastern 

Mediterranean according to the Cairo Genizah: Brill. 

Mitchell, Tom, & van Aalst, Maarten. (2008). Convergence of disaster risk 

reduction and climate change adaptation. A review for DFID, 44, 1-22.  

 


