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Abstract 

Malaria is the major public health problem in sub-Saharan Africa, including Ethiopia. Almost half of the Bale Zone's surface 

area is at risk for malaria. The objective of this study was to analyze the impact of climate variability on the malaria outbreak in 

Delomena District and recommend control and preventive measures. Meteorological variables (monthly total rainfall, average 

relative humidity, and mean maximum and minimum temperature) and malaria case data from 2013 to 2022 were used to analyze 

correlation and regression using SPSS 20v software. The results indicated that the monthly peak of malaria incidence in the 

Delomena district occurred in June (11 cases), 2021, a year after the main rainy season, while the lowest malaria incidence 

occurred in January (0 cases), following a short rainy season. Furthermore, the Spearman correlation analysis showed that 

monthly mean rainfall, relative humidity, and mean minimum temperature had a positive correlation with malaria occurrence but 

a negative correlation with mean maximum temperature. Also, the negative binomial regression model indicates that, by 1 mm 

and% increase, both monthly total rainfalls (0.9%) and average relative humidity (3%) at three- and two-month lagged effects 

were the most significant for malaria occurrence in the study area, respectively, but mean maximum temperature at zero-month 

lagged effect was negative. However, the mean minimum temperature has an insignificant effect on malaria incidence for all 

lags. The study concludes that malaria incidences in the last ten years seem to have a significant association and effect with 

meteorological variables. To reduce malaria outbreaks in the study area, local government and district health experts should 

promote early warning systems and climate-informed malaria control strategies. 
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1. Introduction 

Malaria is one of the world’s most important and compli-

cated public health issues, especially in tropical and subtropi-

cal nations, according to [1]. It is a chronic infectious disease 

caused by intracellular protozoan parasites from the Plasmodium 

genus. An estimated 608,000 people died from malaria world-

wide in 2022, with a mortality rate of 14.3 per 100,000 people at 

risk [2]. In 2023 the WHO (World Health Organization) reported 

263 million cases and 597,000 deaths worldwide, with Africa 

bearing 94% of cases and 95% of deaths [3]. The key contributors 

to the occurrence of malaria include environmental factors 

like rainfall, temperature, and relative humidity [4]. Further, 

immature stages of the mosquito in water take about 10 days 

at optimum temperature to become adults; thus, time duration 

is critical for predicting incidence of malaria. [5] noted that 
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the temperature of two habitats affects mosquito development, 

that is, water bodies for the development of immature stages 

and dwellings and resting places used by the adult mosquitoes 

after taking a blood meal. 

A malaria indicator survey of Ethiopia conducted in 2015 

reported that the national proportion of Plasmodium falcipa-

rum was 81.6% and the proportion of Plasmodium vivax was 

8.0%, while in the Oromia region, the proportions of Plasmo-

dium falciparum and Plasmodium vivax were 87.5% and 

12.5%, respectively. Earlier studies have shown that the prev-

alence and transmission of malaria are significantly influ-

enced by climatic factors; however, the effects of different cli-

matic factors differed by region. In Shuchon, China, monthly 

minimum temperature and precipitation were related to the in-

cidence of malaria, but in Anhui, precipitation had the strong-

est relation with incidence [6]. Other studies have shown sim-

ilar associations; a study conducted in hilly regions of India 

showed a higher positive correlation between monthly inci-

dence of malaria and monthly minimum temperature, mean 

temperature, and rainfall with a one-month lag effect [7]. This 

short-term effect contrasts with the well-established positive 

lagged effects of these climate variables on malaria transmis-

sion risk [8]. 

According to the study conducted in Vihiga County by sev-

eral researchers, falling rainfall levels, altering rainfall pat-

terns, and increasing temperature [9]. Inter-annual and inter-

decadal climate variability influences the epidemiology of 

vector-borne diseases directly, while temperature and rainfall 

have long been known to influence seasonal and inter-annual 

variability of malaria [10, 11]. The correlation coefficient for 

the association between monthly rainfall and monthly inci-

dence of malaria was found to be greater than for the associa-

tion between temperature and malaria incidence [12]. Relative 

humidity, which is indirectly affected by rainfall at a given 

temperature, is critical for the life cycle of mosquitoes. For 

successful transmission of malaria, the infected vector species 

should survive for at least one week [13]. If relative humidity 

is low, the infected vector species will die before the comple-

tion of sporogony (development of the malaria parasite in the 

mosquito). Environmental factors, including land cover [14], 

land use such as farming and deforestation [15], and altitude 

[16], have also been previously associated with malaria inci-

dence. 

The Bale zone has great geographical diversity; its topo-

graphic features range from the highest peak at Bale Mountain, 

4,288 meters above sea level, down to the lowland area, at 331 

meters. The topography of the majority of the districts (80%) in 

the Bale zone is located at an altitude below 2,000 meters above 

sea level, with 64% of the zonal landmass being lowlands, 22% 

midlands, and only 14% highlands [17]. Almost half of Bale 

zone's surface area is malaria endemic (altitude below 2,000 

meters above sea level), which means 46% of the population are 

at risk for malaria [18]. Malaria transmission in Delomena Dis-

trict, Bale Zone, Ethiopia, is highly sensitive to climate varia-

bility. Although district-specific studies are limited, evidence 

from the Bale Zone demonstrates that rainfall fluctuations, sea-

sonal temperature changes, and inter-annual climate variability 

strongly influence malaria outbreaks [19]. Peak malaria inci-

dence generally occurs following the main rainy season, when 

increased rainfall creates breeding sites for Anopheles mosqui-

toes, and favorable temperatures accelerate parasite develop-

ment [20, 21]. 

Studies on the Bale Zone and the broader Oromia Region 

confirm that irregular rainfall patterns, rather than total annual 

rainfall, and minimum temperature anomalies are critical pre-

dictors of malaria outbreaks [22]. Delomena District shares 

similar ecological and climatic characteristics with other Bale 

Zone districts, making these findings highly relevant. Under-

standing the impact of climate variability on malaria in Delo-

mena is essential for developing early warning systems and 

climate-informed malaria control strategies tailored to the dis-

trict’s specific conditions. 

2. Materials and Methods 

2.1. Study Site 

The study was carried out in the Delomena district of the 

Bale zone of the Oromia regional state, in southeast Ethiopia. 

Delomena is in the Bale zone of the Oromia state, 555 kilo-

meters south of Addis Abeba, the capital of Ethiopia, and 125 

kilometers from Robe town. It is located between 5°53' N and 

6°27' N latitudes and 39°15' E and 40°38' E longitudes and has 

an elevation range of 800 to 2000 m above sea level (Figure 

1). 

A total of 112,234 people live in the Delomena district, with 

53,615 men and 58,619 women (CSA, 2007). According to 

[23], the district is located in Ethiopia's south-eastern bimodal 

rain fall zones, with the main wet season lasting from early 

March to June and the brief wet season lasting from late Sep-

tember to November. January, February, July, August, and De-

cember are the region's five dry months. The mean annual 

rainfall is 966.8 mm, and the mean annual temperature is 

22.56°C. There are very few places of rocky, hilly terrain in 

the research area, which is mostly characterized by plain to-

pography [24]. The study plots are primarily located on level 

ground. In the upper altitudes, it is reddish brown clay, and in 

the lower altitudes, it tends to be red-orange sandy soil. Along 

streams and uneven hills, there are many rock outcrops. The 

majority of the local residents are Oromos. The primary 

sources of income for the rural community are livestock and 

subsistence farming, making mixed farming the dominant ag-

ricultural system in the Delomena district [25]. The three pri-

mary perennial cash crops are coffee, bananas, and papaya and 

the three main annual crops that farmers plant are teff, sor-

ghum, and maize. 
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Figure 1. Location map of the study area. 

2.2. Research Design 

In this study, Explanatory research methods were employed. 

Quantitative research approaches were used to achieve the 

study's objectives [26]. In this case, secondary meteorological 

variables (monthly total rainfall, average relative humidity, 

and mean maximum and minimum temperature) data from the 

Ethiopia Meteorology Institute (EMI) and malaria case data 

from the public health emergency management surveillance 

database of the Bale Zonal Health Office provided for the ten-

year period (2013–2022) were used to analyze the relationship 

between meteorological variables (monthly total rainfall, av-

erage relative humidity, and mean maximum and minimum 

temperature) and malaria cases. 

2.3. Data Analysis 

To analyze the data, inferential statistics are used to analyze 

the correlation between meteorological variables and malaria 

cases. The monthly malaria cases are taken as the dependent 

variables, while meteorological variables such as monthly to-

tal rainfall, average relative humidity, and mean maximum 

and minimum temperature are independent variables. Before 

analyzing the data, they were checked for completeness and 

consistency and then processed in the Microsoft Excel and 

SPSS V20 applications to generate relevant information. In 

order to determine the potential impact of lagged weather var-

iables on malaria occurrence, cross-correlation analysis was 

performed by Minitab 15 [27]. 

The generalized linear model (GLM) and negative binomial 

regression were used to analyze to what extent the independ-

ent variables (monthly total rainfall, average relative humidity, 

and mean maximum and minimum temperature) affected the 

malaria outbreak in the study area. Adjusted odds ratios with 

a 95% confidence interval were computed and those with a p-

value less than 0.05 were reported as significant factors. 

Data normality for linearity assumptions of the response 

variable was not fulfilled (Shapiro–Wilk test of normality, p 

≤ 0.0001). Logarithmic, inverse/reciprocal, Box-Cox, square 

root, and exponential techniques failed to meet the required 

assumptions; hence, a non-parametric correlation estimate 

(Spearman’s correlation coefficient) was applied. The Spear-

man’s correlation coefficient was used to estimate the relation-

ship between rainfalls (mm), relative humidity, mean maxi-

mum and minimum temperature (°C) with monthly malaria 

cases, and a bivariate, two-tailed analysis with 95% confidence 

intervals was applied [28]. Since the number of malaria cases 

was a count variable, it was assumed that it followed a Poisson 

distribution. 

However, the count data on the monthly malaria cases was 

over-dispersed, and the mean value was smaller than their var-

iance. Thus, instead of Poisson regression, a negative binomial 

regression model was employed to quantify the effects of cli-

mate parameters (monthly total rainfall, relative humidity, and 

mean maximum and minimum temperature) on malaria inci-

dence. Before fitting the model, all covariates were checked 

for multicollinearity using a Pearson correlation coefficient, 

and those variables showing multicollinearity were excluded 

from the final model. Finally, the results were summarized and 

presented using tables, graphs, etc. 

3. Results 

This section presents a detailed description of the relation-

ship between climate variables and malaria cases and the ef-

fect of climate variability on malaria outbreaks towards the 

climate variability in the study area. 
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3.1. Monthly and Seasonal Variation of Malaria 

Cases 

In the Bale zone, Delomenna district, malaria is one of the 

public health issues. The monthly peak of malaria incidence 

(11) in Delomena occurred in Jun, 2021, years after the main 

rainy season from March to Jun, because in this month there 

was a small increase of relative humidity (64.8%) after the 

main rainy season (Figure 2). Some other non-climatic factors, 

such as rivers and some other activities in those kebeles that 

increased the number of breeding sites of mosquitoes, might 

have contributed to the peak of malaria occurrence (Personal 

Observation). Meanwhile, January saw the lowest incidence 

of malaria (zero), following a brief rainy season that lasted 

from September to November. An increase in temperature 

would make it more difficult for parasites and vectors to sur-

vive during this dry month (January). This hypothesis indi-

cates that, for a given amount of moisture in air, an increase in 

temperature causes a decrease in relative humidity, which can 

limit Anopheles survival (Figure 2). During the past ten years 

there has been a malaria distribution shifting tendency across 

the three seasons. Following the main rainy season from Mid-

February to May, summer (Jun-September) saw the highest 

season of malaria cases; 95 (43%) were recorded. Bega (Oc-

tober to January), following a brief wet season, was the lowest 

season for malaria cases, with 59 cases, or 27% (Figure 2). 

 

Figure 2. Monthly and seasonal variation of malaria cases in Delomena District (2013-2022). 

3.2. Correlation Between Climate Variables and Malaria Cases 

3.2.1. Correlation Between Climate Variables and Malaria Cases for Lag0 

Table 1. Spear man's rank correlation coefficient for Lag0 in Delomena District. 

 Malaria Case Total RF (mm) Ave.RH (%) Tmax (°C) Tmin (°C) 

Malaria Case 1.000  

Totat RF (mm) 0.140 1.000    

Ave.RH (%) .480** .403** 1.000   

Tmax (°C) -.464** -.323** -.577** 1.000  

Tmin (°C) .228* .550** .350** -.351** 1.000 

** Correlation is significant at the 0.01 level (2-tailed) and * Correlation is significant at the 0.05 level (2-tailed). 

The Spearman's correlation analysis (Table 1) demonstrated 

a moderate and weakly positive significant association be-

tween monthly malaria cases with relative humidity (rs = 

0.480) and mean minimum temperature (rs = 0.228) for the 

lag 0 period. In contrast, there was a negative correlation be-

tween malaria incidence and mean maximum temperature (rs 

0
111

3
4
3
2
1
2

4

11
0
11

4
5

2

0
1
2

5

2

0
1
0
1

7
8

3
2
1

3

7

2

00
1
2
3

5

2

0

2
3
4

1
00

1
2
3
2
3
2

0
1
2
111

00
1

4
3

7

000

2

000
1

3
4

2

5

0

2
1
2

0

2

0
1
2

5

33
2

5

0000000

11

3

0
1
0

4

111
00

5

000

5
4

11
0

2

4

6

8

10

12

J
a
n

-1
3

M
a

y
-1

3

S
ep

-1
3

J
a
n

-1
4

M
a
y
-1

4

S
ep

-1
4

J
a
n

-1
5

M
a

y
-1

5

S
ep

-1
5

J
a
n

-1
6

M
a
y
-1

6

S
ep

-1
6

J
a
n

-1
7

M
a

y
-1

7

S
ep

-1
7

J
a
n

-1
8

M
a

y
-1

8

S
ep

-1
8

J
a
n

-1
9

M
a
y
-1

9

S
ep

-1
9

J
a
n

-2
0

M
a

y
-2

0

S
ep

-2
0

J
a
n

-2
1

M
a
y
-2

1

S
ep

-2
1

J
a
n

-2
2

M
a
y
-2

2

S
ep

-2
2

M
a
la

ri
a

 C
a
se

s

Months and Seasons

Monthly and Seasonal Var iation of Malar ia cases

Malar ia Case

https://www.sciencepg.com/journal/sdh


Science Discovery Health https://www.sciencepg.com/journal/sdh 

 

29 

= -0.464) (Table 1). Adult mosquitoes do not flourish at very 

low and high temperatures, which is the case in this region 

during the dry seasons. The correlation analysis revealed a 

non-significant direct association between rainfall (rs = 0.140, 

p > 0.01) and malaria cases for lag 0 (month of detection). 

3.2.2. Correlation Analysis Between Climate Variables and Malaria Cases for Lag1 

Table 2. Spear man's rank correlation coefficient for Lag1 in Delomena District. 

 Malaria Case Total RF (mm) Ave.RH (%) Tmax (°C) Tmin (°C) 

Malaria Case 1.000  

Totat RF (mm) .501** 1.000  

Ave.RH (%) .469** .392** 1.000  

Tmax (°C) -.323** -.318** -.575** 1.000  

Tmin (°C) .248** .541** .339** -.351** 1.000 

**. Correlation is significant at the 0.01 level (2-tailed). 

From Table 2, the correlations between rainfall (rs = 0.51), rela-

tive humidity (rs = 0.469), and minimum temperature (rs = 0.248) 

with malaria cases were positive, moderate, and weak at a 5% level 

of significance, respectively. Correlation analysis revealed a weak, 

significant negative association between the maximum tempera-

ture (rs = -0.323, p < 0.01) and monthly malaria cases during the 

lag1 period (Table 2). 

3.2.3. Correlation Analysis Between Climate Variables and Malaria Cases for Lag2 

Table 3. Spear man’s rank correlation coefficient for Lag2 in Delomena District. 

 Malaria Case Totat RF (mm) Ave.RH (%) Tmax (°C) Tmin (°C) 

Malaria case 1.000     

Totat RF (mm) .598** 1.000  

Ave.RH (%) .379** .350** 1.000  

Tmax (°C) -.206* -.257** -.601** 1.000  

Tmin (°C) .304** .552** .364** -.429** 1.000 

**. Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 

As shown in Table 3, the correlation of monthly total rain-

fall (r = 0.598), average relative humidity (r = 0.379), and 

mean minimum temperature (r = 0.304) with monthly malaria 

cases showed a positive moderate and weak correlation for 

most of the lag2 periods at a 5% significance level, respec-

tively, in the study area. Conversely, mean maximum temper-

ature (r = -0.206) showed a weak negative significant correla-

tion with monthly malaria cases for the lag 2 periods at a 5% 

significance level (Table 3). 

3.2.4. Correlation Analysis Between Climate 

Variables and Malaria Cases for Lag3 

Table 4 displays the correlation coefficients calculated for 

the lag3 periods at a 5% significance level; the monthly total 

rainfall (r = 0.563), average relative humidity (r = 0.257), and 

mean minimum temperature (r = 0.302), with monthly malaria 

cases, all showed a positive, moderate, and weak correlation 

in the study area. In contrast, the correlation analysis (Table 4) 

revealed a weak negative statistically significant association 
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between monthly malaria cases and mean maximum temperature (r = -0.222) during the lag3 period at a 5% significance level. 

Table 4. Spear man's rank correlation coefficient for Lag3 in Delomena District. 

 Malaria Case TotatRF (mm) Ave.RH (%) Tmax (°C) Tmin (°C) 

Malaria case 1.000     

Totat RF (mm) .563** 1.000  

Ave.RH (%) .257** .318** 1.000  

Tmax (°C) -.222* -.350** -.683** 1.000  

Tmin (°C) .302** .473** .288** -.446** 1.000 

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed). 

3.2.5. Correlation Analysis Between Climate 

Variables and Malaria Cases for Lag4 

According to the correlation analysis, there was a moderate 

and weak positive significant association between monthly ma-

laria cases with total monthly rainfall (rs = 0.437, p < 0.01) and 

mean minimum temperature (rs = 0.184, p < 0.05) during the lag 

4 period (Table 5). The correlation analysis (Table 5) revealed 

that relative humidity and mean maximum temperature had a 

non-significant relationship with the occurrence of malaria 

cases for lag 4 (month of detection). 

Table 5. Spear man's rank correlation coefficient for Lag4 in Delomena District. 

 Malaria Case Totat RF (mm) 
Ave. 

RH (%) 
Tmax (°C) Tmin (°C) 

Malaria case 1.000     

Totat RF (mm) .437** 1.000  

Ave.RH (%) 0.157 .288** 1.000  

Tmax (°C) 0.018 -.217* -.661** 1.000  

Tmin (°C) .184* .480** .311** -.439** 1.000 

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed). 

3.3. Effects of Climate Variables on Monthly Malaria Cases 

3.3.1. Effects of Climate Variables on Monthly Malaria Cases for Lag0 

Table 6. Effects of climate factors on malaria case for Lag0 in Delomena District. 

Parameter B Std. Error 

Hypothesis Test 

Exp (B) 

Wald Chi-Square Df Sig. 

(Intercept) 5.028 3.2044 2.462 1 .117 152.573 

TotatRF mm -.001 .0014 .739 1 .390 .999 
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Parameter B Std. Error 

Hypothesis Test 

Exp (B) 

Wald Chi-Square Df Sig. 

Ave.RH .022 .0114 3.785 1 .052 1.022 

Tmax°C -.209 .0804 6.760 1 .009 .811 

Tmin°C .035 .0863 .160 1 .689 1.035 

Dependent Variable: Malaria Case 

Table 6 displays the findings of a log-link negative binomial 

regression model that reveals that mean maximum tempera-

ture had a significant impact on malaria incidence for the lag0 

month (p < 0.05), while rainfall, relative humidity, and mean 

minimum temperature did not significantly affect malaria in-

cidence (p > 0.05) in months previous to detection. 

3.3.2. Effects of Climate Variables on Monthly Malaria Cases for Lag1 

Table 7. Effects of climate factors on malaria case for Lag1 in Delomena District. 

Parameter B Std. Error 

Hypothesis Test 

Exp (B) 

Wald Chi-Square Df Sig. 

(Intercept) 2.704 3.3350 .657 1 .417 14.942 

Totat R.Fmm .004 .0013 7.768 1 .005 1.004 

Ave. RH .026 .0124 4.242 1 .039 1.026 

Tmax°C -.107 .0829 1.672 1 .196 .898 

Tmin°C -.050 .0880 .324 1 .569 .951 

Dependent Variable: Malaria Case 

As shown in Table 7, both average mean maximum and 

minimum temperatures had no significant impact on malaria 

incidence for the lag1 months (p > 0.05), while monthly total 

rainfall and relative humidity had a positive effect on increas-

ing malaria cases for lag1 months prior to the detection (p < 

0.05). For the lag of 1 month to the detection periods, 1 mm 

of rainfall and 1% of relative humidity were related to 0.4% 

and 2.6% increases in malaria cases, respectively (Table 7). 

3.3.3. Effects of Climate Variables on Monthly Malaria Cases for Lag2 

Table 8. Effects of climate factors on malaria case for Lag2 in Delomena District. 

Parameter B Std. Error 

Hypothesis Test 

Exp (B) 

Wald Chi-Square Df Sig. 

(Intercept) -1.136 3.9997 .081 1 .776 .321 

Totat RF mm .007 .0018 14.308 1 .000 1.007 

Ave. RH .029 .0147 3.933 1 .047 1.030 

Tmax°C .005 .0943 .002 1 .961 1.005 
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Parameter B Std. Error 

Hypothesis Test 

Exp (B) 

Wald Chi-Square Df Sig. 

Tmin°C -.047 .1085 .188 1 .664 .954 

Dependent Variable: Malaria Case 

According to Table 8, the effects of both monthly total pre-

cipitation and average relative humidity are the main contrib-

utors to malaria incidence in the study area, but mean maxi-

mum and minimum temperatures did not significantly influ-

ence the prevalence of malaria for the second month (p > 0.05). 

According to the findings, 0.7% and 3% more malaria cases 

were seen for the 2 months prior to the detection period when 

monthly rainfall increased by 1 mm and relative humidity in-

creased by 1%, respectively. 

 

3.3.4. Effects of Climate Variables on Monthly 

Malaria Cases for Lag3 

According to Table 9, a negative binomial regression mod-

el's findings show that the association between monthly ma-

laria cases and only rainfall had a favorable impact on rising 

malaria incidence for a lag of 3 months before cases were de-

tected (p < 0.05). A 1 mm increase in rainfall was linked to 

0.9% more malaria cases for a lag period of three months be-

fore the detection. 

Table 9. Effects of climate factors on malaria cases for Lag3 in Delomena District. 

Parameter B Std. Error 

Hypothesis Test 

Exp (B) 

Wald Chi-Square Df Sig. 

(Intercept) -3.277 4.4926 .532 1 .466 .038 

TotatRFmm .009 .0024 13.009 1 .000 1.009 

Ave.RH .023 .0157 2.147 1 .143 1.023 

Tmax°C .081 .1033 .616 1 .433 1.084 

Tmin°C -.042 .1229 .115 1 .735 .959 

Dependent Variable: Malaria Case 

3.3.5. Effects of Climate Variables on Monthly 

Malaria Cases for Lag 4 

According to Table 10, only rainfall had a positive effect on ma-

laria cases for the 4 months prior to the detection (p < 0.05), and 

other climate variables did not significantly affect the incidence of 

malaria during lag4 (p > 0.05). A 1 mm increase in rainfall was 

associated with a 0.9% increase in malaria cases for a lag of 4 

months prior to the detection. 

Table 10. Effects of climate factors on malaria case for Lag4 in Delomena District. 

Parameter B Std. Error 

Hypothesis Test 

Exp (B) 

Wald Chi-Square Df Sig. 

(Intercept) -5.743 4.9414 1.351 1 .245 .003 

Totat RF mm .009 .0031 9.318 1 .002 1.009 
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Parameter B Std. Error 

Hypothesis Test 

Exp (B) 

Wald Chi-Square Df Sig. 

Ave. RH .026 .0165 2.519 1 .112 1.026 

Tmax°C .176 .1138 2.380 1 .123 1.192 

Tmin°C -.076 .1332 .324 1 .569 .927 

Dependent Variable: Malaria Case 

3.4. Trends of Monthly Total Malaria Cases 

with Meteorological Variables 

In Figure 3, the magnitude of rainfall was significantly cor-

related with the risk of the month’s malaria cases for all lag 

months, with the exception of lag zero (month of detection). 

In contrast, the magnitude of relative humidity was signifi-

cantly correlated with the risk of the month’s malaria cases for all 

lag periods, with the exception of lags 3 and 4 (months of detection). 

This shows that the incidence of the malaria epidemic in the study 

area was significantly influenced by rainfall and relative humidity. 

The month of April had the highest mean rainfall (249 mm), while 

January had the lowest rainfall amount (8.8 mm). The region re-

ceives rainfall throughout the year with double (bimodal) high rains 

from March to mid-June with short rains from September to No-

vember. December, January, February, July, and August are the re-

gion's five dry months (Figure 3). There is a low malaria outbreak 

from December to February. Because, during these periods, the 

region receives very low rainfall, with those months being dry. 

This leads to the drying up of the breeding sites of the mos-

quitoes, leading to the massive death of the parasite [29]. 

 

Figure 3. Trends of monthly total malaria cases with meteorological variables (2013-2022). 

4. Discussion 

This study analyzes the relationship between climate varia-

bles and malaria cases and the effect of climate variability on 

malaria outbreaks towards the climate variability. So, climate 

variability that impacts the incubation rate of Plasmodium and 

breeding activities of Anopheles is considered one of the im-

portant environmental contributors to malaria transmission 

dynamics [30]. For example, temperature rise is expected to 

increase transmission and prevalence of malaria by reducing 

the interval between mosquito blood meals, thus decreasing 

the time to produce new generations, and by shortening the 

incubation period of the parasite in the mosquitoes [31, 32]. 

Saprogenic cycles take about 9 to 10 days at a temperature of 

28°C, but temperatures higher than 30°C and below 16°C 

have a negative impact on parasite development, and also at 

temperatures between 16°C and 36°C, the daily survival rate 

is about 90% [33, 34]. At high temperatures (>31°C), vector 

survival decreases, and temperatures of 40°C will result in 

zero vector survival [35]. 

Different studies have associated malaria abundance with 

high rainfall [36]. However, there is insufficient data that links 

the relationship between the abundance of mosquitoes and 

high rain directly. This is because some mosquito strains, like 

Anopheles gambiae, can breed prolifically in temporary and 

turbid water bodies such as animal hoof prints and rain pud-

dles, which do not require high rainfall [37]. Conversely, some 

species prefer permanent water bodies. But the most important 

0

10

20

30

40

50

60

0.0

50.0

100.0

150.0

200.0

250.0

300.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

M
a

la
ri

a
 C

a
se

 M
o

n
th

ly

R
F

, 
R

H
 &

 T
m

ea
n

Months

Monthly total malar ia cases with meteorological var iables

RF Monthly Tmean Monthly RH Monthly Malar ia Case

https://www.sciencepg.com/journal/sdh


Science Discovery Health https://www.sciencepg.com/journal/sdh 

 

34 

factor to note is that both breeds of mosquito require an ade-

quate rainfall amount to be able to breed. Therefore, rainfall 

sufficiency and saturation deficiency affect mosquito survival 

[38]. Because of this, there is a good reason for using rainfall 

to evaluate the probable presence of vectors and the survival 

of malaria occurrence. Rainfall in tropical areas creates an op-

portunity for Anopheles mosquitoes to lay eggs, which can 

reach adulthood. Other environmental factors, such as land 

use change, have also been shown to be driving malaria pat-

terns across different spatio-temporal scales [39]. 

The result of this study revealed that the monthly peak of 

malaria incidence in the Delomena district occurred in June 

(11 cases), 2021, a year after the main rainy season, while the 

lowest malaria incidence occurred in January (0 cases), fol-

lowing a short rainy season. Furthermore, the Spearman cor-

relation analysis showed that monthly mean rainfall, relative 

humidity, and mean minimum temperature had a positive cor-

relation with malaria occurrence but a negative correlation 

with mean maximum temperature. The finding contradicts the 

findings in Shuchen Country, China, and the Highlands of 

Madagascar, which showed that all meteorological variables 

are positively correlated with malaria [40]. 

Correlation between malaria and climate varies with alti-

tudes. The correlation coefficient for the association between 

monthly malaria cases and some meteorological factors was 

greater than other meteorological factors. This indicates that 

one meteorological factor plays a greater role in malaria cases' 

occurrence or transmission than others, which coincides with 

the finding from Dehradun, Uttaranchal, India, a shush coun-

try [7]. The monthly total rainfall was the most significant fac-

tor that determines malaria occurrence in the study area after 

relative humidity. In line with this, the research done by [41], 

a study in Anhui Province, China, showed rainfall (rs = 0.48) 

had the highest relation with malaria incidence. However, the 

effect of rainfall on the transmission of malaria is very com-

plicated, varying with the circumstances of particular geo-

graphical regions and depending on the local habits of mos-

quitoes [42]. Rainfall may prove beneficial to mosquito breed-

ing if moderate, but it may destroy breeding sites and flush out 

the mosquito larvae when it is excessive [43]. 

This study indicates that total monthly rainfall was associ-

ated with the occurrence of malaria with a one-month lag ef-

fect. On the other hand, the correlation coefficients for the lin-

ear regression between the monthly maximum temperature 

and malaria cases were negative. This is important in the hot 

months, in which an increase in temperature would limit vec-

tor and parasite survival and therefore cause a decrease in ma-

laria transmission rates [12]. This finding contradicts the find-

ings in Shuchen Country, China, which concluded that an in-

crease in monthly maximum temperature should cause an in-

crease rather than a decrease in malaria rates [44]. This varia-

tion could be due to differences in local climatic conditions in 

China and the Delomena District. That is the large number of 

months in the Delomena District that are hotter than months 

in China; this makes sense in the hot months, in which an in-

crease in temperature would limit vector and parasite survival 

and therefore may cause a decrease in malaria transmission 

rate. 

The most likely explanation for the finding that increases in 

temperatures is correlated with a decrease in malaria cases is 

the significant autocorrelation between monthly temperatures 

[45]. This indicates that, for a given amount of moisture in air, 

an increase in temperature causes a decrease in relative hu-

midity, which can limit Anopheles survival [46]. The correla-

tion between maximum temperatures and rainfall may also 

lead to an explanation of the negative correlation coefficient 

between maximum temperature and malaria case occurrence 

[47]. The negative correlation between maximum temperature 

and rainfall in hotter months may decrease Anopheles breed-

ing or increase dryness, which may be a limiting factor for 

malaria transmission. Also, the negative binomial regression 

model indicates that, by 1 mm and% increase, both monthly 

total rainfalls (0.9%) and average relative humidity (3%) at 

three- and two-month lagged effects were the most significant 

for malaria occurrence in the study area, respectively, but 

mean maximum temperature at zero-month lagged effect was 

negative. Similar results were also found in Western Ethiopia; 

a negative correlation between maximum temperature and 

malaria incidence has also been noted [48]. However, the 

mean minimum temperature has an insignificant effect on ma-

laria incidence for all lags. 

In general, this research concludes by pointing up method-

ological difficulties and data availability gaps in proving a link 

between malaria trends and climatic variability. Predictive and 

connection models' accuracy is constrained by the quality and 

resolution of epidemiological and climate datasets. Interdisci-

plinary approaches are also required to better understand and 

address malaria dynamics because confounding factors, in-

cluding urbanization, behavioral patterns, socioeconomic po-

sition, and agricultural practices, complicate the association 

between climate variables and malaria incidence. 

This study did not take into consideration confounding var-

iables that could affect the incidence of malaria, such as ur-

banization, behavioral patterns, and socioeconomic status. Fu-

ture studies should consider more granular data, such as daily 

records, to capture the immediate effects of climate variability 

on malaria outbreaks. The secondary data used for the analysis 

was gathered retrospectively. Thus, additional variables that 

could act as confounders were not included in the data sources. 

Efforts can be made in the future to control relevant confound-

ers during the design or analysis stages by employing prospec-

tive studies. 

5. Conclusion 

This study was undertaken to analyze the relationship be-

tween climate variables with malaria cases and the effect of 

climate variability on malaria outbreaks towards the climate 
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variability in the Delomena district. The result of the study re-

vealed that during the last ten years (2013 to 2022), from all 

months, the highest monthly malaria case occurrence was ob-

served during June in 2021. According to correlation findings, 

monthly mean rainfall, relative humidity, and mean minimum 

temperature had a positive correlation with malaria cases but 

a negative correlation with mean maximum temperature. In 

this study, the correlation coefficient for the association be-

tween monthly total rainfall and relative humidity with 

monthly malaria cases was greater than other measured mete-

orological variables. Also, negative binomial regression 

model analysis showed that with increased cumulative effects 

of rainfall and relative humidity, the number of malaria cases 

significantly increased over the study area when considering 

other factors constant. These findings emphasized climate-in-

formed early warning systems and malaria control strategies. 

However, there is a need for further studies to develop an early 

malaria warning system based on the above climatic variables 

and other non-climatic factors that affect malaria outbreaks. 
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