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ABSTRACT
This study examines the impact of climate change on the incidence of malaria in Zambia. The study focused on 
variations in prevalence influenced by climatic and environmental factors. This study adopted a retrospective 
comparative analytical approach utilizing 157 case records from each province. The survey investigated temperature, 
rainfall seasonal variations, and land use activities. The findings revealed a fluctuating trend in rainfall from 2010-
2020, with a significant association between malaria incidence and rainfall (p value=0.041). In 2019, southern 
provinces experienced the highest percentage of drought (64%), resulting in reduced malaria transmission due to 
unfavorable environmental conditions for mosquito larvae. Demographic data highlight an urban-rural divide, 
with Luapula Province exhibiting a greater number of malaria cases among children under five years of age 
compared with the Southern Zambia. These results emphasize the critical role of climate change and local factors 
in malaria transmission dynamics.
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INTRODUCTION

Climate change, characterized by shifts in global or regional climate 
patterns, has been attributed to increased atmospheric carbon 
dioxide from fossil fuel usage. This has led to various incremental 
health impacts over the past quarter-century. The resulting extreme 
weather events, such as floods, aridity, and heatwaves, directly affect 
human populations and indirectly contribute to unprecedented 
variations in disease patterns due to alterations in ecology and 
biotic systems [1].

Malaria, a pervasive parasitic disease, poses a substantial global 
health threat. Approximately 214 million cases and 438,000 
deaths were reported worldwide in 2015, with Africa being the 
predominant region affected. The World Health Organization 
(WHO) warns that climate change could lead to an additional 
quarter of a million deaths annually by 2030-2050. This is 
attributed to malnutrition, malaria, diarrheal diseases, and heat 
stress [2]. Climate change patterns have already impacted malaria 
transmission in sub-Saharan Africa, which has the highest malaria 
burden. Other regions at risk include the Mediterranean, Southeast 
Asia, the Western Pacific, and the Americas. Notably, the top 11 

countries contributing 85% of the global malaria burden, with the 
top six contributing more than 50%, are all located in sub-Saharan 
Africa [1].

Malaria is caused by five different parasites, with P. falciparum 
being the dominant species in Africa and accounting for the 
highest mortality worldwide [3]. The vector-borne nature of 
malaria underscores the significance of eco-environmental factors, 
including climate and landscape, in influencing both vector and 
parasite development and community exposure [4].

In Zambia, variations in malaria incidence persist across the 
country despite progress in some regions, such as the southern 
province. These variations are influenced by climate variables such 
as low altitude, high NDVI, and land surface temperature [5,6]. 
The challenges faced by Zambia in malaria control, including a 
reversal in efforts in 2009-2010 due to decreased donor funding, 
emphasize the interconnectedness of socioeconomic factors and 
climate-induced health impacts [7].

MATERIALS AND METHODS

This was a retrospective comparative study designed over 10 years 
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selected climatic variables [21]. Additionally, larval control, a 
key aspect of the integrated malaria control approach in the two 
provinces, involved environmental management and chemical use. 
Understanding the environmental characteristics influencing the 
larval activity of principal malaria vectors was emphasized in the 
context of larval control as part of a broader vector management 
program [22].

Data analysis

The section shows the association between malaria incidence 
and climatic variables. After the data were cleaned with Excel, 
the data were imported and analyzed using Stata version 14.0. 
In the bivariate analysis, logistic regression was used to assess the 
association between categorical variables and outcomes. Variables 
that were statistically significant at the 5% level. This study 
intends to compare and establish the effects of climatic change 
on malaria incidence rates over a ten-year period from  2010-
2020 in selected provinces of Luapula and southern provinces 
in Zambia. Furthermore, this chapter discusses the demographic 
characteristics of malaria incidence and how changes in climatic 
and environmental variables influence the incidence of malaria.

The Figure 1 below compares the different trends in the incidence 
of malaria between the two provinces. For the southern province, 
the incidence rate increased by 2013 and 2014 and then decreased 
after 2015 as shown in Figure 2. Thereafter, a sharp increase was 
recorded in 2019. In addition, only the increases observed for 
Luapula Province occurred in 2010 and 2016; since then, they 
appear to have decreased in the different years at all ages as shown 
in Figure 3.

in two provinces of Zambia. In this study, the patients were 
from Luapula Province, which has the highest incidence rate 
of malaria, while the control or comparison province was the 
southern province, which has the lowest incidence rate. The 
provinces were matched according to climatic variables to seasonal 
rainfall patterns, atmospheric air temperature, and man-made 
environmental activity. Therefore, this study will be conducted to 
determine the trends in malaria burden during the past 10 years 
at health centres in Luapula and southern provinces. The study 
population for the study included all individuals with suspected 
malaria who had visited the health centres for the first time from 
January 2010 to December 2020.

Data extraction

This comprehensive retrospective record review, spanning the 
years 2010-2020  employed diverse parameters, including the 
date of examination and the total number of clinically treated 
and confirmed malaria cases on a monthly and yearly basis [8]. 
The data collection involved interactions with municipal councils 
in each district, ensuring validation through observation [9]. 
The epidemiological data, crucially focusing on confirmed cases, 
were sourced from Zambia's Ministry of Health (MoH) via the 
National Malaria Elimination Centre (NMEC), emphasizing the 
reliance on laboratory diagnostic tests or Rapid Diagnostic Test 
(RDT) results since 2010 [10]. Acknowledging the impact of local 
environmental factors on vector abundance and the significance 
of incident malaria cases in identifying residual transmission, 
environmental variables were obtained from satellite-based 
imagery datasets [11]. Climatic variables, particularly daily 
precipitation data and temperature variations, were acquired 
from the Zambia Meteorological Agency. The choice of primary 
climate variables, temperature and rainfall, was guided by a robust 
body of literature demonstrating their substantial influence on 
both short- and long-term changes in malaria transmission [12-
16].

Data collection

The data collected for this study were entered into the Microsoft 
Office Excel Worksheet 2010 and analyzed using STATA version 
14 [17]. Descriptive statistics were used to calculate overall malaria 
incidence and trends in malaria transmission, with graphs 
generated to illustrate these trends over the ten-year study period 
[18]. Parametric and nonparametric statistical analyses were used 
to detect trends in climatic variables and determine the effects 
of climatic and sociodemographic factors on age-specific malaria 
incidence and control interventions [19]. Linear regression tests 
were implemented to explore trends and changes in trends and to 
regress malaria against environmental and intervention variables. 
This study specifically investigated the potential role of climate 
variables in malaria transmission dynamics at the subnational 
district level in Zambia from  2010-2020 [20]. Linear regression 
was also performed to assess the significance of malaria incidence 
trends over time, correlating malaria incidence rates with climatic 
variables such as temperature and rainfall. The land surface 
temperature, measured as the mean minimum, mean maximum, 
and mean average temperature for each month, was considered 
in this analysis. Pearson correlation coefficients were calculated 
to determine the association between malaria incidence and the 

Figure 1: Relationship of malaria incidence rates.

Figure 2: Percentage of drought in southern provinces. Note: 
Percentage drought area: ( ): Drought (0~35); ( ): Servere (0~25); 
( ): Extreme (0~15); ( ): Exceptional (0~5).
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patterns, which has led to fluctuations over the years in Luapula 
Province. These fluctuations may be attributed to changing 
climate conditions, which affect malaria dynamics.

The effects of climate change on the malaria incidence rate 
in relation to rainfall and temperature variation patterns 
in Zambia over a ten-year period beginning in 2010

Luapula province: The results of the Pearson correlation test 
revealed a strong positive (0.043) correlation between the malaria 
incidence rate and maximum temperature. There was also a 
positive correlation (0.152) between the malaria incidence rate and 
minimum temperature. Similarly, there was a negative correlation 
(-0.623) between the malaria incidence rate and daily precipitation 
(mm) corrected between 2010 and 2020. Furthermore, analysis 
also indicated that there was a strong association between the 
malaria incidence rate and daily precipitation corrected between 
2010 and 2020, with a p value of 0.041, which was statistically 
significant at 0.05. The data analysis also revealed a negative 
(-0.608) correlation between the malaria incidence rate and 
annual rainfall. The Pearson correlation coefficient also revealed a 
strong association between the malaria incidence rate and annual 
rainfall, with a p value of 0.047 indicating statistical significance 
at 0.05.

Studies, such as those conducted by Ashton, have also highlighted 
the positive relationship between temperature and malaria 
incidence [21,22]. Increasing temperatures can extend the 
geographical range of malaria vectors and accelerate the spread 
of the malaria parasite within mosquitoes, potentially leading to 
increased malaria transmission. The inverse relationship between 
malaria incidence and daily precipitation has been documented 
in previous studies, emphasizing the role of water availability in 
creating suitable breeding habitats for mosquito vectors. Reduced 
precipitation can lead to the creation of stagnant water bodies 
that are ideal for mosquito larvae to thrive [3]. The strong 
association between malaria incidence and annual rainfall, as 
indicated by the significant p value, underlines the importance 
of understanding long-term precipitation patterns in malaria-
endemic regions. Such patterns can provide insights into the 
likelihood of malaria outbreaks, especially in areas where rainfall 
is a key driver of mosquito breeding, as supported by research 
on climate and malaria transmission dynamics [1,21]. As a result, 
this study further revealed a high fluctuating trend in rainfall that 
was recorded from 2010-2020, with a 1058.0 mm mean annual 
rainfall, and the maximum total rainfall was observed in 2017 
(1434.4 mm), while the minimum rainfall was observed in 2016 
(801.6 mm). The results obtained showed an association between 
monthly malaria cases and the climatic/meteorological variables 
temperature and rainfall [23,24].

The results of the averaged VHI for Luapula Province showed 
that there was a positive correlation between land and vegetation. 
Furthermore, the data showed that there was a fluctuating trend 
in vegetation availability over the 10-year period, as shown in 
Figure 4.

RESULTS AND DISCUSSION

The study conducted in Luapula and southern provinces of 
Zambia over a ten-year period from  2010-2020 sheds light on 
the intricate relationships among climate change, environmental 
factors, and malaria incidence. In Luapula Province, a positive 
correlation was observed between malaria incidence rates and 
maximum and minimum temperatures as shown in Tables 1,2. 
This positive association reflects the broader trend of climate 
change, with rising temperatures potentially facilitating the spread 
of malaria [22]. Furthermore, the negative correlation between 
malaria incidence and daily precipitation indicates that reduced 
rainfall is linked to increased malaria incidence. This aligns with 
the adverse effects of climate change, which include decreased 
precipitation and its impact on malaria transmission [2]. This 
study also highlights the influence of climate change on rainfall 

Figure 3: Drought Luapula percentage. Note: Percentage 
drought area: ( ): Drought (0~35); ( ): Servere (0~25); ( ): 
Extreme (0~15); ( ): Exceptional (0~5).

Figure 4: Average VHI of Luapula Province. Note: ( ): 
Cropland; ( ): y=1.4585x+-2895.6123; ( ): Land; ( ): 
y=1.1871x+-2348.2036; ( ): Max; ( ): Min; ( ): Mean.

Table 1: Environmental human activities influences climate change and the malaria incidence rates in Mansa district of Luapula province of Zambia.

Autocorrelation among Meteorological factors in Mansa district of Luapula province

Variables RH at 2 m
Maximum 

temperature
Minimum 

temperature
Mean temperature

Minimum  
precipitation

Annual rainfall

RH at 2 m 1 -0.524 -0.561 0.139 -0.657* 0.657*

Max temperature -0.524 1 -0.007 0.598 -0.679* -0.667*

Min temperature -0.561 -0.007 1 -0.806** 0.093 0.077

Mean temperature 0.139 0.598 -0.806** 1 -0.477 -0.456
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incidence of floods recorded in Luapula Province and a high 
incidence of droughts in the southern province of Zambia as 
of 2020. The results of the averaged VHI for Luapula Province 
showed that there was a positive correlation between land and 
vegetation. 

Furthermore, the data showed that there was a fluctuating trend in 
vegetation availability over the ten-year period. However, Luapula 
Province is more prone to harboring larvae for mosquitoes with 
favorable or suitable environmental conditions for survival, 
whereas in the southern province, the high number of droughts 
recorded has impacted the vegetation health index, leading to 
harsh environmental conditions for the survival and harboring 
of mosquito larvae.

According to the data generated, the Vegetable Health Index for 
the yearly percentage of drought area for the province showed that 
in 2019, the southern province had the highest (64%) percentage 
of drought recorded during a ten-year period. In Luapula Province, 
the highest percentage recorded was 31% of the yearly percentage 
of drought area for the province, and drought was recorded in 
2012.

Similarly, collected weekly malaria data from  2011-2013 and 
used the Normalized Difference Vegetation Index (NDVI), night 
surface temperature, rainfall, and night dew point to model 
health facility-level malaria transmission within the southern 
province. Their results revealed a significant association with 
environmental variables (dewing point, temperature, and NDVI) 
across low, moderate, and high transmission zones [24]. 

This study is important because of its contribution to the growing 
body of knowledge linking climate change, environmental 
conditions, and malaria transmission. By elucidating the distinct 
climate-related challenges faced by different regions within 
Zambia, this research provides critical insights for malaria control 
and adaptation strategies. Recognizing the impact of floods, 
droughts, and vegetation health on mosquito breeding and 
malaria transmission is vital for tailoring interventions to specific 
local conditions and effectively combating this disease in the 
context of a changing climate.

Southern province: The Pearson correlation coefficient was 
calculated to determine the relationship between malaria incidence 
rates and meteorological/climatic factors. The results revealed that 
there was a negative correlation between the relative maximum 
temperature (-0.263) and minimum temperature (-0.276). On the 
other hand, there was a positive correlation (0.084) between the 
mean temperature and malaria incidence rate. There was also a 
strong positive correlation between malaria incidence rates and 
rainfall. The results from the Pearson correlation test between 
malaria incidence rates and daily precipitation corrected (mm/
day) from 2010-2020 revealed that there was a positive correlation 
between malaria incidence rates and daily precipitation corrected 
(mm/day). Additionally, there was no statistically significant 
association between the Malaria incidence rate and minimum 
rainfall (mm/day), with a p value of 0.719 indicating a significant 
difference of 0.05.

This negative relationship indicates that as temperatures increase, 
the incidence of malaria tends to decrease. These findings are 
consistent with those of several previous studies, which have 
shown that extreme heat can negatively impact mosquito survival 
and reduce malaria transmission [25]. These findings contribute 
to the growing body of research investigating the links between 
meteorological and climatic factors and malaria incidence. These 
results reinforce the importance of considering these factors 
in malaria control strategies and adapting interventions to the 
specific weather conditions of different regions. Understanding 
the complex relationships between temperature and rainfall 
variables and malaria transmission is critical in developing effective 
and targeted measures for combating this disease, particularly in 
the face of climate change. The significance of these findings lies 
in their potential to inform evidence-based strategies for malaria 
prevention and control.

The role of climate change in the observed increase or 
decrease in Malaria in Zambia over a ten-year period from 
2010-2020

The data analysis in this study revealed that there was a higher 

Min precipitation 0.657* -0.679* 0.093 -0.477 1 0.998**

Annual rainfall 0.657* -0.667* 0.077 -0.456 0.998** 1

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

Table 2: Environmental human activities influences climate change and the malaria incidence rates in Monze district of Southern province of Zambia.

Autocorrelation among  Meteorological factors in Monze district of Southern province

Variables RH at 2 m
Maximum 

temperature
Minimum 

temperature
Mean temperature

Minimum  
precipitation

Annual rainfall

RH at 2 m 1 -0.14 0.322 -0.339 0.813** 0.778**

Max temperature -0.14 1 -0.049 0.58 -0.147 -0.212

Min temperature 0.322 -0.049 1 -0.842** -0.004 -0.024

Mean temperature -0.339 0.58 -0.842** 1 -0.077 -0.096

Min precipitation 0.813** -0.147 -0.004 -0.077 1 0.993**

Annual rainfall 0.778** -0.212 -0.024 -0.096 0.993** 1

Note: **: Correlation is significant at the 0.01 level (2-tailed).
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Role of environmental land use combined with climate 
change in the observed increase or decrease in Malaria 
incidence over a ten-year period from 2010-2020 in Zambia

The study revealed that in 2010, the southern province had 
216 kha of tree cover, extending over 2.5% of its land area. In 
2021, 1.96 kha of tree cover was lost, equivalent to 564 kt of 
CO

2
 emissions. In 2010, Luapula had 2.13 Mha of tree cover, 

extending over 43% of its land area. In 2021, 20.6 kha of tree 
cover was lost, equivalent to 7.81 Mt of CO

2
 emissions.

Furthermore, data obtained from ZamStats reveal that in Luapula 
Province, 194,520 people live in urban areas, while the majority 
of the population (797,407) lives in rural areas. In the southern 
province, 392,175 people live in urban areas, and 1,197,751 
people (majority) live in rural areas.

As of 2020, many settlements in Luapula Province have an 
estimated population density of 20 per km2; the total area of the 
province is 50,567 km2 and characterized by its rural nature. In 
2010, the total area of the southern province was 85,283 km2, and 
the population density was 18.60 per km2 [21]. These data imply 
that Luapula Province has a large surface area and vegetation that 
provide suitable conditions for mosquito larvae to survive, and 
the majority of the population lives in rural areas of the province 
and has more exposure to mosquito bites, as these areas have 
good VHIs that are between 40 and 60 over a ten-year period.

However, in the southern province, there is a poor vegetation 
health index with high records of droughts due to urban 
settlements and high cases of deforestation, which have led to 
poor environmental conditions that have affected the survival of 
mosquito larvae in these areas.

Furthermore, an example of a district-wide study was conducted 
in the Nchelenge district in Luapula Province using household-
level cross-sectional surveys conducted every two months between 
2012 and 2015 [25].

CONCLUSION

A study was conducted in Luapula and the southern provinces 
of Zambia from 2010-2020 highlights the intricate relationships 
among climate change, environmental factors, and malaria 
incidence. The findings revealed a positive correlation 
between malaria incidence rates and maximum and minimum 
temperatures, reflecting the broader trend of climate change. 
Additionally, a negative correlation was observed between 
malaria incidence and daily precipitation, indicating that reduced 
rainfall is linked to increased malaria incidence. This study also 
emphasized the influence of climate change on rainfall patterns, 
which has led to fluctuations over the years in Luapula Province.

The results further revealed that there was a strong association 
between the malaria incidence rate and annual rainfall, 
highlighting the importance of understanding long-term 
precipitation patterns in malaria-endemic regions. These findings 
support previous research showing a positive relationship between 
temperature and malaria incidence, as rising temperatures can 
facilitate the spread of this disease. The inverse relationship 
between malaria incidence and daily precipitation is also 
consistent with the findings of previous studies, emphasizing the 
role of water availability in mosquito breeding habitats.

The study's significance lies in its potential to inform evidence-
based strategies for malaria prevention and control. By 
considering meteorological and climatic factors, interventions 

can be tailored to specific weather conditions, allowing for more 
effective measures against malaria transmission. Furthermore, the 
study highlights the impacts of floods, droughts, and vegetation 
health on mosquito breeding and malaria transmission, providing 
insights for adaptation strategies in the face of climate change.

Overall, this research contributes to the growing body of 
knowledge on the complex relationships among climate change, 
environmental conditions, and malaria transmission. These 
findings underscore the need for proactive measures to address 
these factors in malaria control efforts.
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