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Abstract 
Malaria is one of the worst illnesses that may affect humans. It is typically transmitted by the bite of a female Anopheles mosquito and is caused by parasitic protozoans from the Plasmodium parasite. In Nigeria, and other African countries, Government and non-governmental organizations made numerous initiatives to combat the threat of malaria in communities. Nevertheless, the necessary attention was not paid to accurate and current information regarding the size and location of vulnerable areas for mosquito breeding. This study will use satellite data to identify the very high, high, moderate, low, and extremely low malaria-vulnerable areas in Damaturu Town, Nigeria. The maps produced by this study will be of great use to the health department in combating the malaria pandemic.
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Introduction 
Much data regarding environmental elements influencing malaria transmission cycles and at-risk human populations can be obtained using satellite remote sensing (McMahon et al., 2021). Long-term observations analyze the connections between environmental factors and malaria more easily, and high-resolution satellite data can be used to evaluate how environmental conditions affect malaria rates (Wimberly et al., 2021). 
Nigeria accounts for the highest percentage of the global malaria burden compared to any other country, with 27% of the global estimated malaria cases and 31% of the estimated deaths (Nnamonu et al,. 2020). To address this problem, the government established the National Malaria Strategic Plan (NMSP), the Nigeria End Malaria Council (NEMC), and the National Malaria Elimination Program (NMEP) intending to eradicate malaria by 2025. However, this program lacks comprehensive information on malaria that can be used to control and mitigate the disease. This contributed to poor management and control of the disease in many cities in Nigeria.
Our study uses Satellite data and identify vulnerable areas that were affected by malaria disease in Damaturu town. Buildings, roads, drainage, and elevation models were analyzed. The very high, high, moderate, low, and very low vulnerable areas were mapped out. This study will contribute to the eradication of malaria and the realization of the United Nations Sustainable Development Goal (SDG) 3 Target 3d: Strengthen the capacity of all countries, in particular developing countries, for early warning, risk reduction, and management of national and global health risks.

Materials and Methods 

a.	Study Area:	
The site of this study was Damaturu, the capital of Yobe State Nigeria. it is one of the northeastern states that has a high record of malaria cases. Damaturu lies between the latitude 11º 42’N and 11º 47’N and between the longitude 11º 54’E and 12º 02’E. Figure 1 shows the map of the study area.
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Figure 1: The study area

b.	Materials:
Three categories of data were used in this study. These are the built-up area map, elevation data, and utility map. The built-up area map presents all the residential buildings in the town. The residential areas were used to evaluate the population density. The elevation data shows the elevation model of the city. Elevation data indicates the location of stagnant surface water in the town. Drainages and the gutters were obtained from the utility map of the town. 


c.	Methods:
The methods involved in this work were grouped into two; namely data preparation and data analysis. The data preparation includes creating relevant data classes for the analysis and mapping of malaria-vulnerable areas. These classes are population data, elevation data, and utility data, these classes were created from the arc catalog personal geodatabase named Malaria.  The projected coordinate system was selected as UTM WGW1984 Zone 32N. Vertical controls system is Africa, Lagos 1955. Buffer, clip, classification, and intersection tools from ArcGIS were used for the analysis. Using the georeferenced Google Maps as the source information, the buildings, roads, and drainages were traced under building and utility data classes respectively from the image in Figure 2.  

[image: ]
Figure 2. One of the Google imageries of Damaturu town


The elevation model was generated from the STRM data. Damaturu area has the highest altitude above mean sea level (MSL) at 421 meters and 358 as the lowest. Figure 3 is the STRM data covering Damaturu Town.

[image: ]
Figure 3. STRM data of Damaturu Town

Results and Discussion
The traced map that shows buildings, roads, and drainages is presented in Figure 4.

[image: ]
Figure 4. Buildings, drainage, and roads.

The spot heights were classified into five groups at an interval of 15 to 18 meters. The classes range from the highest (403m – 421m) to the lowest (358 m– 373m). The lowest plain is the area that always has stagnant water while the highest plain is the area that has no stagnant water, Figure 5 is the classified STRM data.



[image: ]
Figure 5. Classified STRM data

The drainage was buffered for a distance of 500m from its center line. The result was presented in Figure 6.




[image: ]
Figure 6. Buffered drainage

The analyzed map using the buffered drainage, elevation model, and buildings was presented as the malaria-vulnerable areas in Figure 7. They were in five grades of vulnerability. These are very high, high, moderate, low, and very low. 

[image: ]
Figure 7. Malaria vulnerability areas of Damaturu town, Nigeria.

From the analysis, the areas and perimeter for each class were calculated and presented in Table 1.
Table 1. Vulnerability classes 
	Vulnerability class
	Total Area (hct)
	Total Perimeter (km)

	Very high
	500.804
	12.983

	High 
	278.702
	17.556

	Moderate 
	1,394.626
	40.614

	Low 
	1,082.440
	30.362

	Very low
	798.173
	33.601


The table indicates that most parts of the residential area were moderately vulnerable to malaria. The overall results show that the vast population in the town was at risk of malaria. Only a small portion of the town indicates low vulnerability.
More than half of all deaths reported in North East Nigeria are due to malaria, as opposed to other illnesses including cholera, measles, and hepatitis E. (Adogo, & Ogoh, 2020) To eradicate any malaria parasites during this peak malaria transmission period, the seasonal malaria chemoprevention effort being carried out at this fortunate time seeks to maintain an appropriate level of antimalarial drug concentration in targeted youngsters. 
Almost 190,000 children between the ages of three and fifty-nine months are receiving seasonal malaria prophylaxis in 60 wards in the local government areas (LGAs) of Yusufari, Tarmuwa, Bade, Machina, Nguru, and Karasuwa thanks to a collaboration between the Yobe State Ministry of Health, WHO, and Malaria Consortium. The targeted LGAs recorded the State's highest number of malaria cases in 2018.
GIS was primarily utilized in the field of malaria control to describe malaria risk, which was frequently restricted to hospital-based morbidity and mortality (Olagundoye & Goparaju, 2023). More attention was paid to this study to the vulnerability of residential areas, particularly in Damaturu, the capital of Yobe State. There were five categories for the entire town. Figure 8 shows the extent for each class statistically. 

[image: ]
Figure 8. Statistical presentation of vulnerability
The very highly vulnerable areas are much more than the high areas. This signals a danger in terms of malaria risk in the town. The state government must take drastic measures to mitigate the occurrences of malaria parasites in those identified areas. Findings from this study will aid the government and other non-governmental organizations in minimizing the spread of the disease.

Conclusion and Recommendation 
Satellite data was used successfully to map out malaria-vulnerable areas in Damaturu town Nigeria, the result of the study can contribute to achieving the objectives of the National Malaria Strategic Plan (NMSP), the Nigeria End Malaria Council (NEMC), and the National Malaria Elimination Program (NMEP). The study therefore recommends that the result should be used in the decision-making for the control and eradication of malaria by relevant government agencies. 
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