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Abstract

Even though it affects many, malaria still causes major health issues in Ethiopia - especially in Argoba Woreda, where nature
plays a big role in how the disease spreads. Instead of relying only on traditional methods, this work uses satellite images and
digital mapping tools to spot places more likely to have outbreaks. Elevation matters a lot; lowland villages including Gobera
and Chomiye see far more sickness compared to spots up high. Temperature patterns, land shape, closeness to rivers or lakes,
rain levels, and greenness of plants help show which zones face greater danger. Rather than using one source alone, the analysis
combines interviews with local workers, household feedback, official records, and space-based observations. Areas sitting higher
places such as Amoye Serte and Kilkilo tend to stay safer because conditions there slow down infection cycles. While some
communities struggle year after year, others remain relatively untouched thanks to their surroundings. High up places shaped
where malaria spread most, making up 37 percent of the danger - temperature came next at 25 percent. More than seven out of
ten parts of the woreda landed in risky or extremely risky categories, once the layers were weighed together. Where greenness
dropped, malaria risk climbed sharply, showing how closely they move opposite each other across space. Mapping these patterns
helps fit prevention work to actual ground conditions, using location data wisely. That final picture of risk isn’t just lines on a
screen - it guides real choices in villages needing focused health efforts.
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1. Background

Despite the development of new antimalarials and vector Ethiopia is one of the malaria endemic countries severely af-
control interventions, malaria is still one of the most important ~ fected by recurrent outbreaks due to conducive environmental
global mosquito-borne infectious diseases, especially in sub-  and climatic conditions [3]. The Ethiopian population lives in
Saharan Africa [1]. Globally, there were around 249 million malaria risk areas mainly below 2000 meters above sea level,
cases of malaria in 2022. The WHO African Region was the  representing about 68% of the population [4].
most affected, accounting for around 94% of all cases [2]. Transmission of malaria in Ethiopia varies spatially and
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temporally as a result of differences in altitude, rainfall, tem-
perature, land cover and human activities [5]. The Amhara Re-
gion is among the most malaria burdened regions of the coun-
try [6]. This region is characterized by low altitude, high tem-
perature and low rainfall. Malaria transmission is unstable and
seasonal [7]. Argoba Woreda is found in this region. The en-
tire woreda is malarious, with all population groups at risk of
infection, according to the Argoba Woreda Health Department
[8].

Environmental conditions that affect the breeding and sur-
vival of Anopheles mosquitoes have a great impact on the
transmission of malaria [9]. The main variables that determine
the risk of malaria are temperature, rainfall, elevation, vegeta-
tion cover and distance to water bodies [10]. Recent studies
have shown that climate variability and ecological changes are
leading to an increase in malaria transmission in historically
low-risk areas [11].

GIS and RS technologies have advanced in ways that pro-
vide effective tools to analyze and map malaria risk areas [12].
These geospatial techniques enable the integration of environ-
mental and spatial data to identify high-risk areas, and to fa-
cilitate evidence-based strategies for malaria prevention and
control [13]. However, despite the increasing importance of
spatial analysis, few studies have been conducted in Argoba

Woreda to delineate malaria risk areas using GIS and RS tech-
niques.

This study, therefore, intends to map malaria risk areas in
Argoba Woreda by analyzing environmental factors associ-
ated with malaria transmission using GIS and Remote Sensing
techniques. The study also seeks to identify malaria-prone
kebeles and develop a malaria risk map that can aid in targeted
intervention and public health planning.

2. Materials and Methods

2.1. Description of the Study Area

Argoba Special Woreda is one of the woredas in the Am-
hara Region of Ethiopia. The woreda is located around 566
km from the region’s capital, Bahir Dar and 399 km from the
country’s capital, Addis Ababa. In terms of geography, the
woreda is located between 10°01'00” to 10°50’00” N latitude
and 39°51'30" to 40°02'00" E longitude. It is bordered by Oro-
mia Special Zone in the north, Dewa Harewa Woreda in the
south, Kalu Woreda in the west and Afar Regional State in the
east [14].
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Figure 1. Location map of the study.
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2.2. Research Design and Approach

In order to evaluate malaria risk areas in Argoba Woreda,
this study used a sequential mixed-methods research design
that used quantitative and qualitative techniques. In order to
produce thorough and trustworthy results, the mixed-methods
approach allowed for the combination of geographical analy-
sis, environmental assessment, field observation, and expert
consultation. While qualitative methods assisted data valida-
tion and interpretation through field observation and discus-
sions with local authorities and health professionals, quantita-
tive techniques were primarily used in GIS and remote sensing
studies.

2.3. Data Types and Sources

The study's goals were accomplished by using both primary
and secondary data sources. Field observations, GPS point
collecting, satellite imagery interpretation, and discussions
with regional environmental specialists and health officials
were all used to gather primary data. Both published and un-
published items, including books, journals, papers, articles,
and websites, provided secondary data. The Argoba Woreda
Health Office provided Annual Parasite Incidence (API) sta-
tistics and malaria case data.

Elevation data from the Shuttle Radar Topography Mission
(SRTM), rainfall data from the Climate Hazards Group Infra-
Red Precipitation with Station data (CHIRPS), and tempera-
ture data from the CliWorld global climate dataset were
among the environmental datasets used in the study. While
NDVI values were obtained from MODIS satellite photog-
raphy to assess vegetation conditions. Hydrographic layers
and digital base maps were used in ArcGIS software to create
proximity to water bodies.

2.4. Sampling Technique and Target Population

To choose representative kebeles within Argoba Woreda
based on differences in malaria incidence and environmental
circumstances, a purposive sampling technique was used. To
represent the regional diversity in malaria transmission, both
high-risk and low-risk kebeles were included. The selection
criterion took into account elements including proximity to
water bodies, vegetation cover, elevation variations, and An-
nual Parasite Incidence (API).

Residents in malaria-prone kebeles, health authorities en-
gaged in malaria prevention and control initiatives, and envi-
ronmental specialists with expertise in disease ecology and en-
vironmental health comprised the study's target group. Envi-
ronmental specialists helped assess ecological aspects linked
to malaria transmission, while health officers and epidemiol-
ogists provided crucial information on malaria trends and con-
trol strategies.
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2.5. Data Processing and Analysis Techniques

The spatial distribution of malaria incidence within the re-
search area was investigated using descriptive spatial analysis.
The primary measure of the malaria burden at the kebele level
was the Annual Parasite Incidence (API) per 1,000 people.
Malaria distribution maps and disease concentration patterns
were created using Inverse Distance Weighting (IDW) inter-
polation techniques.

The association between malaria incidence and environ-
mental variables such elevation, temperature, rainfall, slope,
and proximity to water bodies was examined using geostatis-
tical analysis approaches, including zonal statistics. To ascer-
tain the direction and intensity of correlations between envi-
ronmental factors and malaria incidence, Pearson correlation
analysis was performed.

A malaria risk map for the research area was created by in-
tegrating the main environmental factors that contribute to
malaria transmission using a GIS-based weighted overlay
analysis. Based on expert assessment and their relative impact
to the incidence of malaria, environmental factors were given
weights. The study region was divided into various malaria
risk zones, ranging from very low to very high-risk categories,
according to the final malaria risk map.

2.6. NDVI Analysis

Analysis of the Normalized Difference Vegetation Index
(NDVI) was done to evaluate the link between malaria trans-

mission and vegetation cover. The formula was used to calcu-
NIR—Red

NIR+Red
where Red stands for the electromagnetic spectrum's red

band and NIR for the near-infrared band. In order to determine
regions that are conducive to mosquito breeding and malaria
transmission, the NDVI values were divided into several plant
density classes and subjected to GIS analysis.

late NDVI values from satellite images: NDVI =

2.7. Software Packages and Tools

The study made use of a number of tools and software pro-
grams. Spatial analysis, GIS modeling, map production, and ma-
laria risk mapping all benefited greatly from ArcGIS software.
For statistical analysis, data organization, chart production, and
correlation analysis, Microsoft Excel was utilized. During ground
verification and accuracy assessment, field reference points were
gathered using Garmin GPS 16 receivers with an accuracy of
about three meters. Throughout the study process, EndNote X9
software was also used to handle citations and references.

2.8. Methodological Flow Chart of the Study

The study's overall methodological flowchart is depicted in
the given picture (Figure 2).
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3. Results

3.1. Evaluation of Environmental Factors for

Figure 2. Methodological Flowchart of the study.

Detecting Malaria Hazard Levels

49 per 1,000 people, respectively, Gobera and Chomiye had
the highest rates of malaria. In contrast, lower API values of
about 10 per 1,000 people were found in Kilkilo and Amoye
Serte, which are situated at comparatively higher elevations.

These results show that altitude protects against the spread of

malaria and provided a crucial foundation for the study's en-
vironmental variable selection and weighting.

The results showed that lowland kebeles have a high con-
centration of malaria cases. With mean API values of 62 and
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Figure 3. Inverse Distance Weight (IDW) map of malaria case report per 1000 population.

five malaria hazard groups based on peer review and spatial
3.2. Elevation analysis: very high (1,062-1,500 m), high (1,500-1,700 m),
moderate (1,700-1,900 m), low (1,900-2,100 m), and ex-
The most significant environmental factor influencing the  tremely low (>2,100 m).
distribution of malaria in Argoba Woreda was found to be el-
evation (as shown on Figure 4). Elevation was divided into
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Figure 4. Elevation profile of Argoba woreda.
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Figure 5. Mean Elevation graph of each kebele in Argoba Woreda.

Malaria was much more common in kebeles at lower eleva-
tions. The highest malaria cases were found in Gobera and

Temperature Map
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Chomiye, which are located at average elevations of 1,325.46
m and 1,422.62 m, respectively. On the other hand, malaria
incidence was comparatively lower in Arera Gechero and
Fetekoma, which are situated at higher elevations of 1,898.89
m and 1,801.46 m, respectively. These results verify that
lower-altitude regions offer ideal environmental conditions
for parasite development and mosquito survival.

3.3. Temperature

The second most significant environmental element linked
to the spread of malaria was found to be temperature. Accord-
ing to the analysis, Argoba Woreda experiences temperatures
between 18<C and 23.5<C (shown on Figure 6).
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Figure 6. Temperature pattern of Argoba woreda.

Patterns of malaria incidence closely matched the distribution of temperatures. Higher temperatures in lower-altitude kebeles

were linked to an increase in the spread of malaria.
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Figure 7. The mean Temperature pattern of Argoba woreda kebeles.
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As shown on the above Figure (Figure 7) With mean tem-
peratures of 22.34<C and 22.14<C, respectively, Gobera and
Chomiye had the highest rates of malaria. The mean tempera-
tures at Arera Gechero and Fetekoma, on the other hand, were
lower relatively.

3.4. Slope

Slope has been found to be the third environmental factor
influencing the spread of malaria. Slope has a big impact on

Slope Map
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water buildup and the creation of mosquito-friendly breeding
grounds [15].

As shown on Figure 8 Slope in the study region was divided
into five groups based on appraisal and spatial analysis: 0-
25%, 25-35%, 35-50%, 50-70%, and greater than 70% rise.
The findings showed that whereas the highland kebeles of the
woreda have steeper slopes that lessen the possibility of water
pooling, the lowland kebeles are often characterized by softer
slopes that promote water stagnation. The elevation profile
and this pattern are quite similar.
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Figure 8. Slope map of Argoba woreda in percent.

3.5. Proximity to Water Bodies
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Figure 9. Proximity to water bodies map.
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Another significant factor that has been found to influence
the spread of malaria is proximity to rivers and streams. Mos- 3.6. Rainfall
quitoes can breed and survive in areas close to bodies of water
[16]. As shown on Figure 9 according to spatial analysis, lo- Rainfall was found to be the least significant environmental
cations between 300 and 500 meters are classified as high-risk ~ element influencing the spread of malaria on the study area.
zones, while areas within 300 meters of rivers are considered ~ As shown on Figure 10 the woreda receives between 821 and
very high-risk zones. Due to decreased mosquito dispersal, the 917 mm of rain annually.
risk of malaria rapidly declines beyond 500 meters.
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Figure 10. Rainfall Pattern Map of Argoba woreda.

While lowland kebeles received less rainfall and had a  area, Gobera and Chomiye had lesser rainfall and a higher ma-
greater prevalence of malaria, higher-elevation kebeles re- laria burden, while Fetekoma and Arera Gechero had higher
ceived comparatively more rainfall and had fewer malaria  rainfall values and a lower prevalence of malaria.
cases. For instance, Figure 10 shows Rainfall Pattern of the
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Figure 11. Mean-Rainfall graph of Argoba woreda kebeles.
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3.7. Weighted Contribution of Environmental Factors

According to the findings as shown on Table 1, elevation had the greatest impact, accounting for 37% of the determination of malaria
risk. With 25%, temperature came in second, followed by rainfall (8%), slope (17%), and proximity to bodies of water (13%).

Table 1. Weighted values, ranks, and influence levels of environmental factors in determining malaria risk zones in Argoba Woreda.

Factors

Elevation (M)

Temperature (C)

Slope (%)

Proximity to river (m)

Rainfall

Class

1062-1500
1500-1700
1700-1900
1900-2100
>2100
18-19
19-20
20-21
21-22
22-23.5
0-25

25-35
35-50
50-70

>70

0-300
300-500
500-700
700-1000
>1000
821-860
860-875
875-890
890-900
900-917

Rank

a A W N P O B WO DN P g BB O DN P P D O P> o a >~ 0w N e

Hazard Weight Influence (%)

Very High

High

Moderate 0.37 37
Low

Very Low

Very High

High

Moderate 0.25 25
Low

Very Low

Very High

High

Moderate 0.17 17
Low

Very Low

Very High

High

Moderate 0.13 13
Low

Very Low

Very High

High

Moderate 0.8 8
Low

Very Low

Table 1 shows the weighted values, rankings, and influence levels of environmental elements in Argoba Woreda's malaria risk zones. The
weighted analysis shows that temperature and elevation are the main factors influencing the risk of malaria in Argoba Woreda, with rainfall,
slope, and proximity to rivers playing supporting roles.

3.8. Spatial Identification of Malaria Risk

Zones

Argoba Woreda was divided into five malaria hazard cate-
gories very high, high, moderate, low, and very low risk based

on the weighted overlay analysis (Shown on Figure 12). The
majority of the woreda falls into the high and extremely high-
risk categories, according to the malaria danger map.
According to the analysis, 30.40% of the study area is
classed as extremely high risk, while 41.46% of the region is
rated as high risk. These two groups together make up over
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70% of the woreda, demonstrating the extensive susceptibility
to the spread of malaria. Low-risk and very low-risk zones

Malaria Hazard Map

Legend
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- Very Low

91000

HOSN

make up only 4.86% and 0.01% of the woreda, respectively,
whereas moderate-risk areas make up 23.28%.
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Figure 12. Malaria risk map of Argoba Woreda.

Table 2. Descriptive Table of Malaria hazard classes at Woreda level.

Malaria Hazard Classes Rank Risk Level
Very High 1 Very High
High 2 High
Moderate 3 Moderate
Low 4 Low

Very Low 5 Very Low

As shown on Table 2 the Argoba Woreda Health Office's
2023 malaria surveillance reports, which also showed that the
malaria load is concentrated in lowland kebeles, are highly
consistent with the spatial patterns found in this study.

3.9. Correlation Between Environmental
Factors and Malaria Risk Levels

Strong correlations between environmental and remotely
sensed factors and malaria risk were found in the investigation

91

Area (Hectare) Percentage (%0)
9367.11 30.40

12778.47 41.46

7172.91 23.28

1499.31 4.86

3.6 0.0117

(shown on Figure 13). There was a significant negative asso-
ciation (-0.63) between the malaria risk level and API, sug-
gesting that high-risk zones are associated with greater rates
of malaria. Elevation demonstrated the largest positive link
with malaria risk levels (0.92), whereas NDVI demonstrated
a substantial negative correlation (-0.80). Additionally, there
was a large negative association (-0.81) between temperature
and the incidence of malaria, moderate relationships with
slope (0.76) and rainfall (0.62), and a relatively weaker corre-
lation with proximity to rivers (0.39).
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Figure 13. Correlation result.

The correlation result seen in Figure 13 above These find-
ings demonstrate that the weighted overlay analysis effec-
tively captured the environmental elements impacting malaria
transmission in the area.

3.10. Evaluation of Malaria Risk Variation
Among Kebeles

The findings showed that the risk of malaria varied signifi-
cantly by kebele. With over 90% of their regions designated
as high and very high malaria danger zones, Gobera and Cho-
miye were found to be the most vulnerable kebeles. Whereas
Chomiye had 56.4% extremely high-risk and 34.6% high-risk
zones, Gobera had 73% very high-risk and 22.7% high-risk
areas.

Kilkilo and Fetekoma displayed comparatively mild ma-
laria risk patterns, but Hasene Hager and Amoye Serte also
showed widespread high-risk coverage. With over 75% of its
territory categorized as moderate and low risk, Arera Gechero

had the lowest malaria hazard values.

80
60 -+ . _
e m Very High
20 +|H— ———<|_ High
0 .I. s L0k mModerate
(=] = ® O
e - e =
% e ©E 2O E  mVeryLow
L
<

Figure 14. Malaria risk levels at kebele level.

Figure 14 above shows the risk of malaria at the kebele level.
Overall, the results show that there is significant regional var-
iation in the risk of malaria in the area.

Table 3. MAlaria hazard risk at kebele level.

Kebele Malaria Hazard Classes Rank

Kilkilo Very High 1

Risk Level Area (Ha) Percentage (%)

Very High 2443 7.1
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Kebele

Amoye serte

Avrera gechero

Fetekoma

Chomiye

Gobera

Hasene Hager

The hazards of malaria in each kebele are shown in Table 3.
It contains a wealth of information, including the name of the
kebele, the class of malaria hazard, its rank, the area in hec-
tares, the proportion of the entire study area it covers, and the

Malaria Hazard Classes
High
Moderate
Low

Very Low
Very High
High
Moderate
Low

Very Low
Very High
High
Moderate
Low

Very Low
Very High
High
Moderate
Low

Very Low
Very High
High
Moderate
Low

Very Low
Very High
High
Moderate
Low
Very Low
Very High
High
Moderate
Low

Very Low

Rank

a A WO N P O B WO N P OO b O DD PP OO > 0 DD PP 0o > w0 PN PP o > 0o N P o > wDN

Risk Level
High
Moderate
Low

Very Low
Very High
High
Moderate
Low

Very Low
Very High
High
Moderate
Low

Very Low
Very High
High
Moderate
Low

Very Low
Very High
High
Moderate
Low

Very Low
Very High
High
Moderate
Low

Very Low
Very High
High
Moderate
Low

Very Low

Area (Ha)

2202
983.27
16.4
1209.365
2236.157
804.1824
145.7569
23.87
762.1
1703.44
902.7
2.0136
1996.86
2515.6
325.61

1

4043.1
2477
566.1
77.34

2828.7
880.6
166
0.06
860
1988.36
284.51

Percentage (%)

63.9
28.53
0.48

27.51
50.87
18.3
3.32

0.7
22.45
50.19
26.6
0.06

41.26
52
6.73
0.02
56.44
34.57
7.9
11

73
22.72
4.28
0.0015

27.45
63.47
9.1

risk level, which can be low, moderate, or high. We may view
the malaria hazard classes and risk level for each kebele by
breaking down the malaria hazard risks by kebele.
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3.11. Relationship Between NDVI and Malaria
Risk

As shown on Figure 15 the findings indicate that lower
NDVI values were associated with Gobera and Chomiye,

NDVI Map
L 3 i
s T
\.'» "a" ',.
R A T
- 3
. PR
Legend
NDVI
High : 0.76
Mean : 0.44
B Low:0.10 &)
R S5

SOS00

which had extremely high malaria hazard levels. Mosquito re-
production is facilitated by the bare surfaces, poor natural
cover, and growing population in these places. On the other
hand, Fetekoma and Arera Gechero had lower malaria risk
levels and comparatively greater NDVI values.
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Figure 15. NDVI map of Argoba woreda.

The significance of land cover conditions in regulating mosquito ecology and malaria transmission dynamics is confirmed by the negative

correlations between NDVI and malaria risk.

4. Discussion

The results showed that environmental factors, including el-
evation, temperature, slope, proximity to water bodies, and
rainfall, all have a significant impact on the risk of malaria. A
significant majority of the population lives in environments
that are conducive to the spread of malaria, as evidenced by
the fact that more than 70% of the woreda was categorized as
having a high or very high malaria hazard.

Elevation was shown to be the most significant factor, ac-
counting for 37% of the malaria hazard model. According to
earlier research, lower-altitude regions offer ideal conditions
for mosquito survival, breeding, and parasite development be-
cause of warmer temperatures and appropriate humidity levels
[17]. This is consistent with the inverse relationship between
elevation and malaria incidence. The concentration of high
malaria prevalence in lower-elevation areas like Gobera and
Chomiye provides more evidence that topography influences
the dynamics of malaria transmission. Similar results have
been documented in Ethiopia and other malaria-endemic areas

94

where elevation has a major role in determining the distribu-
tion of vectors and the incidence of the disease [18].

It was shown that temperature was the second most signifi-
cant factor affecting the risk of malaria. Higher temperatures
were associated with higher malaria incidence, but decreased
risk was seen in colder highland locations [19]. This result is
consistent with research showing that warmth enhances mos-
quito growth, biting frequency, and parasite incubation dura-
tions, all of which increase the potential for transmission [20].
The significance of thermal circumstances in determining ma-
laria adaptability is confirmed by the study's strong negative
association between temperature and malaria risk ranking.

Malaria risk was also significantly impacted by slope. Be-
cause they encourage water stagnation and the creation of
breeding habitats, areas with mild slopes were linked to
greater hazard levels. On the other hand, steep slopes decrease
the amount of standing water that mosquitoes may grow in and
promote runoff [21]. Similar findings, emphasizing the signif-
icance of topographical features in regulating the geographical
distribution of mosquito habitats [22].

The risk of malaria was also significantly influenced by
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proximity to waterways. Because mosquito populations are
supported by breeding habitats and water sources, areas near
rivers and streams showed higher risk [23]. However, the
very modest association found in this study indicates that,
without taking into account interaction factors like elevation,
temperature, and river proximity alone is insufficient to ex-
plain malaria risk. Similar results, highlighting the joint im-
pact of climatic and hydrological factors on malaria trans-
mission [24].

With only 8% of the total influence, rainfall made the least
contribution to the malaria hazard model. Rainfall is necessary
to create mosquito breeding grounds, but too much rain might
have flushing effects that lower larval survival [25]. The
study's finding of an inverse link between rainfall and malaria
incidence implies that lowland locations with moderate rain-
fall may offer better breeding conditions than those with
higher rainfall. Studies carried out in other tropical regions,
where the association between rainfall and malaria transmis-
sion is frequently nonlinear and context-dependent, have re-
ported similar findings [26].

The malaria hazard model was further confirmed by the
Pearson correlation study. The spatial risk map closely
matches observed malaria incidence, as evidenced by the high
negative correlation (-0.63) between API and malaria risk rat-
ing. The significance of land cover conditions in determining
malaria vulnerability is also demonstrated by the strong in-
verse association (-0.80) between NDVI and malaria risk.
Higher malaria risk was linked to areas with lower NDVI val-
ues, which indicate bare ground, populated areas, and water
surfaces [27]. Since plant and land-cover conditions directly
affect mosquito habitat availability and human-vector interac-
tions, this conclusion is consistent with earlier research that
found NDVI to be an excellent indication of malaria suitabil-
ity [28].

With over 90% of their areas categorized as high or very
high danger, Gobera and Chomiye were found to be the main
hotspots for malaria. On the other hand, because of their
higher elevations, lower temperatures, and less conducive cli-
matic conditions for vector breeding, Arera Gechero and
Fetekoma showed relatively lower risk levels. The trustwor-
thiness of the GIS-based method employed in this work is
demonstrated by the near alignment of these spatial patterns
with malaria surveillance records by the Argoba Woreda
Health Office.

Overall, the results show that topographic and climatic con-
ditions, especially elevation and temperature, are the main
drivers of malaria risk in Argoba Woreda. Malaria-prone areas
were identified and local differences in vulnerability were
highlighted by the integration of environmental variables us-
ing GIS and multi-criteria decision analysis. In order to prior-
itize surveillance, vector control activities, and resource allo-
cation toward high-risk kebeles like Gobera, Chomiye, and
Hasene Hager, the resulting malaria hazard map offers im-
portant evidence. These geographically focused strategies are
crucial for enhancing malaria prevention and assisting the
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woreda's evidence-based public health planning.

5. Conclusion

This study successfully identified and mapped malaria haz-
ard zones in Argoba Woreda using Geographic Information
System (GIS) and Multi-Criteria Decision Analysis (MCDA)
methodologies, taking into account important environmental
characteristics such as elevation, temperature, slope, proxim-
ity to water bodies, and rainfall. A thorough grasp of the spa-
tial distribution of malaria risk throughout the woreda was
made possible by the integration of these variables using a
weighted overlay analysis. The results showed that environ-
mental factors, especially elevation and temperature, had a
significant impact on the spread of malaria in Argoba Woreda.
With a 37% contribution to the model, elevation was found to
be the most significant factor influencing the risk of malaria,
followed by temperature (25%), slope (17%), proximity to
water bodies (13%), and rainfall (8%). It was discovered that
lower-altitude regions with milder temperatures, mild slopes,
and close proximity to rivers were ideal for the spread of ma-
laria. On the other hand, the risk of malaria was reduced in
higher-altitude regions with steeper terrain and colder temper-
atures.

A significant portion of the woreda is susceptible to malaria
transmission, according to the malaria danger map. Over 70%
of the woreda is in an environment that is conducive to the
occurrence of malaria, with about 41.46% of the region
classed as high risk and 30.40% as extremely high risk. Go-
bera and chomiye were the most vulnerable kebeles, with
more than 90% of the land classified as having a high or ex-
tremely high risk of malaria. On the other hand, because of
their higher elevations and less conducive environmental cir-
cumstances for mosquito development, arera gechero and
fetekoma showed comparatively reduced risk.

The reliability of the malaria hazard model was further val-
idated by the correlation analysis. Environmental factors, es-
pecially elevation, temperature, and NDVI, were found to
have strong correlations with malaria risk. Higher malaria risk
was linked to areas with less plant cover and lower NDVI val-
ues, underscoring the significance of land-cover features in
the dynamics of malaria transmission.

All things considered, the study shows that G1S-based en-
vironmental suitability modeling is a useful method for locat-
ing malaria-prone regions and comprehending regional differ-
ences in malaria sensitivity. For Argoba Woreda's malaria pre-
vention and control initiatives, the created malaria danger map
offers important spatial evidence. In high-risk kebeles, the
findings can help health authorities and decision-makers pri-
oritize monitoring, vector control measures, resource distribu-
tion, and community awareness campaigns. Improving ma-
laria control efforts and lowering the disease burden within the
woreda can be achieved by implementing targeted interven-
tions in designated hotspot locations, including Gobera, Cho-
miye, and Hasene Hager.
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Abbreviations

API Annual Parasite Incidence
CHIRPS Climate Hazards Group InfraRed Precipitation
with Station Data

GIS Geographic Information System

NDVI Normalized Difference Vegetation Index

RS Remote Sensing

SRTM Shuttle Radar Topography Mission

MCDA  Multi-Criteria Decision Analysis

WHO World Health Organization
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