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Malaria remains as one of the major health problems in Sudan. The purpose of 

this study was to investigate the relationship among malaria, climate variables 

and socio-economic factors in Sudan. The health production modification model 

was applied to examine the relations between climate variability (average 

temperature and average rainfall) and socio-economic factors, with the malaria 

rate per state in Sudan. The results of the model found that there are significant 

relations between the malaria rate, rainfall and water bodies. Therefore, an in-

depth study using monthly data and adding more control variables is needed. 

 

We evaluated the potential clustering of incidence of malaria in Sudan using 

two procedures: choropleth mapping to summarize the malaria spatial data, 
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based on state boundaries, and geo-statistical kriging. The results indicate that 

the highest rate of malaria was recorded in the middle east of Sudan and south 

east, while low rates were observed in the western and northern parts. 

 

To predicted and forecasting the spread of malaria in Sudan we adopted The 

Auto-Regressive Integrated Moving Average (ARIMA) model. The ARIMA 

model used malaria cases from 2004 to 2009 as a training set, and data from 2010 

as a testing set, and created the best model fitted to forecast the malaria cases in 

Sudan for years 2011 and 2012. The ARIMAX model was carried out to examine 

the relationship between malaria cases and climate factors with diagnostics of 

previous malaria cases using the least Bayesian Information Criteria (BIC) 

values. The results indicated that there were four different models, the ARIMA 

model of the average for the overall states is (1,0,1)(0,1,1)12. The ARIMAX model 

showed that there is a significant variation between the states in Sudan. 

 

We created the prediction malaria distribution model using the Fuzzy Logic 

Suitability (FLS) model based on the life cycle characteristics of the Anopheles 

mosquito. This model used the climate factors – maximum and minimum 

temperature, rainfall and relative humidity – from years 2004 to 2010. The 

results of the prediction model found that the climate factors were suitable for 

malaria transmission from (May to October) in Sudan. While the estimation 

malaria model maps results showed that the malaria rate was high from (June to 
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November). The comparison results between prediction and estimation model 

discovered that the largest similarities were around 55% in the prediction of 

October and estimation of November. 
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Malaria masih sebagai pedih salah satu daripada masalah kesihatan yang utama 

di Sudan. Tujuan kajian ini ialah untuk menyiasat hubungan antara malaria, 

pemboleh ubah cuaca dan faktor-faktor sosioekonomi di Sudan. Model 

pengubahsuaian pengeluaran kesihatan digunakan untuk memeriksa 

hubungan-hubungan antara keberubahan iklim (suhu purata dan min hujan 

tahunan) dan faktor-faktor sosioekonomi, dengan kadar malaria setiap negeri di 

Sudan. Keputusan-keputusan model mendapati bahawa ada hubungan 

signifikan antara kadar malaria, hujan dan badan-badan air. Oleh itu, satu 

kajian mendalam menggunakan data bulanan dan menambah lebih pemboleh 

ubah-pemboleh ubah kawalan diperlukan. 
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Kami telah menilai potensi kerumunan insidens malaria di Sudan 

menggunakan dua prosedur: pemetaan koroplet untuk ringkaskan data reruang 

malaria, berdasarkan sempadan-sempadan negeri , dan kriging geo statistik. 

Keputusan-keputusan menunjukkan bahawa kadar tertinggi malaria telah 

dicatatkan di tengah timur dan tenggara Sudan, sementara kadar yang rendah 

telah dicerap dalam bahagian di utara dan barat. 

 

Untuk meramalkan dan menjangkakan penularan wabak malaria di Sudan, 

kami menggunapakai model ARIMA (Auto-Regressive Integrated Moving 

Average). ARIMA menggunakan kes-kes malaria terpakai dari 2004 untuk 2009 

sebagi satu set latihan , dan data dari 2010 sebagi satu set ujian , dan 

mewujudkan model terbaik sesuai untuk meramalkan kes-kes malaria di Sudan 

untuk tahun 2011 dan 2012. ARIMAX model dijalankan untuk memeriksa 

hubungan antara kes-kes malaria dan faktor-faktor cuaca dengan diagnostik-

diagnostik kes-kes malaria sebelumnya menggunakan tersedikit nilai-nilai 

Bayesian Information Criteria (BIC). Keputusan-keputusan menunjukkan yang 

terdapat empat model berbeza, model ARIMA purata untuk keseluruhan 

negeri-negeri ialah (1,0,1)(0,1,1)12. ARIMAX model menunjukkan yang terdapat 

satu variasi bererti antara negeri-negeri di Sudan. 
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Kami membina model ramalan penularan malaria menggunakan model „Fuzzy 

Logic Suitability‟ (FLS) berdasarkan ciri-ciri jangka hayat nyamuk Anopheles. 

Model ini menggunakan faktor-faktor cuaca – suhu minimum dan maksimum, 

hujan dan kelembapan relatif – dari tahun-tahun 2004 untuk 2010. Keputusan-

keputusan model telahan mendapati bahawa faktor-faktor cuaca sesuai untuk 

distribusi malaria dari (Mei hingga Oktober) di Sudan. Manakala malaria 

keputusan peta model anggaran menunjukkan bahawa kadar malaria tinggi 

dari (Jun hingga November). Keputusan perbandingan antara ramalan dan 

model anggaran mendapati bahawa persamaan-persamaan terbesar merupakan 

sekitar 55% dalam ramalan Oktober dan anggaran November. 
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CHAPTER 1 

 

GENERAL INTRODUCTION 

 

Malaria is considered as one of the diseases that result from a complex series of 

ecological interactions between malaria parasites, mosquitoes and humans. The 

female Anopheles mosquito represents the “definitive host” for the malaria 

parasites because the sexual cycle of parasite reproduction takes place within 

the mosquito‟s gut, while the human being, who is injected with the parasites by 

an infected mosquito, represents the “intermediate host” (James and Webb, 

2009). 

 

Malaria is a disease that can be transmitted to all ages of people. It is caused via 

parasites of the species Plasmodium that is spread from person to person through 

the bites of infected mosquitoes. It has direct relations with many other diseases 

like Tuberculosis (TB) and HIV/AIDS. According to the WHO (2011), there 

were 216 million confirmed malaria cases in 2010 and an estimated 3.3 billion 

people were at risk of malaria. Table 1.1 shows the estimated malaria cases and 

deaths in year 2010 for the WHO region, where Africa represented more than 

80% and 90% for the estimated cases and estimated deaths, respectively. Sadly, 

most of the victims of the disease are children; one child dies every 30 seconds 
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from malaria in Africa; 20% of all childhood deaths in Africa are due to malaria; 

and people living in the poorest countries are the most vulnerable (WHO, 2011). 

 

Table 1.1: Estimated malaria cases and deaths 
 

Regions Estimated cases Estimated deaths 

African Region 174 million 596 000 

Americas Region 1 million 1 000 

Eastern Mediterranean Region 10 million 15 000 

European Region 200 0 

South-East Asia Region 28 million 38 000 

Western Pacific Region 2 million 5 000 

(Adapted from WHO Region, 2010) 

 

The main area affected by malaria on the world map is generally sub-Saharan 

African countries. The marginal change in temperature and rainfall would lead 

to a significant change in the number of malaria cases for most countries in 

Africa (Egbendewe-Mondzozo et al., 2011). The change of temperature and 

rainfall will affect the health sector due to the change in the ecology of various 

vector-borne diseases, such as malaria and dengue (Bush et al., 2011). Some 

groups are more vulnerable to threats of malaria and deaths therefrom, such as 

pregnant women, patients with HIV/AIDS, non-immune travellers, and, in high 

transmission areas, children less than five years of age. 
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The disease also affects the level of human capital, life expectancy, initial family 

income, and the macro-economic indicators of various kinds. Malaria causes a 

loss of an average of 1.3% of annual economic growth in countries with intense 

transmission (WHO, 2011). Malaria exposes families and communities in a 

vicious circle of poverty and marginalization, which disproportionately affects 

the poor who cannot afford treatment or whose access to health care is limited. 

As well as 22% of working days in Sudan are lost because of malaria (NMCP, 

2006a). Sudan is one of the sub-Saharan countries whose population is highly 

affected by malaria. 

 

1.1 Problem Statements 

 

Malaria remains as one of the major health problems in most of the African 

countries, combating and treatment consumes large proportions of health 

budgets in these countries. Since malaria poses threats to indigenous 

populations as well as visitors, it acts as a deterrent to tourism and foreign 

investment in these countries. Hence, malaria not only affects the health status 

of Africa's population, but also has far-reaching economic consequences that 

stifle the economy. 

 

The accurate prediction of the risk of malaria is dependent on the knowledge of 

a number of environmental and climatic factors that are related to its 
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transmission (Hay et al., 1998). This study tries to summarize the most important 

factors – climatic, socio-economic and human – that cause and affect the malaria 

disease. Accurate spatial statistical and mapping of malaria risks in Sudan by 

using Geographic Information Systems (GIS) is considered an important tool for 

combating malaria. 

 

1.2 The Objectives 

 

The main objective of this study is to provide an understanding of the links 

between malaria, climate variables and socio-economic factors in Sudan by 

achieving the following specific objectives. 

 

1.  To examine the relationship between the environmental and socio-economic 

determinants and their impact on malaria rates in Sudan. 

2. To investigate the spatial distribution pattern of malaria risk in Sudan. 

3. To forecast malaria cases for 2011 and 2012, and examine the relationship 

between malaria cases and climatic factors per state in Sudan. 

4. To create the climate suitability malaria maps from climate factors and actual 

number of malaria cases maps in Sudan, and compare between the suitability 

and actual malaria maps. 
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1.3 Significance of Study 

 

Sudan is an agricultural country in which more than 70% of the population 

relies on agriculture for income, and most of the agricultural activities depend 

on rainfall and temperature (FAO, 2010). However, one of the major constraints 

that the agricultural sector faces is the wide spread of diseases, especially 

malaria, which leads to reduced activity and the effectiveness of the workforce, 

and, thus, contributes to low production and productivity. In addition, it uses 

funds that could be employed in other important areas to benefit the country. 

Despite the tremendous effect of malaria on agriculture and the population in 

Sudan, there is a huge information gap with regard to mapping and spatial 

analysis of malaria. Therefore, this study is expected to contribute effectively to 

the knowledge concerning the field of malaria analysis in Sudan. 



© C
OPYRIG

HT U
PM

 
 

141 
 

REFERENCES 

 

Adjuik, M., Bagayoko, M., Binka, F., Coetzee, M., Cox, J., Craig, M. H., 
Deichman, U., Don de Savigny, F., Fraser, C., Gouws, E., Kleinschmidt, 
I., Lemardeley, P., Lengeler, C., Le Sueur, D., Omumbo, J. A., Snow, R. 
W., Sharp, B., Tanser, F. C., Teuscher, T. & Toure, Y. (1998). Towards an 
atlas of malaria risk in Africa. First technical report. Durban: 
MARA/ARMA. 

Aggrey, N. & Douglason, O. (2010). Environmental and Socio-economic 
Determinants of Malaria Prevalence in Uganda. Research Journal of 
Environmental and Earth Sciences, 2(4), 194-198. 

Asante, F. A. (2009). The Links between Malaria and Agriculture: Reducing 
Malaria Prevalence and Increasing Agricultural Productivity in Endemic 
Countries. Conference on Implementation Vector Control Measures for the 
Integrated Fight Against Malaria: From Research to Implementation, Paris. 

Asenso-Okyere, K., Asante, F. A., Tarekegn, J. & Andam, K. S. (2009). The 
linkages between agriculture and malaria: Issues for policy, research, and 
capacity strengthening. International Food Policy Research Institute. 

Asenso-Okyere, K., Asante, F. A., Tarekegn, J. & Andam, K. S. (2011). 
Addressing the links among agriculture, malaria, and development in 
Africa. International Food Policy Research Institute, 16. Retrieved from 

http://2020conference.ifpri.info/. 

Asher, J. & Daponte, B. O. (2010). A Hypothetical Cohort Model of Human 
Development. Human Development Report Office (HDRO), United 
Nations Development Programme (UNDP). 

Ayanlade, A., Adeoye, N. & Babatimehin, O. (2010). Climate Change/variability 
and malaria transmission in Sub-Saharan Africa: A case of Nigeria. An 
International Conference on the Occasion of the 250th Anniversary of the Royal 

Norwegian Society of Sciences and Letters, Trondheim, Norway, 21-24 June 
2010. 

Berke, O. (2004). Exploratory disease mapping: kriging the spatial risk function 
from regional count data. International Journal of Health Geographics, 3(1), 
18. 



© C
OPYRIG

HT U
PM

 
 

142 
 

Berry, J. K. (2007). Map Analysis: Understanding Spatial Patterns and Relationships. 
University of Denver: BASIS Press. Retrieved from 
http://www.innovativegis.com/basis. 

Bezzi, M. & Vitti, A. (2005). A comparison of some kriging interpolation 
methods for the production of solar radiation maps. Geomatics 

Workbooks, 2005. 

Bhattacharya, S., Sharma, C., Dhiman, R. & Mitra, A. (2006). Climate change and 
malaria in India. Current Science-Bangalore, 90(3), 369. 

Bi, P., Tong, S., Donald, K., Parton, K. A. & Ni, J. (2003). Climatic variables and 
transmission of malaria: a 12-year data analysis in Shuchen County, 
China. Public Health Reports, 118(1), 65–71. 

Bloom, D. E., Sachs, J. D., Collier, P. & Udry, C. (1998). Geography, demography, 
and economic growth in Africa. Brookings Papers on Economic Activity, 
1998(2), 207–295. 

Boelee, E., Konradsen, F. & Hoek, W. V. (2002). Malaria in irrigated agriculture: 
papers and abstracts for the SIMA Special Seminar at the ICID 18th 
International Congress on Irrigation and Drainage, Montreal, 23 July 2002. 
Iwmi. 

Bonde, A. (2000). Fuzzy Logic Basics. GTE Government Systems Corp, 2194. 

Box, G. & Jenkins, G. (1976). Time series analysis: forecasting and control 
Holden Day. San Francisco, 51–65. 

Bray, R. S. & Garnham, P. C. C. (1982). The life-cycle of primate malaria 
parasites. British Medical Bulletin, 38(2), 117. 

Briet, O. J., Vounatsou, P., Gunawardena, D. M., Galappaththy, G. N. & 
Amerasinghe, P. H. (2008). Models for short term malaria prediction in 
Sri Lanka. Malaria Journal, 7(1), 76. 

Brocklebank, J. C. & Dickey, D. A. (2003). SAS for forecasting time series. SAS 
Publishing. 

Bush, K. F., Luber, G., Kotha, S. R., Dhaliwal, R. S., Kapil, V., Pascual, M., 
Brown, D. G., Frumkin, H., Dhiman, R. C., Hess, J., Wilson, M., 
Balakrishnan, K., Eisenberg, J., Kaur, T., Rood, R., Batterman, S., Joseph, 
A., Gronlund, C. J., Agrawal, A. & Hu, H. (2011). Impacts of Climate 
Change on Public Health in India: Future Research Directions. 
Environmental Health Perspectives, 119(6), 765. 



© C
OPYRIG

HT U
PM

 
 

143 
 

Calle, D. A., Quiñones, M. L., Erazo, H. F. & Jaramillo, N. (2008). Differentiation 
by geometric morphometrics among 11 Anopheles (Nyssorhynchus) in 
Colombia. Biomédica: revista del Instituto Nacional de Salud, 28(3), 371. 

Carrat, F. & Valleron, A. J. (1992). Epidemiologic Mapping using the “Kriging” 
Method: Application to an Influenza-like Epidemic in France. Am. J. 

Epidemiology, 135(11), 1293–1300. 

Carter, R. & Mendis, K. N. (2002). Evolutionary and Historical Aspects of the 
Burden of Malaria. Clinical Microbiology Reviews, 15(4), 564 –594. 

Chapman, A. D. & Wieczorek, J. (2006). Guide to best practices for georeferencing. 
Copenhagen: Global Biodiversity Information Facility. 

Cliff, A. D. & Ord, J. K. (1981). Spatial processes: models & applications (Vol. 44). 
Pion London. 

Cox, J., Craig, M. H., Le Sueur, D. & Sharp, B. (1999). Mapping malaria risk in the 
highlands of Africa (p. 114). MARA/ARMA. 

Craig, M. H. (2009). The temporal and spatial distribution of malaria in Africa, with 
emphasis on Southern Africa. University of Basel. Retrieved from 
http://edoc.unibas.ch/1120/. 

Craig, M. H., Kleinschmidt, I., Nawn, J., Le Sueur, D. & Sharp, B. (2004). 
Exploring 30 years of malaria case data in KwaZulu-Natal, South Africa: 
Part I. The impact of climatic factors. Tropical Medicine & International 
Health, 9(12), 1247–1257. 

Craig, M. H., Snow, R. W. & le Sueur, D. (1999). A climate-based distribution 
model of malaria transmission in sub-Saharan Africa. Parasitology Today, 
15(3), 105–111. 

Cressie, N. (1985). Fitting variogram models by weighted least squares. 
Mathematical Geology, 17(5), 563–586. 

Cromley, E. K. & McLafferty, S. L. (2011). GIS and public health. The Guilford 

Press. 

Dhiman, R., Bhattacharjee, S., Adak, T. & Subbarao, S. (2003). Impact of climate 
change on malaria in India with emphasis on selected sites. Proceedings of 
the Workshop on Water Resources, Coastal Zones and Human Health held at 
Indian Institute of Technology, Delhi, New Delhi. 



© C
OPYRIG

HT U
PM

 
 

144 
 

Diggle, P. J., Tawn, J. A. & Moyeed, R. A. (1998). Model-based geostatistics. 
Journal of the Royal Statistical Society: Series C (Applied Statistics), 47(3), 
299–350. 

Dobesch, H., Dumolard, P. & Dyras, I. (2007). Spatial interpolation for climate 
data. ISTE Ltd., London, 45–48. 

Donato, G. & Belongie, S. (2002). Approximate thin plate spline mappings. 
Computer Vision—ECCV 2002, 13–31. 

Dorsel, D. & La Breche, T. (1997). Environmental sampling and monitoring 
primer: kriging. Online information: http://www. cee. vt. edu (acceded in 16 
November, 2002), Virginia Polytechnic Institute and State University, Virginia. 

Driver, J. R., Gammel, J. A. & Karnosh, L. J. (1926). Malaria Treatment of Central 
Nervous System Syphilis. The Journal of the American Medical Association, 
87(22), 1821 –1827. 

Duchon, J. (1977). Splines minimizing rotation-invariant semi-norms in Sobolev 
spaces. Constructive theory of functions of several variables, 85–100. 

Eastman, J. R., Fulk, M., Toledano, J. & Hutchinson, C. (1993). The GIS handbook. 
Clark University. 

Egbendewe-Mondzozo, A., Musumba, M., McCarl, B. A. & Wu, X. (2011). 
Climate Change and Vector-borne Diseases: An Economic Impact 
Analysis of Malaria in Africa. International Journal of Environmental 
Research and Public Health, 8(3), 913–930. 

EPA. (2004). Developing Spatially Interpolated  Surfaces and Estimating Uncertainty. 

U.S: Environmental Protection Agency. 

FAO. (2010). Plan of Action for North Sudan. Emergency Operations and 
Rehabilitation Division Food and Agriculture Organization of the 
United Nations, Rome. 

Fayissa, B. & Gutema, P. (2008). A Health Production Function for Sub-Saharan 
Africa (SSA). Working Papers. 

Gallup, J. & Sachs, J. D. (2001). The economic burden of malaria. The American 
Journal of Tropical Medicine and Hygiene, 64(1 suppl), 85 –96. 

Garros, C., Harbach, R. E. & Manguin, S. (2005). Morphological assessment and 
molecular phylogenetics of the Funestus and Minimus Groups of 
Anopheles (Cellia). Journal of Medical Entomology, 42(4), 522–536. 



© C
OPYRIG

HT U
PM

 
 

145 
 

Gillies, M. T. & De Meillon, B. (1968). The Anophelinae of Africa south of the 
Sahara (Ethiopian Zoogeographical Region). South African Institute for 
Medical Research, 54, 1–343. 

Grossman, M. (1972). On the concept of health capital and the demand for 
health. The Journal of Political Economy, 80(2), 223–255. 

Grover-Kopec, E. K., Blumenthal, M. B., Ceccato, P., Dinku, T., Omumbo, J. A. & 
Connor, S. J. (2006). Web-based climate information resources for 
malaria control in Africa. Malaria journal, 5(1), 38. 

Handa, S. (2000). The impact of education, income, and mortality on fertility in 
Jamaica. World Development, 28(1), 173–186. 

Hardy, J. T. (2003). Climate change: causes, effects, and solutions. Wiley. 

Hawkes, C. & Ruel, M. T. (2006). Agriculture, Food, and Health: Perspectives on 
a Long Relationship. Understanding the links between agriculture and health 
(Vol. 13). Washington, USA: International Food Policy Research 
Institute. 

Hay, S. I., Guerra, C. A., Gething, P. W., Patil, A. P., Tatem, A. J., Noor, A. M., 
Kabaria, C. W., Manh, B. H., Elyazar, I .R .F., Brooker, S., Smith, D. L., 
Moyeed, R. A. & Snow, R. W. (2009). A World Malaria Map: 
Plasmodium falciparum Endemicity in 2007. PLoS Medicine, 6(3), 148. 

Hay, S. I., Guerra, C. A., Tatem, A. J., Noor, A. M. & Snow, R. W. (2004). The 
global distribution and population at risk of malaria: past, present, and 
future. The Lancet infectious diseases, 4(6), 327–336.  

Hay, S. I., Snow, R. W. & Rogers, D. J. (1998). Predicting malaria seasons in 
Kenya using multitemporal meteorological satellite sensor data. 
Transactions of the Royal Society of Tropical Medicine and Hygiene, 92(1), 12–
20. 

Himeidan, Y. E., Hamid, E. E., Thalib, L., Elbashir, M. I. & Adam, I. (2007). 
Climatic variables and transmission of falciparum malaria in New Halfa, 
eastern Sudan. Eastern Mediterranean Health Journal, 13(1), 17. 

Hirsch, A. (1883). Handbook of geographical and historical pathology (Translated 

from the second German edition by Charles Creighton., Vol. 1.- Acute 
Infective Disease). New Sydenham Society, London. 



© C
OPYRIG

HT U
PM

 
 

146 
 

Hoek, W. V., Konradsen, F., Perera, D., Amerasinghe, P. H. & Amerasinghe, F. 
P. (1997). Correlation between rainfall and malaria in the dry zone of Sri 
Lanka. Annals of Tropical Medicine and Parasitology, 91(8), 945–949. 

Hutchinson, M. F. (1998). Interpolation of rainfall data with thin plate 
smoothing splines-Part I: Two dimensional smoothing of data with short 
range correlation. Journal of Geographic Information and Decision Analysis, 
2(2), 139–151. 

Hutchinson, M. F. & Bischof, R. J. (1983). A new method for estimating the 
spatial distribution of mean seasonal and annual rainfall applied to the 
Hunter Valley, New South Wales. Australian Meteorological Magazine, 
31(3), 179–84. 

Hutchinson, M. F., Nix, H. A., McMahon, J. P. & Ord, K. D. (1996). The 
development of a topographic and climate database for Africa. 
Proceedings of the Third International Conference Integrating GIS and 
Environmental Modeling. 

Hutchinson, M. F., McKenney, D. W., Lawrence, K., Pedlar, J. H., Hopkinson, R. 
F., Milewska, E. & Papadopol, P. (2009). Development and Testing of 
Canada-Wide Interpolated Spatial Models of Daily Minimum–
Maximum Temperature and Precipitation for 1961–2003. Journal of 
Applied Meteorology and Climatology, 48(4), 725–741. 

James, L. A. & Webb, J. R. (2009). Humanity’s Burden: Aglobal History of Malaria. 
Studies in Environment and History. Cambridge University Press. 
Retrieved from www.cambridge.org. 

Jenks, G. F. (1967). The data model concept in statistical mapping. International 
Yearbook of Cartography, 7, 186–190. 

Jepson, W. F., Moutia, A. & Courtois, C. (1947). The malaria problem in 
Mauritius: the bionomics of Mauritian anophelines. Bulletin of 
Entomological Research, 38(01), 177–208. 

Jerrett, M., Gale, S. & Kontgis, C. (2010). Spatial Modeling in Environmental and 
Public Health Research. International Journal of Environmental Research and 
Public Health, 7(4), 1302–1329. 

Johnston, K., Ver Hoef, J. M., Krivoruchko, K. & Lucas, N. (2001). Using ArcGIS 
geostatistical analyst (Vol. 300). Esri Redlands, CA. 

Kleinschmidt, I. (2001). Spatial statistical analysis, modelling and mapping of malaria 
in Africa. University of Basel. Retrieved from http://edoc.unibas.ch/33/. 



© C
OPYRIG

HT U
PM

 
 

147 
 

Kleinschmidt, I., Bagayoko, M., Clarke, G., Craig, M. H. & Le Sueur, D. (2000). A 
spatial statistical approach to malaria mapping. International Journal of 
Epidemiology, 29(2), 355 –361. 

Kreuels, B., Kobbe, R., Adjei, S., Kreuzberg, C., von Reden, C., Bäter, K., Klug, S., 
Busch, W., Adjei, O. & May, J. (2008). Spatial variation of malaria 
incidence in young children from a geographically homogeneous area 
with high endemicity. Journal of Infectious Diseases, 197(1), 85-93. 

Krige, D. G. (1951). A Statistical Approach to Some Basic Mine Valuation 
Problems on the Witwatersrand. Journal of the Chemical, Metallurgical and 
Mining Society of South Africa, 52(6), 119–139. 

Krige, D. G. (1966). Two-dimensional weighted moving average trend surfaces 
for ore-evaluation. Journal of the South African Institute of Mining and 

Metallurgy, 66, 13–38. 

Krzywinski, J. & Besansky, N. J. (2003). Molecular systematics of Anopheles: 
from subgenera to subpopulations. Annual Review of Entomology, 48(1), 

111–139. 

Lai, P. C., So, F. M. & Chan, K. W. (2008). Spatial epidemiological approaches in 
disease mapping and analysis. CRC. 

Lawson, A. B. (2008). Statistical Methods in Spatial Epidemiology. Series in 

Probability and Statistics (second edition). Wily. 

Lindoso, J. A. & Lindoso, A. A. (2009). Neglected tropical diseases in Brazil. 
Revista do Instituto de Medicina Tropical de São Paulo, 51(5), 247–253. 

Lindsay, S. W. & Martens, W. J. (1998). Malaria in the African highlands: past, 
present and future. World Health Organization, 1, 33. 

Lusingu, J., Vestergaard, L., Mmbando, B., Drakeley, C., Jones, C., Akida, J., 
Savaeli, Z., Kitua, A., Lemnge, M. & Theander, T. (2004). Malaria 
morbidity and immunity among residents of villages with different 
Plasmodium falciparum transmission intensity in North-Eastern 
Tanzania. Malaria Journal, 3(1), 26. 

Maantay, J. A. & McLafferty, S. (2011). Geospatial Analysis of Environmental 
Health. Geotechnologies and the Environment (Vols. 1-4). Springer. 

Malakooti, M., Biomndo, K. & Shanks, G. (1998). Reemergence of epidemic 
malaria in the highlands of western Kenya. Emerging Infectious Diseases, 
4(4), 671. 



© C
OPYRIG

HT U
PM

 
 

148 
 

Mandel, J. (1984). The statistical analysis of experimental data. New York: Dover 
publications. 

Manjula, M. K. R., Jyothi, S. & Varma, M. S. A. K. (2010). Digitizing the Forest 
Resource Map Using ArcGIS. International Journal of Computer Science, 
7(6). 

mappery.com. (2009). Sudan Map. JPEG Image, . Retrieved from 
http://mappery.com/Sudan-Map. 

MARA/ARMA. (2001). Sudan: Distribution of Endemic Malaria. South Africa: 
Swiss Tropical Institute. 

Marcucci, C., Madjdpour, C. & Spahn, D. R. (2004). Allogeneic blood 
transfusions: benefit, risks and clinical indications in countries with a 
low or high human development index. British Medical Bulletin, 70(1), 15. 

Martens, W. J., Niessen, L. W., Rotmans, J., Jetten, T. H. & McMichael, A. J. 
(1995). Potential impact of global climate change on malaria risk. 
Environmental Health Perspectives, 103(5), 458–464. 

Martinez-Giron, R., Esteban, J. G., Ribas, A. & Doganci, L. (2008). Protozoa in 
respiratory pathology: a review. European Respiratory Journal, 32(5), 1354–
1370. 

Matheron, G. (1963). Principles of Geostatistics. Economic Geology, 58(8), 1246–

1266. 

McCafferty, W. P. (1983). Aquatic entomology: the fishermen’s and ecologists’ 
illustrated guide to insects and their relatives. Jones & Bartlett Learning. 

McMaster, R. B. (1988). Modeling community vulnerability to hazardous 
materials using geographic information systems. Proceedings, 3rd 
International Symposium on Spatial Data Handling (Vol. 143, p. 56). 

McMichael, A. J. (2003). Climate change and human health: risks and responses. 
Geneva: World Health Organization. 

Metz, H. C. (1992). Sudan a Country Study. Washington, D. C. : Federal Research 
Division. 

Molineaux, L. & Gramiccia, G. (1980). The Garki Project. Research on the 
Epidemiology and Control of Malaria in the Sudan Savanna of West 
Africa. Geneva: World Health Organization. 



© C
OPYRIG

HT U
PM

 
 

149 
 

Monmonier, M. & De Blij, H. J. (1996). How To Lie With Maps. University Of 
Chicago Press, 2nd Edition. 

Muirhead-Thomson, R. C. (1951). Mosquito Behaviour in relation to Malaria 
Transmission and Control in the Tropics. CAB Direct. Retrieved from 
http://www.cabdirect.org/abstracts/19522900611.html. 

Munga, S., Minakawa, N., Zhou, G., Mushinzimana, E., Barrack, O. O. J., 
Githeko, A. K. & Yan, G. (2006). Association between land cover and 
habitat productivity of malaria vectors in western Kenyan highlands. 
The American Journal of Tropical Medicine and Hygiene, 74(1), 69. 

Murray, S., Brophy, J., Kendall, C. & Palepu, A. (2007). Up close and personal: 
poverty and human development. Open Medicine, 1(3), 147. 

Mutero, C., McCartney, M., Boelee, E., Hawkes, C. & Ruel, M. T. (2006). 
Agriculture, Malaria, and Water-Associated Diseases. Understanding the 
links between agriculture and health. Washington, USA: International Food 
Policy Research Institute. 

Myers, J. C. (1997). Geostatistical Error Management: Quantifying Uncertainty for 
Environmental Sampling and Mapping. John Wiley and Sons. 

Nagelhout, A. & Hofstee, P. (2011). Creating a mosaic using small format aerial 
photographs. International Institute for Geo-Information Science and Earth 
Observation, URL: http://www. itc. nl/ilwis/applications/application26. 
asp(7/8/03). 

Natrella, M. (2010). NIST/SEMATECH e-Handbook of Statistical Methods. 
NIST/SEMATECH. Retrieved from 
http://www.itl.nist.gov/div898/handbook/. 

New, M., Lister, D., Hulme, M. & Makin, I. (2002). A high-resolution data set of 
surface climate over global land areas. Climate research, 21(1), 1–25. 

NMCP. (2004). The National Protocol for Treatment of Malaria. Khartoum, Sudan: 
National Malaria Control Program. 

NMCP. (2006a). National Strategic Plan for Roll Back Malaria in Sudan 2007-2012. 
Khartoum, Sudan: National Malaria Control Program. 

NMCP. (2006b). The National Protocol for Treatment of Malaria. Khartoum, Sudan: 
National Malaria Control Program. 

NPCC. (2008). The  5th Population Censes-Sudan. Central Bureau of Statistics- 

Sudan. 



© C
OPYRIG

HT U
PM

 
 

150 
 

Oliver, M. A., Muir, K. R., Webster, R., Parkes, S. E., Cameron, A. H., Stevens, M. 
C. G. & Mann, J. R. (1992). A geostatistical approach to the analysis of 
pattern in rare disease. Journal of Public Health, 14(3), 280. 

Omumbo, J. A., Hay, S. I, Guerra, C. A & Snow, R. W. (2004). The relationship 
between the Plasmodium falciparum parasite ratio in childhood and 
climate estimates of malaria transmission in Kenya. Malaria Journal, 3(1), 
17. 

Omumbo, J. A., Ouma, J., Rapuoda, B., Craig, M. H, Le Sueur, D. & Snow, R. W. 
(1998). Mapping malaria transmission intensity using geographical 
information systems GIS: an example from Kenya. Annals of Tropical 
Medicine and Parasitology, 92(1), 7–21. 

Onori, E. & Grab, B. (1980). Indicators for the forecasting of malaria epidemics. 
Bulletin of the World Health Organization, 58(1), 91. 

Openshaw, S. (1983). The modifiable areal unit problem (Vol. 38). Geo Books 
(Norwich Norfolk). 

Openshaw, S., Charlton, M. & Craft, A. (1988). Searching for leukaemia clusters 
using a geographical analysis machine. Papers in Regional Science, 64(1), 
95–106. 

Paaijmans, K. P., Imbahale, S. S., Thomas, M. B. & Takken, W. (2010). Relevant 
microclimate for determining the development rate of malaria 
mosquitoes and possible implications of climate change. Malaria Journal, 
9(1), 196.  

Paaijmans, K. P., Read, A. F. & Thomas, M. B. (2009). Understanding the link 
between malaria risk and climate. Proceedings of the National Academy of 
Sciences, 106(33), 13844 –13849. 

Pampana, E. (1969). A textbook of malaria eradication. Oxford University Press, 
London. 

Pankratz, A. (1991). Forecasting with dynamic regression models. Wiley Online 
Library. Retrieved from 
http://onlinelibrary.wiley.com/doi/10.1002/9781118150528.fmatter/su
mmary. 

Patz, J. A., Epstein, P. R., Burke, T. A. & Balbus, J. M. (1996). Global Climate 
Change and Emerging Infectious Diseases. The Journal of the American 
Medical Association, 275(3), 217 –223. 



© C
OPYRIG

HT U
PM

 
 

151 
 

Perkins, S. L. & Austin, C. C. (2009). Four new species of Plasmodium from New 
Guinea lizards: integrating morphology and molecules. Journal of 
Parasitology, 95(2), 424–433. 

Pierce, S. K. & Miller, L. H. (2009). World Malaria Day 2009: What Malaria 
Knows about the Immune System That Immunologists Still Do Not. The 

Journal of Immunology, 182(9), 5171 –5177. 

Poverty in Sub-Saharan Africa: The Situation in the OIC Member Countries. (2007). 
(p. 31). Ankara, Turkey: Statistical Economic and Social Research and 
Training Centre for Islamic Countries (SESRTCIC). Retrieved from 
http://www.sesrtcic.org. 

Rao, C. R., Miller, J. P. & Rao, D. C. (2008). Epidemiology and Medical Statistics. 
Handbook of Statistics (first ed., Vol. 27). Netherlands: Elsevier. 

Resh, V. H. & Cardé, R. T. (2009). Encyclopedia of Insects. Academic Press. 

Rosenberg, M. (2005). Population Density. About.com Geography. from 

http://geography.about.com/od/populationgeography/a/popdensity. 
tm. 

Rozendaal, J. A. (1997). Vector control: methods for use by individuals and 
communities. World Health Organization. 

Sachs, J. & Malaney, P. (2002). The economic and social burden of malaria. 
Nature, 415(6872), 680–685. 

Sallares, R. (2002). Malaria and Rome: a history of malaria in ancient Italy. Oxford 
University Press, USA. 

Sedaghat, M. M. & Harbach, R. E. (2005). An annotated checklist of the 
Anopheles mosquitoes (Diptera: Culicidae) in Iran. Journal of Vector 
Ecology, 30(2), 272. 

Sherman, I. W. (1998). A brief history of malaria and discovery of the parasite‟s 
life cycle. Malaria: parasite biology, pathogenesis, and protection, 3–10. 

Siska, P. P. & Hung, I. K. (2001). Assessment of kriging accuracy in the GIS 
environment. The 21st Annual ESRI International User Conference., San 
Diego, CA. 

Snow, J. (1855). On the mode of communication of cholera. John Churchill. 

Snow, R. W., Gouws, E., Omumbo, J. A., Rapuoda, B., Craig, M. H., Tanser, F. 
C., le Sueur, D. & Ouma, J. (1998). Models to predict the intensity of 



© C
OPYRIG

HT U
PM

 
 

152 
 

Plasmodium falciparum transmission: applications to the burden of 
disease in Kenya. Transactions of the Royal Society of Tropical Medicine and 
Hygiene, 92(6), 601–606. 

Somboon, P., Aramrattana, A., Lines, J. & Webber, R. (1998). Entomological and 
epidemiological investigations of malaria transmission in relation to 
population movements in forest areas of north-west Thailand. The 
Southeast Asian Journal of Tropical Medicine and Public Health, 29(1), 3-9. 

Stevenson, M., Stevens, K. B., Rogers, D. J. & Clements, A. C. A. (2008). Spatial 
Analysis in Epidemiology (1st ed.). Oxford University Press, USA. 

Stock, R. F. (2004). Africa South of the Sahara: a geographical interpretation. The 

Guilford Press. 

Stratton, L., O‟Neill, M. S., Kruk, M. E. & Bell, M. L. (2008). The persistent 
problem of malaria: Addressing the fundamental causes of a global 
killer. Social Science & Medicine, 67(5), 854–862. 

Thacker, S., Stroup, D., Parrish, R. & Anderson, H. (1996). Surveillance in 
environmental public health: issues, systems, and sources. American 
Journal of Public Health, 86(5), 633. 

Tian, L., Bi, Y., Ho, S. C., Liu, W., Liang, S., Goggins, W. B., Chan, E. Y., Zhou, S. 
& Sung, J. J. (2008). One-year delayed effect of fog on malaria 
transmission: a time-series analysis in the rain forest area of Mengla 
County, south-west China. Malaria Journal, 7(1), 110. 

Ulimwengu, J. & Badiane, O. (2011). Agricultural efficiency, malaria incidence 
and health expenses among Ugandan farmers. 2011 Annual Meeting, July 
24-26, 2011, Pittsburgh, Pennsylvania. 

UNDP. (1990). Human Development Report. Concept and Measurement of human 
development. New York. Retrieved from 
http://hdr.undp.org/en/reports/global/hdr1990/. 

UNDP. (2005). Human Development Report. International cooperation at a 
crossroads: Aid, trade and security in an unequal world. New York. 
Retrieved from http://hdr.undp.org/en/reports/global/hdr2005/. 

UNDP. (2011). Human Development Reports. Sustainability and Equity: A Better 
Future for All. New York. Retrieved from http://hdr.undp.org/en/. 



© C
OPYRIG

HT U
PM

 
 

153 
 

Van Der Hoek, Konradsen, F., Perera, D., Amerasinghe, P. H. & Amerasinghe, F. 
P. (1997). Correlation between rainfall and malaria in the dry zone of Sri 
Lanka. Annals of Tropical Medicine and Parasitology, 91(8), 945–949. 

Van Geertruyden, J. P., Thomas, F., Erhart, A. & D‟Alessandro, U. (2004). The 
Contribution of Malaria in Pregnancy to Perinatal Mortality. The 

American Journal of Tropical Medicine and Hygiene, 71(2 suppl), 35 –40. 

Wahba, G. (1983). Bayesian“ confidence intervals” for the cross-validated 
smoothing spline. Journal of the Royal Statistical Society. Series B 
(Methodological), 45(1), 133–150. 

Wangdi, K., Singhasivanon, P., Silawan, T., Lawpoolsri, S., White, N. J. & 
Kaewkungwal, J. (2010). Development of temporal modelling for 
forecasting and prediction of malaria infections using time-series and 
ARIMAX analyses: A case study in endemic districts of Bhutan. Malaria 
Journal, 9, 251. 

Warrell, D. & Gilles, H. (2002). Essential Malariology. Hodder Arnold. 

Warrick, A. & Myers, D. (1987). Optimization of sampling locations for 
variogram calculations. Water Resources Research, 23(3), 496–500. 

Wartenberg, D., Greenberg, M. & Lathrop, R. (1993). Identification and 
characterization of populations living near high-voltage transmission 
lines: a pilot study. Environmental Health Perspectives, 101(7), 626. 

Watkins, K. (2007). Human Development Report 2007/2008. Fighting climate change: 
Human solidarity in a divided world. Palgrave Macmillan, Houndmills, and 
New York NY. 

Wen, T. H., Lin, N. H., Lin, C. H., King, C. C. & Su, M. D. (2006). Spatial 
mapping of temporal risk characteristics to improve environmental 
health risk identification: a case study of a dengue epidemic in Taiwan. 
Science of the Total Environment, 367(2-3), 631–640. 

WHO. (2008). World Malaria Report 2008. Geneva. Retrieved from 
http://www.searo.who.int/linkfiles/reports_wmr_2008_final.pdf 

 WHO. (2011). World Malaria Report 2011. Geneva. Retrieved from 

http://www.who.int/malaria/world_malaria_report_2011/WMR2011_
noprofiles_lowres.pdf 

WHO. (2011). WHO: 10 facts on malaria. WHO. Retrieved from 
http://www.who.int/features/factfiles/malaria/en/index.html. 



© C
OPYRIG

HT U
PM

 
 

154 
 

WHO, Regional office for the Eastern Mediterranean. (2010). Malaria Control and 
Elimination. Cairo, Egypt. Retrieved from 
http://www.emro.who.int/rbm/CountryProfiles-sud.htm.  

Wikipedia contributors. (2012, July 3). Feature scaling. Wikipedia, the free 
encyclopedia. Wikimedia Foundation, Inc. Retrieved from 

http://en.wikipedia.org/w/index.php?title=Feature_scaling&oldid=49
8310289. 

Zadeh, L. A. (1965). Fuzzy sets*. Information and control, 8(3), 338–353. 

Zadeh, L. A. (1975). Fuzzy logic and approximate reasoning. Synthese, 30, 407–
428. 

Zhou, G., Minakawa, N., Githeko, A. K. & Yan, G. (2004). Association between 
climate variability and malaria epidemics in the East African highlands. 
Proceedings of the National Academy of Sciences of the United States of 
America, 101(8), 2375. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	FS 2012 82IR.pdf
	CLIMATOLOGICAL AND SOCIOECONOMIC FACTORS THAT PREDISPOSE TO THE RISK OF MALARIA IN SUDAN
	Abstract
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES




