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Abstract
Background: Erer is one of the districts in Ethiopia where the �rst malaria transmission season occurs.
Although the focus on malaria research has increasingly gained ground, little emphasis has been given to
develop quantitative methods for assessing malaria hazard and risk in a temporal and spatial
perspective.

Objective: To characterize and examine the temporal and spatial malaria trend. The research also aims at
producing a predictive model of malaria hazard and risk in Erer district. Methods: In this study a cross
sectional research design was used. It was carried out through the collection of both quantitative and
qualitative data about the nature of malaria and household’s response towards it. A multi-stage sampling
method was used and 136 sample size was determined from the sampling frame of 6203 households.
Simple descriptive analysis technique was used to determine the malaria trend of the district. Integration
of Geographic information system and analytic hierarchy process was used to determine the weight of
each factor pair wise comparison and weighted linear combination was used to aggregate and produce
the hazard and malaria risk maps.

Results: Results have shown that 19.92%, 27.96%, 32.35%, 18.93% and 0.82% of the district was very
high, high, moderate, low and very low malaria risk areas respectively. The malaria trend of the area was
found to be variable across time with 2014 the peak year while the minimum case observed was in 2016. 

Conclusion: It is possible to conclude that risk maps are important for estimating the scale of the risk,
and enable detection of high risk areas, thus facilitating decision making and policy formulation for
enhanced malaria control interventions. Key words: Analytic Hierarchy Process; Malaria risk; Malaria
trend; Weighted overlay

1. Introduction
Globally, 300 − 500 million episodes of malaria illness occur each year, resulting in over one million
deaths (WHO, 2015). More than 90% of the worldwide deaths from malaria occur in Sub-Saharan
(Kleinschmid et al., 2001). It is also one of the most serious diseases to affect people in developing
countries with tropical and subtropical climates. It is endemic in many countries and more than three
billion of the world’s population lives in malaria risk regions (Kirk et al., 2015) and (WHO, 2013).

It is estimated that 75% of the country is malarious with about 68% of the total population living in areas
at risk of malaria (Worku, 2016; Sied, 2007). Malaria is a risk in the western and eastern lowlands and
central midlands. It is further indicated that millions of people get sick and tens of thousands of people
die due to malaria every year (Chikodzi, 2013). Spatially, there are areas where the risk of malaria is high
and there are areas where the risk is low and according to sources (FMoH, 2009).

Erer is one of the districts in Ethiopia where the �rst malaria transmission season occurs (FDREMoH,
2004). It is a reason for high morbidity and mortality in the district. Malaria prevention and control system
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based on number of malaria cases report is time taking and lacks early response in times of epidemics
(Woyessa, 2012). Therefore, integrative approaches that take environmental, socio economic and
physical factors into account are needed to effectively reduce malaria burden (Sipe and Dale, 2003).
Although the focus on malaria research has gained ground, little emphasis has been given to develop
quantitative methods for assessing malaria hazard, risk and vulnerability in a temporal and spatial
perspective.

National malaria programmes typically make operational decisions about where to implement vector
control and surveillance activities based upon simple categorizations of annual parasite incidence. With
technological advances, an enormous opportunity exists to better target speci�c malaria interventions to
the places where they will have greatest impact by mapping and evaluating metrics related to a variety of
risk components (Tuyishimire, 2013). The general objective of the study is therefore to characterize and
spatially model malaria risk using analytic hierarchy process (AHP) and geographic information system
(GIS). Speci�cally it is aimed at characterizing the temporal and spatial malaria trend of the district and
map/model potentially malaria risk areas for preventative intervention.

2. Methods And Materials
2.1. Location

Erer is one of the districts in the Somali National regional state of Ethiopia. It is bordered on the south by
Dire Dawa administration and the Oromia National regional state, on the southwest by Afdem district, on
the northwest by the Afar National regional state and on the east by Shinile district (Figure 1).
Astronomically it is found between 100 15’N and 410 30’E.The average elevation of the district is 824
meters above sea level. The track of the Addis Ababa Djibouti railway crosses the southern part of this
district (CSA 2007).

2.2. Economic activities

Agro-pastoralism is the frequently practiced means of livelihood in the district. The rural households are
being engaged in pastoralism and irrigation for the production of cash fruits such as lemon, orange, and
Chat through irrigation. Orange is the most common cash fruit which is produced in the district. Irrigation
is practiced along Erer, Tebe and Idora which are the three major rivers in the district. Petty trade, labor
wages and off farm activities is also some of the means livelihoods in the district.

2.3. Research design

In this study a cross sectional research design was used. It was carried out through the collection of both
quantitative and qualitative data about the nature of malaria and household’s response towards it. It is
also used to depict the nature or magnitude of malaria in the study areas.

2.3.1. Sample size and sampling technique
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Sample size of these study kebeles was determined based on the simpli�ed formula given by Jeff (2001).

Where:                                                                 

n = required sample size.

X2 = the table value of chi-square for 1 degree of freedom at the desired con�dence level (3.841).

N = the population size

P = the population variability (assumed to be 0.10 since the population is homogeneous in terms of
elevation, similar social class and similar economic activity (cash economy).

d2= the degree of accuracy expressed as a proportion (0.05).

On the other hand, in order to determine the number of sample (respondents) from Erer (S1), Dimtu (S2),
Kentras (S3) and Bella (S4), the following formula was used.

Sn= ( Ns / N ) * n

Where Sn is the sample size for kebele S, Nh is the population size for kebele h, N is total population size,
and n is total sample size.

Hence, S1= (N1/ N) * n = (2150/6203)136 = 47 hhs

            S2= (N2/ N) * n = (1234/6203)136 = 27 hhs

            S3= (N3/ N) * n = (1362/6203)136 = 30 hhs

            S4= (N4/ N) * n = (1457/6203)136 = 32 hhs

According to Erer district Health o�ce (2017), the study population was found to be homogenous in
terms of geography, social class and economic activity (cash economy). Hence, a simple random
sampling method was employed to select the sample respondents. In this study, a household data was
used because different literatures boldly asserted that households are better to depict a more accurate
and detailed information about problems.  Besides, a non-probability sampling method (purposive) was
also employed to select key informants.

Table 1: Summary of sample kebeles and households
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No Sample kebeles Household size Sample households Sampling technique

1.   Erer 2150 47 Simple random sampling

2.   Dimtu, 1234 27 Simple random sampling

3.   Kentras 1362 30 Simple random sampling

4.   Bella 1457 32 Simple random sampling

        Total 6203 136 Simple random sampling

2.4. Data sources and collection methods

Both primary and secondary data sources were used in this study. Primary data was collected from the
key informants and sample respondents. The primary data was supplemented by secondary data
sources such as documents from Erer district health o�ce, satellite imageries and NMA. A set of
questions about the outbreak of malaria were developed in English and later translated to Somali
language. The quality of the questions was tested in a pilot study and later distributed to the randomly
selected 136 households. Check lists were also prepared to gather detailed information about the
characteristics of malaria and its coping mechanisms as well as its severity from the key informants. 

2.5. Methods of data analysis

Data obtained about the outbreak of malaria was analyzed using descriptive methods of data analysis
(Yimer, 2017). Time series analysis was also employed to analyze the trends of malaria cases and
temperature conditions in the district. This was made with the help of SPSS SPSS (Statistical Package
for the Social Sciences). The household survey data was descriptively analyzed to identify the malaria
outbreak conditions and examine the copying mechanisms of the local community.  To know the malaria
trend of the area ten (10) years from 2014 to 2016 malaria cases report was obtained from Erer district
health o�ce and the trend was determined. Data was entered and analyzed by SPSS software package.
The frequency distribution of both dependent and independent variables were worked out by using
crosstab. Finally, the data was described and presented using �gures.

Geographic information science based multi-criteria decision analysis was used to identify the malaria
hazard and risk factors and assign weights (Malczewski, 2006). The analytic hierarchy process which is
a matrix where each criterion is compared with the other criteria, relative to its importance, on a scale
from 1 to 9. Where 1 = equal preference between two factors and 9 shows a particular factor is extremely
favored over the other (Hong et al., 2000) was used. Both Malaria Hazard and Malaria risk were
computed using weighted linear combination using the formula H= ∑wixi and  R= ∑wixi respectively,
Where, H- is the composite hazard score, R – is the composite risk score, xi –is factor scores, wi is
weights assigned to each factor and ∑ -- is sum of weighted factors. Malaria risk of the district was
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analyzed from the following general risk equation. Risk = (Elements at risk)*(Malaria Hazard)*
(Accessibility index).

3. Results And Discussions
3.1.   Trends of malaria cases in Erer district

As per the data which is obtained from Erer district Health bureau (2017), malaria cases are currently
being declining with some irregularities relative to the past.  This is partly due to the frequently
undertaken preventive measures such as spraying buildings with anti-mosquito chemicals, environmental
sanitation campaigns, such as removing grasses and �lling of water ponds, distribution of mosquito nets
and providing mobile health cares.

The same source further indicated that the peak malaria transmission and severe season in the district is
from May to September. Hence, the higher malaria cases are usually observed during the lowest rainfall
months. In the last ten years, the maximum malaria case was recorded during 2006  whereas the
minimum case was observed during 2015 (Figure 2) .

As clearly illustrated in Figure 3, malaria knocked majority of the sample respondents across all surveyed
study kebeles. About 78%, 70.1%, 80.4% and 71% of the sample respondents of Kentras, Erer, Dimtu and
Bella kebeles respectively reported that their families were affected by malaria and the remaining
proportion of the surveyed households indicated that they were not affected by malaria.  The major
reason for this was found to be the proper usage of the mosquito nets and some of the actions by the
government to prevent the outbreak of the incident. It is also found that almost all of the surveyed
respondents re�ected that malaria is the major problem and the most prevalent disease in the district.
According to the district health experts (2017), mobile health cares are also other immediate but
important strategies to overcome the outbreak of malaria. It is also further elaborated that early
treatments such as soaking or dipping of mosquito net in a liquid to kill the mosquitoes, treating standing
water with larvicides, avoiding standing water, cutting long grasses and mass awareness creation
activities are found to be the most important measures in the district. However, some households are
found to be practicing nothing and not taking any measure for the reason that they are never infected by
the disease.

3.2. Malaria risk factor maps

3.2.1. Malaria Hazard Factor

The malaria hazard was computed by overlaying the following �ve factors of proximity to water body,
elevation, slope, temperature and temperature wetness index in weighted overlay module of ArcGIS 10.4
(Table 2).
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Table 2. Pair wise comparison of hazard factors using AHP (obtained from IDRISI

software)
Hazard Factors    
    

Elevation Proximity to
water body

TWI Temperature Slope Eigen
vector
weights

Elevation 1  1  2 3 6 0.32
Proximity to water
body

1  1  2  3 5 0.25

TWI 1/3  1/2  1  2  4 0.2
Temperature 1/4  1/3  1/2  1  3 0.16
Slope 1/6 1/5 1/3 1/3 1  0.07

Table 3. Weight Determination (Saaty, 2008)  
Criteria Measurement

(Unit)
Hazard Level Weight

(%)3 2 1
High Moderate  Low 

           

Elevation
meter  343-651 m 651 - 996

m
996-
2050 m

0.2

Slope  % < 13% 13-26 % 26-69% 0.06
Proximity to water bodies  km <  1.5km 1.5 - 5km >5km 0.31
Temperature  C0 283- 268     

      
268-240 240-213 0.15

Temperature wetness
index            

Unit less 213-501 501-603 653-923 0.24

The hazard factor was obtained by simple additive weighting method using the formula. H = ∑wixi.
Where, Hi = Hazard, wi refers to weight and xi refers to the variables used (Hailu, 2016). Hence it gives the
following. Hi =∑ (Elevation*0.2 + proximity to water bodies * 0.31 + TWI * 0.24 + Temperature*0.15 +
Slope * 0.04) which gives the following values (Table 3).

 

Table.4. Malaria Hazard of Erer district 
Cell Count Ranking Area (km2) Percent Area (%) Hazard

532,395 1 4791.5 34.91  Very Low 
324037 2 2916.3 21.25  Low
128125 3 1153.18 8.4  Moderate 
197578 4 1778.49 12.95  High
342705 5 3084.95 22.47  Very High
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Table 4 shows the extent of malaria hazard in the district. 22.47% or 3084.95 km2 of the area under
investigation was very hazardous to malaria where as 12.95% or 1778.49 km2 of it was found to be under
high malaria hazard. While 8.4% or 1153.18 km2 of the area was with moderate hazard 21.25% or 2916.3
km2 fall under low in�uence to malaria hazard. The remaining 34.91% or 4791.5 km2 area of the district
was with very low category. Both the table and the hazard �gure resemble the responses given from the
questionnaires and interviews.

As can be noted from Figure 4, above spatially the malaria hazard of the district is classi�ed in to very
high, high, moderate, low and very low. As can be observed from the legend of the map the very blue
colour represents very high hazard to malaria. Low laying areas with higher temperature were highly
hazardous. The green color is showing areas with lesser hazards to malaria. In addition kebelles which
were in close proximity to water bodies such as streams, irrigation canals and areas where there was
sporadic rainfall are identi�ed as very high and high hazard areas.

3.2.2.     Elements at risk factor

Land use land cover types which are used to identify elements at risk were considered as important risk
factors in malaria research. Maximum likelihood supervised classi�cation technique was applied to
classify the image in ERDAS IMAGINE 2014. Accordingly �ve land use/ cover classes namely, water
bodies, forests, settlement/farmland, bush land and bare/open land were identi�ed. The element at risk
layer was then classi�ed on the basis of malaria risk. Literatures revealed that the most important
element at risk is the settlement or the farmland and were given high score (Lemessa, 2011). The table
also shows next to settlement water bodies and forests can be a source of the vector.

Table.5. Elements at risk of Erer district 
Land cover Classes Value Area(km2) Percent _area (%) Risk

Settlement/Farm land 5 1,687 11.49 Very High
Water body 4 552 3.76  High
Forest 3 525 3.57 Moderate 
Bush Land 2 5,887 41.06 Low
Bare/open land 1 6,028 40.09 Very Low

Water body and forest were considered as most suitable for mosquito breeding based on literatures and
malaria control experts. They were labeled as very high, forest as high, settlement as moderate farmland
and settlement as moderate, bare and shrub lands as low. As a result 5, 4, 3, 2 and 1 were the new values
given respectively. The above Table 5 also illustrates 11.49 % of the area was under very high risk to
malaria where as 40.09% was at very low risk.
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In Figure 5 above blue colors are representing water bodies such as streams, irrigation canals water pools
etc. while forests are being colored by burnt umber. The dark and gray shades are showing settlements
and bare lands respectively. The last macaw green is representing scattered bush land of the area.

3.2.3.   Accessibility index factor

Vulnerability (Accessibility index) was generated from the district health centers point data.  Areas found
within 3 km radius from health centers are assumed to be at lesser malaria risk than areas found outside
this distance (WHO, 2013). Hence, classes of distances < 3 km, 3-4 km, 4-5 km, 5-6 km and > 6 km were
considered to buffer vulnerability index (Zewge, 2016).

Table 6. Accessibility index of Erer district

 Health facility  distance Ranking Area(km2) Percent area (%)  Vulnerability 

< 5 km 1 1855 14.52  Very Low 
6-15 km 2 4643 36.34  Low 
16-25 km 3 4490 35.15 Moderate 
26-36 km 4 1692 13.25  High 
>36 km 5 92 0.72  Very High 

As can be noted from Table 6 above the classes were given ranks of 1, 2, 3, 4 and 5 and were designated
as very low, low, moderate and high and very high malaria vulnerability levels respectively. 0.72% or 92
km2 of the area fall under very high vulnerability to malaria because these areas are with scarce health
facilities. 13.25% or 1692 km2 of the district is also highly vulnerable. The other 35.15% or 4490 km2 and
36.34 or 4643 km2 of the area was designated to be moderate and low vulnerability respectively (Figure
6).

Therefore access to health centers and hospitals in the area would greatly affect the population
vulnerability to malaria.

3.3. Aggregating risk criterion weights

The pair wise comparison method in the analytic hierarchy process module was used to give weight for
each factors (Saaty, 2008). While assigning the weights for the factors in IDRISI software previous
researches, malaria control experts and local condition of the area under investigation were consulted
(Table 7).

Table 7: Risk factor weights and rating and expert’s opinion (IDRISI)
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Factors  Value      Ranking Weight  Area (km2) Risk 
Hazard  100-160 1  0.5 8791  Very Low 

160-195 2 3916  Low
195-230 3 5153 Moderate 
230-270 4 2778 High
270-300 5 2084 Very High

Accessibility  < 5 km 1 0.25 1855  Very Low 
6-15 km 2 4643  Low 
16-25 km 3 4490 Moderate 
26-36 km 4 1692 High 
>36 km 5 92 Very High 

Elements at risk
 

Settlement  5 0.25 552  Very High 
Water  bodies 4 525  High 
Forest 3 1,687 Moderate 
Bush land  2 5,887 Low
Bare/open land  1 6,028 Very Low

3.4.  Malaria risk mapping

The development of malaria risk map of the study area was done on the basis of risk computation model
(Shook, 1997). Risk = Element at risk * Hazard * vulnerability. The computed Eigen vector was used as a
coe�cient for the respective factor maps to be combined in weighted Overlay in the ArcGIS. Computing
the overall risk as R = Hazard*0.5*Elements at risk*0.25*Vulnerability*0.25 would give the malaria risk
map/model. The following tabular and map values are the �nal risk results produced from this
calculation.

Table 8: Malaria risk of scales of Erer district

Cell Counts  Values  Area (km2) Percent area  Risk 
12223 1 109.50 0.82  Very Low 
278253 2 2504.00 18.93  Low 
475387 3 4278.40 32.35 Moderate 
410935 4 3698.40 27.96 High 
292700 5 2634.30 19.92 Very High 

The �nal out put raster layer generated by multiplying the risk components is the raster risk layer. It was
reclassi�ed according to the risk level in to �ve sub groups as very high, high, moderate, low and very low
risk areas as given in Table 8, and �gure 7, above. 19.92% or 2634.30 km2 of area was found to be under
very high risk to malaria and this was also con�rmed by the socio economic data collection tools.  Areas
which are found to be at very and high risk in the �nal malaria risk model were similar to the reports
compiled from the questionnaires, interviews and district o�cials. The dark colored areas in the following
map are showing areas of very high and high malaria risk zones.
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3.5.  Discussion

In this regard a study conducted in New Juaben Ghana by (Kumi-Boateng et al., 2017), shows similar
�ndings. Kebeles which are found along the major rivers in the district are the highly vulnerable areas to
malaria. The �eld observation and distributed questionnaires con�rm the impact of irrigation canals and
intermittent streams and rivers especially around the town of Erer is enormous source of malaria
breeding. The result of the study also shows areas which are located at lower elevations with high
temperature and low rainfall were highly hazardous. Empirically above 50% of the area is highly malaria
hazardous.

The result of the study has also con�rmed that in areas where there is high concentration of health
stations and clinics the vulnerability of the population to malaria risk seems less because with health
service access there is the probability of being treated there. A similar study conducted in Boricha district
Ethiopia has con�rmed that there is less vulnerability of people with access to health service. In addition
there is high tendency of malaria risk in areas of high population density (Senbeta, 2016). The elements
at risk variable derived from the land use land cover have shown that different elements exposed to
malaria incidence one of them being population. In general, as shown in �gure large part of the district is
in risk of malaria. Most of the kebeles in the study area are subject to moderate, high and very high risk of
malaria.

4. Conclusion
In the study the trend of the malaria infection of the district was determined for the last ten years. It was
found that there is alternate or dynamic trend with 2013 E.C being the peak year while the minimum case
observed was during 2016 E.C. Further the distributed questionnaires and key informant interviews
indicated that spraying buildings with anti-mosquito chemicals, environmental sanitation campaigns,
such as removing grasses and �lling of water ponds, distribution of mosquito nets and providing mobile
health services were some of the malaria copying mechanisms employed in the district.

It is also found that Plasmodium Falciparum is the dominant malaria type which accounts 99% of the
malaria type in the area. The results of the �ndings have shown that large part of the district was found
in hazard and risk area to malaria. The risk areas identi�ed in the hazard and risk models were
compatible to the �ndings from the questionnaires and interviews.
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Figure 1

Location map of the study area Source: CSA, 1997.
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Figure 4

Trends of malaria disease in Erer District Source: Erer District Health Bureau, 2017
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Figure 6

Malaria cases reported by the surveyed households Source: Own �eld survey (2017)
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Figure 8

Malaria Hazard map of Erer district
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Figure 10

Elements at risk map of Erer district.
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Figure 12

Vulnerability index map of Erer district

Figure 13

Malaria risk map of Erer district


