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Abstract 
Background: Despite great efforts by the government to control malaria in 
Sudan, the disease is the most significant human disease and was widespread 
in North Kordofan State. Morbidity and mortality of the disease are increas-
ing in the State. Usually, the disease reached its peak after rainy season. This 
study aims to estimate the role of climate factors on malaria transmission 
dynamic by modeling the relationship between malaria cases and climatic va-
riables, such as rainfall, relative humidity, and temperature, in Kordofan State. 
Methods: We used Pearson correlation coefficient and an ordinary least 
square method to assess this relationship. Results: The results show that there 
are statistically significant associations between malaria cases and rainfall, 
relative humidity, and minimum temperature (P-value < 0.001). The regres-
sion analysis results suggest that the appropriate model for predicting malaria 
incidence includes malaria cases lagged by one month, maximum tempera-
ture, and minimum temperature. This model explained 72% of the variance 
in monthly malaria incidence. Conclusion: The results of this study suggest 
that climatic factors have potential use for malaria prediction in the State. 
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1. Background 

Malaria is caused by parasites of the genus of plasmodium and is transmitted 
through a bite of female anopheles mosquitoes [1]. Malaria is world’s most im-
portant vector-borne disease and is the leading cause of death among children 
under the age of five, a major cause of adult morbidity, and a major cause of loss 
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of working days due to illness. Pregnant women and children are the two groups 
most at risk for the disease. Malaria is endemic in the poorest countries in the 
world. There were 228 million clinical cases worldwide in 2018, and nearly 85% 
of these cases were in Africa and India [2]. Variation in climatic circumstances, 
such as temperature, rainfall patterns, and relative humidity, has a profound ef-
fect on the survival of mosquitoes and on the growth of malaria parasites in 
mosquitoes. Consequently, these climatic factors can also influence the trans-
mission of malaria [3] [4] along with public health services, insecticide usage, 
drug resistance rates, and human population movements [5]. Nutrition has also 
been shown to affect malaria transmission, especially in children and pregnant 
women [6] [7]. 

Several studies have shown the influence of variations in these climatic factors 
on malaria transmission. Associations between climate factors and the number 
of malaria cases have been reported recently in many areas in Africa [8] [9]. 
Conversely, some studies have reported that there is no significant association 
between climatic trends and the number of malaria cases in East Africa where 
cases of malaria increase every year [10]. Some studies found that only mini-
mum temperature affects malaria transmission [11]. Huang et al. found a posi-
tive effect of rainfall on malaria transmission [12] while Mabaso et al. suggested 
a combination of rainfall, minimum and maximum temperature affect malaria 
transmission [13]. 

Environmental changes such as deforestation and housing structure could also 
influence malaria transmission as they enhance mosquito breeding conditions 
[14]. Ye et al. found that environmental factors play in important role in distri-
bution, abundance, and survival of the malaria vector [15]. 

To develop a useful statistical model to help explain the relationship between 
malaria and climatic variables, several methods have been used in the literature. 
Riedel et al. used logistic regression to assess the relationship they between low 
altitude and high day and night land surface temperatures as the factors for high 
malaria transmission [16]. Zacarias and Andersson aggregated malaria accounts, 
in Mozambique, over a two-year period and used a Bayesian hierarchical model. 
Their findings suggest that the strength of the relationship between the number 
of malaria cases and selected climatic variables varied between consecutive years 
[17]. A study in Indonesia used geographically weighted regression and ordinary 
least squares (OLS) to model the association between the number of malaria 
cases and some environmental factors, such as the distance from forest and 
rainfall. The study found strong relationship between these variables and malaria 
cases [18]. Understanding the relationship between malaria transmission and 
environmental factors will help in achieving better malaria control. The aim of 
this study was to determine some linkage between the malaria transmission and 
climatic variables such as rainfall, relative humidity, and temperature, in Kordo-
fan State, West of Sudan. We analyze malaria cases using Pearson correlation 
coefficient and OLS method. 
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Malaria Transmission 

Malaria spreads after a mosquito becomes infected with the disease by biting an 
infected human. The infected mosquito then transmits the disease when it bites 
an uninfected human and the malaria parasites move to the liver. When a para-
site matures, it leaves the liver and infects the red blood cells [19]. Temperature 
is one of the climatic factors, known to play an important role in the develop-
ment of the parasite [20] [21] [22]. The transmission of malaria in Sudan is sea-
sonal, with the peak during autumn rainy season, depends on climatic condi-
tions which can powerfully affect the number and survival of mosquitoes [18]. 
Therefore, it is possible for malaria epidemic outbreaks to occur in areas with 
vulnerable populations having little or no immunity to malaria. In addition, un-
expected meteorological phenomenon and human activities affecting the envi-
ronment, such as, deforestation and agricultural irrigation could affect malaria 
transmission and lead to epidemic outbreaks [23]. The forecasting of the conse-
quences of climate change in malaria transmission is of great importance to 
achieving better malaria control and avoid epidemic outbreaks. The dynamic 
process of malaria transmission includes numerous interlinked variables, from 
uncontrollable environmental conditions to man-made natural disturbances 
[24]. In this paper we study the linkage of malaria transmission with climatic 
factors (temperature, relative humidity, and rainfall) in Kordofan State where 
most people are in extreme poverty. 

2. Materials and Methods 

2.1. Study Area 

This study was carried out in North Kordofan State, Sudan. This state lies in the 
central-western part of country at the northern edge of the savannah belt. The 
area of Kordofan is about 244.700 km2; with a population of 2,920,000 
representing approximately 7.5% of the total population Sudan. The State is di-
vided into 9 localities 45 units. El-Obeid is the capital of the state (see Figure 1). 
The economic structure based largely on agriculture, focusing on growing crops 
and livestock breeding. However, most of the population are living in poverty or 
far below reasonable standards of living as urban deprivation is widespread. 
Rainfall in the State is sporadic in occurrence with a rate between 150 mm in the 
north and 850 mm in the south of the State. There are recurrent droughts at va-
rying length and severity (e.g., 1968-1974; 1983-1985 and 1990-1991, 2000, 2003, 
and 2009). Abnormally heavy rains with damaging effects on the environment 
and economy of the State occurred in 1988, 1994, 1998, 2009, 2012, and 2015. 
The State is characterized by varied physical and cultural diversity, which have 
led to distinct resource and land use patterns. Broad localized ecological divi-
sions have been created because of unbalanced development leading to seriously 
negative impacts including regular malaria outbreaks. Forecasting for such out-
breaks could aid the State in the management of health problems. 
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Figure 1. The administration map of Sudan, Kordofan State in black color. 

2.2. Statistical Analysis of Data 

Data on monthly malaria cases from 2009 to 2018 were obtained from the Fed-
eral Ministry of Health, Sudan. Data on meteorological factors, namely, rainfall, 
relative humidity, and temperature were obtained from the Sudan Meteorologi-
cal Authority. The set of data that we collect were stored in an Excel workbook 
for statistical analysis and to generate the time series plot. We used SPSS soft-
ware for regression and correlation analyses. We modeled the influence of se-
lected climatic variables on the incidence of malaria by considering the number 
of malaria cases as independent variable, and temperature, relative humidity, 
and rainfall as explanatory variables. We performed the liner regression analysis 
using OLS methods. Further testing was done to determine how changes in cli-
matic variables were associated with changes in malaria cases. Pearson correla-
tion coefficient was used to evaluate this association. Variance inflation factor 
(VIF) was calculated for each independent variable to assess the correlation of 
each independent variable with the other variables (multicollinearity problem) 
in the model. Using VIF helped to identify the best regression model by remov-
ing or consolidation variables to capture their joint effect. The general rule of 
thumb is that VIFs between 5 and 10 indicate critical levels of multicollinearity 
where the coefficients are poorly estimated, while VIFs exceeding 10 are signs of 
serious multicollinearity requiring correction [25]. 

Mathematically, the general form of multiple regression is 

0 1 1 2 2 k k iY X X Xβ β β β= + + + + +                 (1) 
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for 1,2, ,i n=  , where 0β , 1β , kβ  are parameters of the model and i  de-
notes the error term (the deviation of the observation from linear relationship). 

The VIF for the jth predictor could be defined as follows: 

( )21 1j jVIF R= −                        (2) 

where 2
jR  is the coefficient of determination obtained by regressing the jth 

predictor on the remaining predictors. 
The variables we have in the regression model are: Yt, the number of malaria 

cases at time t; max (˚C), the maximum temperature; min (˚C), the minimum 
temperature; R.h (%), relative humidity; and rainfall (mm). We used a stepwise 
regression method to calculate all possible regression models using a set of our 
climatic variables. This method is used to determine which explanatory variables 
are relevant from a set of candidate explanatory variables. Then we chose the 
appropriate model which overcomes the multicollinearity problem (low VIFj) 
with a high value of R2. 

3. Results 

A total of 1,087,882 malaria cases were reported in North Kordofan during the 
study period 2009-2018. The average monthly number of malaria cases was 9066 
(range: 1244-26,549). The annual trend of total malaria cases is demonstrated in 
Figure 2. Generally, there was a rapid increase in malaria cases from 2012 to 
2018. However, the number of malaria cases decreased in the 2013, but markedly 
increases in 2014 before reaching its peak in 2018. 

Figure 3 presents the mean monthly malaria cases and seasonal variation in 
North Kordofan State during from 2009 to 2018. The occurrence of malaria is 
nearly continuous throughout the year with a maximum number of malaria cas-
es in rainy season (Jun-Sep). This seasonal trend of malaria suggests that autumn 
(Jun, July, August, September) is the most intense season of malaria infection. 
The lowest number of malaria cases was observed in winter (January, February, 
and March). 
 

 
Figure 2. Annual trends of total malaria cases in North Kordofan, 2009-2018. 
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Figure 4 presents the time series plot of malaria cases and climatic variables 
(maximum and minimum temperature, rainfall, and relative humidity) from 
2009 to 2018. The fluctuation in malaria cases with rainfall and relative humidity 
does exist. However, maximum and minimum temperature appears to be not as 
closely tied to malaria cases. 

Table 1 presents descriptive statistics of climatic factors during 2009-2018. 
The monthly mean maximum temperature ranged from as low as 24.8˚C in 2006 
to as high as 40.6˚C in 2011. The greatest amount of rainfall is 137.50 mm oc-
curred in Aug. 2010. 

Table 2 illustrates the results of the Spearman correlation coefficient analysis, 
which examines the relationship between climatic variables and malaria cases. 
The results show that there was a significant positive relationship between mala-
ria cases and minimum temperature, relative humidity, and monthly total rain-
fall (P-value < 0.001). There was no significant relationship between malaria 
cases and maximum temperature. To study the relevance lags of accumulated 
number of malaria cases, we shifted one month behind the monthly malaria cas-
es ( 1tY − ). The time shift revealed there is a significant serial correlation of the 
number of malaria cases (P-value < 0.001). 

The relationships between malaria and climatic variables were further checked 
by linear regression analyses. Multiple regression analysis was used to predict the 
number of malaria cases based on climatic factors. 

Table 3 contains the results of analysis of the multiple regression analysis. The 
coefficient of multiple determination in model 1 and model 2 are equal (R2 = 
0.72). The values for VIFs in the model 1 lower than 5 for all explanatory va-
riables while some VIFs for the model 2 are greater than 5. This result suggests 
that model 1 reduces multicollinearity between explanatory variables. Using 
these results, the model in Equation (1) can be solved to give the appropriate re-
gression model for predicting the number of malaria cases as follows: 

( ) ( )( ) ( )( )121410.48 0.51 977.55 max C 822.65 min Ct tY Y −= + ∗ − ∗ + ∗   

 

 
Figure 3. Mean monthly malaria cases and seasonal variation, 2009-2018. 
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The P-values for all independent variable were less than 0.0001, which sug-
gests that the three independent variables account for a significant part of the 
variation in tY . 

 

 
Figure 4. Annual climatic factors variation and malaria incidence, 2009-2018. 

 
Table 1. Descriptive statistics for climatic variables in North Kordofan State, 2009-2018. 

Variables Minimum Maximum Mean Std. Deviation 

Max (˚C) 24.80 40.60 34.66 3.54 

Min (˚C) 10.00 25.90 20.45 4.33 

R.h (%) 10.00 67.00 33.64 16.03 

Rainfall (mm) 0.00 137.50 22.34 35.29 

Max (˚C): Maximum temperature, Min (˚C): Minimum temperature (˚C); and R.h (%): Relative humidity 
(%). 

 
Table 2. Correlation between malaria cases and climatic variables in North Kordofan, 
2009-2019. 

Variables (Y0) (Yt − 1) 

(Y0) 1 0.644** 

(Yt − 1) 0.644** 1 

Max (˚C) 0.070 0.331** 

Min (˚C) 0.381** 0.544** 

R.h (%) 0.545** 0.505** 

Rainfall(mm) 0.517** 0.521** 

**Correlation is significant (r) at the 0.01 level (2-tailed, Y0: the number of malaria cases at the base month, 
Yt: the number of malaria cases at time (month) t, Max (˚C): Maximum temperature, Min (˚C): Minimum 
temperature (˚C); and R.h (%): Relative humidity (%). 
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Table 3. Multiple linear regression for monthly total malaria cases occurrence and cli-
matic variables, North Kordofan State during the period, 2009-2018. 

Model Variables B Beta P-Value 
Collinearity 

Statistics  
VIF 

Coefficient  
of multiple 

determination 
(R2) 

Model 1 

(Constant) 21,410.48  0000 1.51 

0.72 
(Yt − 1) 0.51 0.52 0.00 3.30 

Max (˚C) −977.55 −0.58 0.00 4.17 

Min (˚C) 822.65 0.59 0.00 1.51 

Model 2 

(Constant) 18,107.24  0.00  

0.72 

(Yt − 1) 0.50 0.50 0.00 1.64 

Max (˚C) −806.94 −0.48 0.00 5.10 

Min (˚C) 646.90 0.46 0.02 8.30 

R.h (%) 31.94 0.09 0.55 4.87 

Rainfall (mm) 3.41 0.02 0.87 3.77 

Yt: the number of malaria cases at time (month) t, Max (˚C): Maximum temperature, Min (˚C): Minimum 
temperature (˚C); and R.h (%): Relative humidity (%). 

4. Discussion 

This study investigated the influence of climatic factors on malaria parasite 
transmission, in North Kordofan State, Sudan. It is well known that the rela-
tionship between malaria outbreaks and climatic factors is indirect and complex. 
The climatic variability that affects mosquito vectors, malaria parasites, and in-
trinsic of malaria transmission dynamics contributes significantly to malaria 
transmission [26]. 

These results suggest that increased rainfall increases the number of malaria 
cases. This effect can be explained by the large amount of swamp water in the 
Kordofan State during an autumn season. The changes of temperature in the 
Kordofan justify the significant relationship between malaria and minimum 
temperature [27]. These results suggest that climatic factors have potential use 
for malaria prediction in the State. 

The significant serial correlation of the number of malaria cases (Table 2, r = 
0.644) indicates that the variable “the number of cases in this month” affects 
malaria transmission in next month. This means that malaria in any month 
could be a potential variable for malaria prediction and future outbreaks. Our 
results showed that monthly minimum temperatures were the strongest predic-
tor of malaria incidence, followed by relative humidity. The strong positive cor-
relation between total rainfall and relative humidity shown in our data (Table 2) 
support the local knowledge that in North Kordofan autumn season is the sea-
son of malaria. This finding agrees with other findings that the effect of rainfall 
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is more immediate in warmer temperatures [28]. 
Based on the coefficient of determination and VIF, the best regression model 

was the model with independent variables: malaria cases lagged by one month 
( 1tY − ), maximum temperature, and minimum temperature. This model had the 
best overall performance (R2 = 0.72) without multicollinearity problem (VIF < 
5). This model shows that 72% of the variation in the number of malaria cases is 
explained by a one-month lag of malaria cases, maximum temperature and 
minimum temperature. This result suggests that maximum temperature and 
minimum temperature affect the malaria transmission significantly. 

5. Conclusions 

In this paper, we model the influence of selected climatic variables on the inci-
dence of malaria in Kordofan State, Sudan. We employed correlation coefficient 
and regression analyses. Most of the malaria cases in the study area are reported 
to have occurred during rainy months compared to the dry season (Figure 3). 
The results revealed that the minimum temperature, relative humidity, and 
monthly total rainfall have an influence on malaria cases. These results suggest 
that the disturbances in climatic factors affect the transmission dynamics of ma-
laria. Further research should be undertaken at national scale based on envi-
ronmental and socio-economic factors in addition to consideration of vulnera-
bility to malaria. Modeling of theses remains to be the solution for the health 
problems in the State and help to reduce the risk of malaria outbreak in the 
country. 

For the government to reduce malaria transmission, the WHO goal of malaria 
control should be carried out through prevention interventions such as distribu-
tion of insecticide-treated nets, intermittent preventive treatment of malaria and 
Indoor residual spraying. 

There may be a limitation of this research that some bias of the prediction 
model as rainfall is significantly correlated with the number of malaria cases, but 
due to the multicollinearity problem of regression model, the best model is 
Model 2 in which rainfall is excluded. 
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